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The Authors of this book, dedicated to clinical practice of Neuroanesthesia 
and Neurocritical Care, have adopted an innovative approach based on “case 
scenario” discussion. I am extremely pleased and honored to contribute to 
these forewords to present the result of a long-lasting effort in international 
networking aimed to fulfill educational need of our subspecialty. In time, I 
have met and had the opportunity to cooperate with several of the contribu-
tors of this book, and this makes it easy for me to witness their quality as 
scientists and clinicians.

The first notion of neuroanesthesia—the practice of anesthesia for brain or 
spinal surgery—dates back to the late 1940s. Since then, this subspecialty has 
experienced significant improvements in terms of quality of delivered care, 
complexity of treated patients and performed procedures, and the number of 
treated cases. Specific education path are now available, and this is a substan-
tial contribution to reach high level of quality in patients care along with 
personal experience and case load. This book provides a substantial contribu-
tion within these three important aspects to obtain better short- and long-term 
outcomes in patients undergoing neurosurgical procedures and to better 
define the competences necessary for an accredited subspecialty practice.

According to a contemporary approach, clinical workup should take into 
account principles of “evidence-based medicine” that are derived by clinical 
experience and research results. In everyday neuroanesthesia, it is important 
to achieve a dedicated clinical training—that begins in general anesthesiol-
ogy—and a full understanding of the unique features of the neurosurgical or 
neurologically injured patients. Education in neuroanesthesia and neurocriti-
cal care should also include simulation training and research activity so that 
residents and fellows could learn specific tasks and build confidence with 
essential features in order to provide excellent ability. In clinical practice, 
neuroanesthesiology requires also nonprofessional competencies such as 
effective communication and interdisciplinary interactions among all the 
members of the clinical team. Specific knowledge and competences required 
make neuroanesthesia and neurocritical care a unique medical field.

This book entitled Problem Based Learning Discussions in Neuroanesthesia 
and Neurocritical Care edited by Hemanshu Prabhakar and colleagues 
includes four major chapters: neurosurgical procedures; neurological patients; 
neuroradiology procedures; and “other” procedures and specific circum-
stances such as pregnant or HIV patients with brain tumor, or geriatric 
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patients with intraparenchymal bleed. The chapter on neurosurgical 
 procedures is dedicated to clinical management of intracranial A-V malfor-
mation, brachial plexus injury, brain abscess, cerebellopontine angle tumor, 
subarachnoid hemorrhage, cervical spine injury, craniosynostosis, craniopha-
ryngioma, acromegaly, craniovertebral junction anomaly, hydrocephalus, 
lumbar PIVD, Moyamoya disease, meningomyelocele, pituitary tumor-
Cushing’s disease, posterior fossa tumor, supratentorial tumor, traumatic 
brain injury—EDH, traumatic brain injury—SDH, motor strip gliomas—
awake craniotomy and trigeminal neuralgia. The chapter on neurological 
patients is dedicated to clinical management of scoliosis, Guillain–Barre syn-
drome, myasthenia gravis, Parkinson’s disease, stroke, and polyneuropathy. 
The chapter on neuroradiology procedures is dedicated to clinical manage-
ment of embolization-aneurysm, carotid stenting, and vein of Galen 
malformation.

I strongly recommend for those that approach the clinical practice of 
Neuroanesthesia and Neurocritical Care to go through this book in a system-
atic way and to use it to get ready for “best clinical management.” I also sug-
gest this book to colleagues that are routinely involved in our discipline and 
to read the dedicated chapters when they will face one of the clinical scenario 
presented in this book; I am positive that it will be of great help in setting up 
a rationale workup for the daily practice.

Federico Bilotta
Department of Anesthesiology,  

Critical Care and Pain Medicine,  
University of Rome “La Sapienza”,  

Rome, Italy

Foreword



ix

There have been some great textbooks in neuroanesthesiology. However, as 
editors of this book, we felt the need to bring out a book that would interest 
the millennial generation of anesthesiologists and trainees. They are not just 
interested in clinical facts but would like to know how things work out and 
why it works out. It is important to communicate the foundations of neuroan-
esthesiology to the next generation effectively. Hence, the idea of writing a 
book in a case-based, problem-oriented format was born.

Our highly qualified experienced team of editors then set to work to deter-
mine common yet challenging neuroanesthesia scenarios one would encoun-
ter during their practice. Due to advancements in the field of neurosurgery, 
there have been several new surgical procedures. Monitoring the brain has 
also taken a giant leap with the technology boom. “Time is brain” and we 
hope that reading this book will give all the insight and skills necessary to 
deal with these complex situations posed to the clinician practicing 
neuroanesthesia.

Each chapter begins with a case, and this is followed by pre-operative 
evaluation, intra-operative management, and post-operative complications in 
a question format with answers and references for these answers. Multiple 
choice questions at the end of each chapter serve as a test to assess the read-
er’s comprehension of the chapter.

As editors, we sought out neuroanesthesia experts throughout the world. 
Our authors have a high degree of expertise in their field, have been extremely 
willing and encouraging with this educational endeavor, and have shared 
their knowledge and experience with us.

Our team consisting of Hemanshu Prabhakar, Indu Kapoor, Charu 
Mahajan, and myself are happy to present you with this unique book. We 
think this would be of great benefit and we hope that you will enjoy read-
ing every bit.

Happy reading,

Cleveland, OH, Pittsburgh, PA, USA Shobana Rajan  

Preface
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Management of Patient with 
Intracranial A-V Malformation

Suparna Bharadwaj and K. N. Gopalakrishna

Stem Case Terminology
A 35-year-old male presented to your hospital 
with headache and vomiting for 5 months.

Question 1:
You are the neuroanesthesiologist on call and 
asked to assess this patient for future anesthetic 
and critical care management. How do you 
proceed?

Answer:
History taking and physical examination

Demographics: This patient is a 35-years-old 
gentle man hailing from Tamil Nadu. He is edu-
cated till twelfth grade and works as mason.

Chief complaints: Patient is a right-handed 
individual. He presented with episodic transient 
headache and vomiting since 5 months.

History of presenting illness: Patient was 
apparently normal 5 months back. That is when 
he was traveling in a bus and he had a sudden 
onset of headache. It was throbbing type and 
peaked over 10 min. Head ache was holocranial 
in location. It was so severe that the patient had to 
rush immediately to a regional hospital. After 

about 30 min, the patient had an episode of vom-
iting which relieved his headache.

Patient had four to five such episodes over the 
past 5 months with a frequency of one episode a 
month. Last two episodes were associated with 
giddiness.

There is no history of hypertension, seizures or 
weakness, visual loss, weakness in limbs, devia-
tion of angle of mouth, loss of consciousness, and 
altered sensorium. There is no history of fever, 
alcoholism, vomiting, and diarrhea leading to 
dehydration. There is no history of fever and past 
history of tuberculosis. There are no signs of gait 
disturbances, difficulty in swallowing, or regurgi-
tation of food particles and hoarseness of voice.

Treatment history: In the regional hospital, he 
was evaluated for migraine without any diagnos-
tic success. Presently he is not on any 
medication.

Summarizing the history: This 35–year-old 
man is presenting with sudden onset of headache 
associated with features of raised intracranial 
pressure (ICP). His differential diagnosis would 
be causes of sudden onset head ache: (a) aneurys-
mal subarachnoid hemorrhage (b) cerebral arte-
riovenous malformation (cAVM) with bleed (c) 
intracranial tumor with bleed (d) cortical vein 
thrombosis (e) acute pyogenic meningitis.S. Bharadwaj (*) · K. N. Gopalakrishna 

Department of Neuroanesthesia and Neurocritical 
care, National Institute of Mental Health  
and Neurosciences, Bangalore, India
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General physical examination: Patient is mid-
dle aged, moderately built, and nourished. He 
does not have pallor, icterus, pedal edema, cyano-
sis, clubbing, and generalized lymphadenopathy.

Pulse is 82/min regular, blood pressure 
126/80 mmHg in the right arm in supine position, 
and respiratory rate is 16/min regular.

1.1  Systemic Examination

1.1.1  Central Nervous System

Higher mental function: The patient is oriented 
with time, place, and person. Mini-mental state 
examination may be done for detailed assessment.

Cranial nerve examination: Clinical impli-
cations of cranial nerve examination to neuroan-
esthesiologist are given in Table 1.1.

1.1.2  Motor System Examination

Bulk and tone of muscles—normal, power is 
5/5 in all four limbs. Superficial and deep tendon 
reflexes are normal. Plantar reflex is down-going

Sensory system examination: Touch, pain, and 
temperature are normal in all dermatomes.

Proprioception is normal, vibration sense is 
normal, Romberg’s sign is negative

No cerebellar signs. Gait and stance are 
normal

Clinical implication: It is essential to study 
from surgical notes about the preexisting sen-
sory and motor deficits. Somatosensory and 
motor- evoked potentials may be used intraop-
eratively to monitor sensory and motor tracts, 
respectively.

Cardiovascular system: Normal heart sound 
is heard and no added sounds on auscultation.

Respiratory system: Normal vascular breath 
sounds are heard.

Gastrointestinal system: Normal on palpa-
tion and auscultation.

Question 2:
What are the diagnostic tools that help to arrive at 
diagnosis in this patient

Answer:
Imaging of the brain is an useful modality to 
arrive at diagnosis (Fig. 1.1)

 1. Non-contrast computed tomography (CT): to 
rule out space occupying lesion. CT brain of 
patient showed hyperdense lesion in right 
parieto-occipital region with enlarged drain-
ing veins. There is no mass effect or midline 
shift.

 2. CT angiogram: Right parieto-occipital arte-
riovenous malformation (AVM) with specks 
of calcifications. Nidus is 2  ×  2.2  cm. 
Feeders are from right middle cerebral artery 
(MCA) and right posterior cerebral artery 
(PCA).

 3. Magnetic resonance angiogram: T2-weighted 
image shows flow voids in right parieto-occip-
ital region. Feeders are from MCA branches. 
Nidus drains into transverse sinus.

Table 1.1 Clinical implications of cranial nerve exami-
nation to neuroanesthesiologist

Cranial 
nerve Examination

Clinical implication to 
neuroanesthesiologist

1 smell Not relevant
2 Visual 

acuity, 
afferent for 
pupillary 
reaction

Blurred vision in acute 
hydrocephalic attacks 
associated with headache and 
vomiting, pupillary 
asymmetry in cerebral 
herniation

3,4,6 Efferent for 
pupillary 
reaction
Extraocular 
movement

Lateral rectus palsy-one of 
the signs of raised ICP
Tumor in proximity to 
cavernous sinus may hamper
Extraocular movements

5 Sensory 
and motor 
testing

Intraoperative monitoring of 
cranial nerve using 
electromyography (EMG) of 
masseter

7 Motor 
testing

Intraoperative facial nerve 
monitoring using EMG of 
frontalis, orbicularis occuli, 
and orbicularis oris

8 Sensory 
testing

Brain stem auditory evoked 
potentials to monitor hearing 
as well as brain stem integrity

9,10,12 Motor 
testing

Intraoperative cranial nerve 
monitoring, caution during 
extubation if preoperative gag 
and cough are impaired

11 Motor 
testing

Lower cranial nerve 
monitoring

S. Bharadwaj and K. N. Gopalakrishna
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 4. Digital subtraction angiogram (DSA): shows 
nidus measuring 1.6 × 2.2 × 2.6 cm3 (Fig. 1.2). 
Feeders are from posterior temporal branch of 
right MCA and right PCA. Nidus drains into 
transverse sinus.

Question 3:
What is cAVM? Discuss its epidemiology.

Answer:
cAVMs are anomalies of intracranial vessels 
where an abnormal connection exists between 
the arterial and venous systems, and they lack 
normal capillary angio-structure [2].

Epidemiology [2]: Incidence: 1.3 per 100,000 
person-years. Prevalence: 10–18 per 100,000 
adults.

Question 4:
What is the pathophysiology of cAVM?

Answer:
In cAVM, arteries are directly connected to veins 
without intervening capillary bed [3]. A tangle of 
abnormal dilated channels that are neither arterial 

nor venous shunt blood from arterial end to 
venous end. This tangle is called the nidus. Thus 
cAVM has a single or multiple feeding arteries 
and a single or multiple draining veins. 
Figure  1.1c shows the feeding artery, and 
Fig. 1.1d shows draining veins of cAVM in the 
pateint. Blood flow in both the feeding artery and 
draining vein is higher than normal, and there 
exists higher than normal pressure on the venous 
side. Long-standing high flow rates may cause 
shear stress, intranidal flow-related aneurysms, 
arterial steal in the surrounding region and venous 
outflow obstruction. Mutation in RASA 1 gene is 
associated with capillary malformation- 
arteriovenous malformation syndromes [4]. 
However, cAVM may be an acquired condition as 
well.

Question 5:
What is the natural history and symptomatology 
of cAVM?

Answer:
Natural history is poorly understood. Spontaneous 
obliteration may occur with small AVMs 
(<2.5 cm) that present with intracerebral hemor-

Feeding artery from Right MCA
Anterior

Nidus

Posterior

MR angiogram

MR Venogram

Draining vein into transverse sinus

MRI brain

CT brain

b

a c

d

Fig. 1.1 Imaging modalities. (a) CT brain, (b) MRI brain, (c) MR angiogram, (d) MR venogram. CT computed tomog-
raphy, MRI magnetic resonance imaging, MR magnetic resonance

1 Management of Patient with Intracranial A-V Malformation
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rhage (ICH). Favorable anatomic features for 
spontaneous obliteration are single draining vein, 
small AVM, and presenting with ICH. cAVMs 
may present with ICH, seizures, headache, and 
long-term disability [5]. Majority of cAVMs are 
superficial and supratentorial.

ICH: Annual incidence of hemorrhage of 
unruptured cAVM is 2–4%. About 38–71% of 
patients with cAVM present with ICH [6]. Age 
of presentation of ICH with cAVM is 20–40 
years. Risk factors for hemorrhage include (1) 
deep venous drainage (periventricular, galenic, 
or cerebellar) (2) flow-related nidal aneu-
rysm (3) deep seated AVM, and (4) infratento-
rial AVM.  Patients presenting with ICH may 
undergo emergency decompressive craniectomy 
in the presence of raised ICP features. History 
of ICH guides the need for therapeutic interven-
tion of cAVM.

Seizures [7]: 18–40% of patients with cAVM 
present with seizures. Most commonly associ-
ated seizures are generalized seizures (30%).

Headache: Headaches [8] occur in about 
5–14% of patients. Headache can be unilateral 
and bilateral and can have migrainous features 
with or without aura.

Focal neurological deficits (FND): 1–40% of 
patients with cAVM manifest with FNDs [9]. 
Pathophysiology of FNDs is multifactorial. They 
are (a) vascular steal phenomenon (b) venous 
hypertension. Vascular steal is centered around 

perinidal tissue. Venous dilatation may lead to 
mass effect and compression of brain tissue lead-
ing to FNDs. FNDs are independently associated 
with increasing age, female gender, deep brain 
location, and venous drainage pattern [10].

Question 6:
What are the diagnostic imaging modalities?

Answer:
Conventional DSA is the gold standard in the 
evaluation of cAVM angioarchitecture. Other 
initial modalities of imaging include—CT 
brain, CT angiography, MRI brain, MR angi-
ography [11].

Question 7:
What are the treatment modalities available for 
cAVM?

Answer:
Important decision-making process in choosing 
the treatment modality for cAVM is to compare 
the risks of all treatment modalities against the 
natural history risks of cAVMs. Management of 
cAVM involves either single modality alone or 
multimodal treatment involving medical man-
agement [12], microsurgical resection [12], ste-
reotactic radiotherapy [13], and endovascular 
embolization [14]. The factors that direct treat-
ment modality are operator skill, cAVM size and 

Nidus

Fig. 1.2 Digital 
subtraction angiogram 
of cAVM
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location, surgical or endovascular accessibility, 
venous drainage, and presence of nidal flow 
aneurysm. ARUBA (a randomized trial of unrup-
tured brain arteriovenous malformations) was 
the randomized controlled trial to assess surgical 
intervention versus medical management for 
unruptured cAVM.  Fallacy in study design, 
implementation, short length of follow-up, and 
insufficient information regarding the treatment 
arm and the recruitment process invalidated the 
authors’ conclusions [15].

Question 8:
Which is the mostly used grading system of 
cAVM in the context of micro-surgical resection?

Answer:
In 1986, Spetzler and Martin established a grad-
ing system (Table 1.2) for cAVMs based on the 
size of the nidus, location with respect to elo-
quent cortex, and venous drainage system [16].

Question 9:
What is the Spetzler Martin (SM) grading of 
cAVM of the above patient and what is the most 
suitable modality of treatment for him?

Answer:
SM grading of cAVM of the patient is

Size of cAVM is 1.6  ×  2.2  ×  2.6  cm3 SM 
score = 1, Location—non eloquent—SM score = 0, 

Pattern of venous drainage-superficial component 
only—SM score 0

SM grade of the cAVM is 1 since it is a 
low- grade AVM in a surgically resectable, non- 
eloquent right parieto-occipital area with a single 
feeding artery, and a superficial draining vein.

Question 10:
Discuss anesthetic consideration for a patient 
with cAVM planned for a surgical resection.

Answer:
Neuroanesthesiologist encounters patients with 
cAVM for preoperative investigation (CT/MRI or 
DSA), preoperative endovascular embolization, 
surgical resection, or stereotactic radiosurgery.

Anesthetic drugs and cerebral physiol-
ogy: Intravenous anesthetics reduce cerebral 
metabolic rate (CMR). There is also increase in 
vascular resistance resulting in decrease in cere-
bral blood flow (CBF). But most of the inhala-
tional anesthetics except nitrous oxide cause 
vasodilation, increased CBF, and decrease in the 
cerebral metabolic rate of oxygen (CMRO2). 
With normal anesthetic doses of inhalational 
agents, flow metabolism coupling is maintained 
[17]. Barbiturates, etomidate, and propofol may 
be used for brain protection during AVM emboli-
zation and/or surgical resection, when the brain is 
at the risk of focal ischemia [18].

Although not proved for each anesthetic, those 
that produce vasodilation may cause the steal 
phenomenon, and the anesthetics that constrict 
the vessels have the opposite effect, resulting in 
inverse steal, and may protect the brain or enhance 
the damage [19]. Effects of opioids on CBF, 
CMRO2, and ICP are variable, slow administration 
in titrated doses, with care to maintain mean blood 
pressure is recommended [20]. Muscle relaxants, 
with the exception of succinylcholine have least 
effects on CBF and CMRO2 as long as normocap-
nia is maintained, whereas succinylcholine causes 
an increase in ICP because of fasciculations [21].

Anesthesia for preoperative investigations: If 
the patient is a child or an uncooperative adult, 
monitored anesthesia care (MAC) or/and general 

Table 1.2 Spetzler Martin (SM) Grading Scale for 
cAVMs (this table is reproduced from Google images)

Characteristic
Number of points 
assigned

Size of AVM
Small (<3 cm) 1 point
Medium (3–6 cm) 2 points
Large (>6 cm) 3 points
Location
Non-eloquent site 0 points
Eloquent sitea 1 point
Pattern of venous drainage
Superficial only 0 points
Deep component 1 point

aSensorimotor, language, visual cortex, hypothalamus, 
thalamus, internal capsule, brain stem, cerebellar pedun-
cles, or cerebellar nuclei
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anesthesia is required for preoperative imaging 
(CT/MRI/DSA). In our institution, MAC with 
intravenous midazolam 0.02–0.05 mg/kg is fol-
lowed by intravenous infusion of propofol at the 
rate of 75 μg to 100 μg/kg/min. Injection mid-
azolam followed by intravenous dexmedetomi-
dine infusion at the rate of 0.02 μg to 1 μg/kg/h is 
also administered to patients for whom injection 
propofol is deemed unsuitable. Normoxia/nor-
mocarbia and ward blood pressures are main-
tained during MAC.  General anesthesia with 
airway intervention is administered to cases in 
which MAC is failed or to cases requiring preop-
erative nidus embolization to occlude surgically 
inaccessible arterial feeder or to decrease the size 
of the nidus preoperatively. Imaging is done 
either electively or on an emergency basis. 
During preoperative assessment, neurological 
status of the patient including clinical assessment 
of ICP, CBF, cerebral oxygenation, airway, fast-
ing status, and cardiovascular stability should be 
evaluated. Choice of anesthetic and technique of 
anesthesia is dictated by the clinical status of the 
patient at presentation.

Question 11:
What are the surgical considerations of cAVM?

Answer:
Standard surgical resection of cAVM involves 
microsurgical technique. The arterial feeders are 
tackled first, followed by excision of the nidus 
and finally resection of the draining veins. Veins 
are preserved till the very end of surgery [21]. 
Completeness of resection can be confirmed by 
intraoperative ultrasonography, intraoperative 
MRI, or DSA. If there is residual nidus, resection 
should be considered to avoid subsequent hemor-
rhage [21]. Stereotactic radiosurgery may also be 
considered for residual cAVM [22].

Question 12:
Discuss anesthetic management of surgical resec-
tion of cAVM

Answer:
Use of microsurgical technique combined with 
preoperative embolization and advanced neuro-

anesthesia techniques has enabled the total resec-
tion of cAVM, previously considered inoperable. 
General anesthesia is usually administered to 
patients undergoing surgical resection of 
cAVM.  However, awake craniotomy may be 
required to resect cAVM in eloquent areas of 
brain.

Preoperative evaluation and premedica-
tion: Resection of cAVM is rarely performed as 
an emergency procedure [23]. Hence thorough 
preoperative evaluation is feasible. Preexisting 
comorbidities should be optimally treated and 
controlled prior to surgery. Existence of neuro-
logical dysfunction secondary to ICH due to rup-
tured cAVM, oligemic stroke, or mass effect due 
to cAVM itself should guide the choice of anes-
thetics and perioperative monitoring techniques 
to optimize postoperative neurological outcome 
[24]. An important consideration throughout the 
operation is the potential for rapid and massive 
blood loss [25]. Since most of the resection sur-
geries are elective, we counsel and explain the 
patient in detail of the perioperative management, 
and hence, we reserve anxiolytic medication like 
midazolam to apprehensive adults and to pediat-
ric patients. Patients who have undergone preop-
erative embolization may have new onset 
neurological deficits [26], renal dysfunction [27] 
due to contrast used for angiography, and dehy-
dration secondary to contrast agents. Accurate 
patient history and examination, optimization of 
fluid balance, renal parameters, and preparedness 
with blood and blood products prior to anesthetic 
induction are absolutely necessary.

Anesthetic technique: Choice of anesthetic 
agents is mainly guided by the coexistent mor-
bidity. ICP is not a major concern as most of the 
cAVMs are operated on an elective basis [28]. 
Anesthetic agents whether intravenous or inhala-
tional are titrated to maintain normoxia, normo-
capnia, and preoperative hemodynamics. Smooth 
and rapid emergence from anesthesia is also cru-
cial for postoperative neurological assessment 
and avoidance of hemodynamic upheavals. The 
major differences between embolization and sur-
gery are the presence of noxious surgical stimula-
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tion and possibility of sudden and profuse blood 
loss. Thiopentone, etomidate, and propofol are 
used as induction agents, and in children, we use 
sevoflurane for induction. Hemodynamic 
response to laryngoscopy, application of may 
field clamp to head, skin incision, periosteal ele-
vation, and craniotomy should be anticipated and 
appropriate drugs like analgesics, local anesthet-
ics (scalp block or pin site infiltration), thiopen-
tone, propofol, and antihypertensives may be 
used. Careful patient positioning is essential to 
avoid nerve injury (padding pressure points), 
damage to eyes (eye padding and doughnut- 
shaped headrest), obstructed venous drainage 
(avoid excessive neck flexion and rotation), high 
airway pressure (avoid excessive neck flexion 
and rotation), and brain swelling (provide head 
end elevation). For awake craniotomy, we use 
MAC with injection dexmedetomidine. A bolus 
dose of 1 μg/kg/h is followed by an infusion of 
0.2–1 μg/kg/h. Once the patient is asleep scalp 
block with 0.25% bupivacaine and 1% lignocaine 
with adrenaline calculated as per patient’s body 
weight. After the craniotomy is completed, dex-
medetomidine infusion is either stopped or low-
ered to keep the patient awake and cooperative 
for neurological assessment during cAVM resec-
tion. Post resection, dexmedetomidine infusion is 
resumed to keep the patient sedated during crani-
otomy wound closure.

Cerebral injury: Cerebral injury is caused by 
either surgical or anesthetic causes. Neurosurgeon-
induced injury includes brain retraction, direct 
vascular injury (ischemia, thrombosis, and venous 
occlusion), and mechanical disruption of neuro-
nal tissue or white matter tracts [24]. Anesthesia-
induced injury may result in physiological 
trespass. Management goals should include 
ensuring brain relaxation and optimal systemic 
and cerebral hemodynamics, avoiding hypotonic-
ity, maintenance of euglycemia, and a smooth 
emergence from anesthesia [24].

Cerebral protection: Pharmacological: Intraop-
erative brain swelling is the most common 
indication for pharmacological cerebral protection 
[29]. We use injection propofol or thiopentone 

titrated to burst suppression guided by scalp elec-
troencephalogram (EEG). Avoid inhalational 
agents above mean alveolar concentration of 1. 
Use of appropriate vasopressors/inotropes and or 
intravenous fluids to maintain optimal cerebral 
perfusion pressure (CPP) is recommended [30]. 
Intraoperatively we assess volume responsiveness 
guided by pulse pressure variation (PPV). After 
optimizing the PPV values and hemoglobin 
values, we use intravenous noradrenaline infusion 
at the rate of 0.05–0.1 μg/kg/min when indicated. 
If the systemic blood pressure is suboptimal at the 
end of surgery, we assess cardiac function by 
transthoracic echocardiography (TTE) at the 
earliest opportunity and add appropriate inotropes 
to improve cardiac function. We continue to 
follow improvements in cardiac function and fluid 
status periodically by assessing inferior vena cava 
(IVC) diameter and TTE.

Non-pharmacological interventions: Head end 
elevation, avoidance of extreme neck flexion to 
avoid kinking of neck veins which facilitates venous 
drainage. Hyperventilation for a shorter duration 
taking care to avoid fall in PaCO2 below 30 mmHg. 
Hyperventilation may be guided by cerebral oxy-
genation monitors like near infrared spectroscope 
(NIRS) or jugular venous oximetry [31].

Question 13:
What are the perioperative complications of sur-
gical resection of cAVM and how are they 
managed?

Answer:
Intraoperative bleeding: Neuroanesthesiologist 
should be prepared for rapid and torrential bleed-
ing with blood and blood products.

Intraoperative brain swelling due to ICH may 
be tackled by techniques of pharmacological and 
non-pharmacological cerebral protection.

Intraoperative and postoperative brain edema 
and hemorrhage: Two propositions for the devel-
opment of brain edema and hemorrhage during 
and after surgery are normal pressure perfusion 
breakthrough (NPPB) and occlusive hyperemia. 
The NPPB hypothesis proposes that postop-
erative hemorrhage and edema are caused by a 
preexistent deranged autoregulation in the isch-
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emic brain around the AVM.  Chronic oligemia 
in brain surrounding cAVM may produce maxi-
mal chronic vasodilation, which results in failed 
or insufficient vasoconstriction in response to 
the reinstitution of normal perfusion pressure 
after the AVM has been resected. According to 
this hypothesis, the key to avoid postoperative 
hemorrhage and edema is staged reduction of 
blood supply to the malformation. However, a 
number of observations suggest that the details 
of this theory are not applicable to most cases of 
malignant postoperative hemorrhage and edema. 
Some studies showed preserved autoregulation in 
the region surrounding a cAVM both before and 
immediately after its resection, and such cases 
went on to develop edema and hemorrhage. This 
observation argues against the theory of impaired 
autoregulation leading to NPPB. It has also led to 
the proposal of an alternative hypothesis termed 
“occlusive hyperemia.” This proposal postulates 
that malignant postoperative hemorrhage and 
edema are caused by either arterial stasis and 
obstruction or venous outflow obstruction, sec-
ondary to resection of cAVM. Consequences of 
NPPB like cerebral edema and hemorrhage are 
diagnosed by brain imaging, whereas occlusive 
hyperemia is diagnosed by DSA. NPPB requires 
lowering of MAP and antiedema measures. In 
our institute, MAP is maintained at 70–80 mmHg 
with labetalol infusion at the rate of 1–2 mg/min. 
We use clinical examination and NIRS to monitor 
cerebral oxygenation during labetalol infusion. 
When occlusive hyperemia is established, patient 
is hydrated to euvolemia, and MAP is maintained 
at 90–100  mmHg. Fluid infusion is guided by 
periodic TTE and/or IVC diameter assessments. 
Vasopressors and or inotropes are used to main-
tain desired MAP as and when needed.

Question 14:
How do you use bedside multimodality monitor-
ing in the management of a case of cAVM?

Answer:
Perioperative bediside multimodality monitoring 
includes.

Preoperative monitoring: CBF velocities in 
feeding arteries are higher than in normal arteries 
remote from cAVM, and their pulsatality indices 

are lower than normal arteries [32]. Autoregulation 
may or may not be intact in the feeding arteries 
[33]. Jugular venous oximetry of the dominant 
jugular bulb demonstrates higher than normal 
(usually >70) jugular venous oxygen saturation as 
a result of shunting of arterial and venous blood 
without gas exchange occurring at nidus [34]. 
NIRS in the frontal region may display rSO2 > 70 
when the NIRS sensor picks up signals from 
shunted blood which is rich in oxyhemoglobin 
[35]. NIRS may display rSO2 < 40 if it picks up 
signals from surrounding oligemic brain.

Intraoperative monitoring: We monitor cerebral 
oxygenation using jugular oximetry or NIRS. EEG, 
somatosensory-evoked potentials and motor-evoked 
potentials are monitored for the detection of isch-
emia. We titrate hemodynamics when global sup-
pression of cerebral oximetry and neurophysiological 
parameters occur. In the event of regional variation 
of cerebral oxygenation, EEG, and evoked poten-
tials, neurosurgeon is warned about the changes, and 
appropriate measures of cerebral protection are exe-
cuted. Intraoperative ultrasonography [36] (Fig. 1.3) 
or neuronavigation is gaining popularity because of 
their ability to localize the cAVM and also help to 
determine the extent of final resection. Intraoperative 
indocyanine green injection and examination under 
microscope also helps to determine the extent of 
resection of cAVM. Intraoperative DSA is the gold 
standard technique both for localization and to detect 
the presence of residual nidus.

Postoperative monitoring: Substantial fall in 
cerebral oximetry and jugular oximetry from 
baseline indicates significant shunt fraction 
reduction of cAVM [35]. Shunt fraction reduc-
tion is a reliable predictor of postoperative NPPB 
[37]. Increased CBF velocities demonstrated by 
TCD also indicates hyperemia.

Multiple Choice Questions:
 1. Which of the following is not a component of 

cAVM?
 (a) Feeding artery
 (b) Draining vein
 (c) Nidus connecting artery to vein
 (d) Capillary-plexus connecting artery to 

vein
Answer: d
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Explanation: cAVMs are anomalies of intra-
cranial vessels where an abnormal connection 
exists between the arterial and venous systems, 
and they lack normal capillary angio- structure. 
cAVM has a single or multiple feeding arteries 
and a single or multiple draining veins. In cAVM, 
arteries are directly connected to veins without 
intervening capillary bed.

 2. Which of the following is the definitive cura-
tive modality of treatment for cAVM?
 (a) Microsurgical resection
 (b) Stereotactic radiosurgery
 (c) Embolization
 (d) Medical management
Answer: a

Explanation: Microsurgical resection 
involves excision of all components of cAVM, 
namely feeding artery, draining vein, and the 
nidus. Whereas other modalities of treatment 
decrease the shunt fraction, but new feeder 
arteries may recruit with time when residual 
nidus exists.

 3. NPPB is a postoperative complication of
 (a) Cerebral aneurysm
 (b) cAVM
 (c) Moyamoya disease
 (d) Pituitary apoplexy
Answer: b

Explanation: Chronic oligemia in brain 
surrounding cAVM may produce maxi-
mal chronic vasodilation, which results 
in failed or insufficient vasoconstriction 
in response to the reinstitution of normal 
perfusion pressure after the AVM has been 
resected. Such a phenomenon is known as 
NPPB.  It is not seen with conditions a, c, 
and d.

 4. Which of the following regarding multimodal-
ity monitoring in a patient with cAVM is 
incorrect?
 (a) Increased CBF velocities as measured by 

transcranial Doppler in feeding artery
 (b) Jugular venous oximetry (SjvO2) of 

<40
 (c) Oligemia surrounding nidus on DSA
 (d) Raised ICP in a longstanding cAVM
Answer: b

Explanation: Jugular venous oximetry of 
the dominant jugular bulb demonstrates higher 
than normal (usually >70) jugular venous oxy-
gen saturation as a result of shunting of arte-
rial and venous blood without gas exchange 
occurring at nidus

Nidus

Fig. 1.3 Intraoperative 
ultrasonography 
showing nidus
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Management of Patient 
with Brachial Plexus Injury

Hossam El Beheiry

Stem Case
A nonobese 68-year-old female presented with 
left-sided hearing loss and vertigo. MRI study 
showed a left cerebellopontine angle tumor hav-
ing features of a large vestibular schwannoma 
3.5 cm in size. There was no evidence of ob-
structive hydrocephalus or trigeminal involve-
ment. She has been a non-insulin-dependent 
diabetic for 20 years with the evidence of pe-
ripheral neuritis in the upper and lower limbs. 
The blood sugar was controlled with oral hy-
poglycemics and her latest HBA1C was 7.6%. 
Other laboratory tests were normal. She also 
had incidentally diagnosed left cervical rib. The 
patient consented for a left suboccipital craniot-
omy for tumor excision. After she was intubated 
with a 7.5 mm endotracheal tube, an arterial and 
central line were inserted in the left radial and 
right internal jugular vein, respectively. She was 
then placed in the right park-bench position. A 
three-point head fixation device was applied, the 
patient was turned on her side and the shoulder 
contralateral to the lesion supported by a roll in 
the axilla; the ipsilateral shoulder was rolled for-
ward and pulled down with tape. The head was 

kept in a relatively neutral position. The depen-
dent arm was suspended by a sling in the crook 
of the Mayfield attachment. All pressure points 
were carefully padded, and the patient head was 
slightly elevated with a reverse Trendelenburg 
position. The tumor was totally removed. The 
surgical duration was 14 h. The position of the 
patient was changed few times in a right or left 
tilt along the longitudinal axis of the body. The 
mean arterial blood pressure was maintained 
at 70–80 mmHg. She had about 6000 mL IV 
Ringer’s lactate and maintained normal urine 
output. The estimated blood loss was 400 mL, 
and no blood transfusions were necessary. After 
removal of the drapes, the contralateral shoulder 
was found to be posteriorly displaced. The pa-
tient was kept intubated and transferred to the 
ICU where she was extubated the next day.

Few hours after extubation, the patient com-
plained of weakness in her right hand. Physical 
examination showed weak grip 1/5 of the right 
hand. The right hand attained a claw-like posi-
tion with hyperextension at the metacarpopha-
langeal joints and flexion at the interphalangeal 
joints. Additionally, there was a narrow zone 
of lost sensation along the ulnar border of the 
forearm and hand. Nerve conduction studies 
confirmed BPI on the right side involving C8 
and T1 distribution. The studies also indicated 
that the type of injury is probably at the level of 
the trunks involving the lower trunk (Fig. 2.1). 
Neurosurgery was consulted, and conserva-
tive treatment was recommended. The patient 
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was discharged with weakness, paresthesia, 
and mild to moderate pain in the right hand. 
Extensive physiotherapy was performed. The 
patient’s hand weakness improved slowly over 
9 months and full motor power returned within 
12 months with residual paresthesia.

2.1  Preoperative

Question 1:
What is the incidence of PNI?

Answer:
The incidence is not precisely known due to 
the absence of a reliable denominator and pos-
sible underreporting of PNI.  Retrospective 
studies quoted 0.03–1.4% perioperative PNI 
[1]. It should be noted that some of these stud-
ies included patients who received neuraxial or 
peripheral plexus or single nerve blockade. Ulnar 
nerve, brachial plexus, and lumbosacral root 

injuries represent 28%, 20%, and 16%, respec-
tively, of the total PNI events. Perioperative inju-
ries to the sciatic, median, radial, and femoral 
nerves are less common. PNI in many cases have 
undetermined etiology or mechanism, e.g., 90% 
of ulnar nerve injuries [2].

Question 2:
What are the preoperative risk factors for PNI in 
this patient? Mention the risk factors for brachial 
plexus nerve injury during anesthesia and surgery.

Answer:
The preoperative risk factors for the brachial nerve 
injury in this case include preexisting diabetes and 
diabetic peripheral neuropathy, and the presence 
of cervical rib on the same side of injury. Other 
perioperative factors include  park- bench position 
including abduction, posterior displacement of the 
shoulder, and increased surgical duration.

The perioperative risk factors are summarized 
in Table 2.1 [3].

C5

C6

C7

C8

T1

Roots

Trunks

Divisions

Cords

Branches

Medial cutaneous
nerve of the arm Medial cutaneous

nerve of the forearm

Median nerve

Ulnar nerve

Musculocutaneous
nerve

Radial nerve

Axillary nerve

1

3

2

4

5

6

M

I

S

L

P

M

Fig. 2.1 Anatomy of 
the brachial plexus. The 
roots combine to form 
superior (S), middle 
(M), and inferior (I) 
trunks. Each trunk 
divides into anterior and 
posterior divisions. 
Posterior divisions unite 
to form the posterior 
cord (P). Anterior 
divisions of the superior 
and middle trunks unite 
to form the lateral cord 
(L). Anterior division of 
the inferior trunk 
continues to be the 
medial cord (M). The 
important nerves that 
originate proximal to the 
terminal branches 
include long thoracic 
nerve (1), dorsal 
scapular nerve (2), nerve 
to subclavius (3), 
subscapular nerve (4), 
pectoral nerve (5), and 
thoracodorsal nerve (6)
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Question 3:
Mention the neurologic effects of the presence of 
cervical rib.

Answer:
A cervical rib represents a persistent ossifica-
tion and elongation of the transverse process of 
C7. The long transverse process can develop into 
full-size extra rib or fuse with the T1 rib.

Cervical ribs can cause a neurogenic type of 
thoracic outlet syndrome due to compression 
of the lower trunk of the brachial plexus [4]. 
Compression of the lower trunk of the brachial 
plexus causes weakness (weak grip) and some-
times atrophy of the thenar and hypothenar mus-
cles. Additionally, sharp, burning, or aching pain 
can be present in the ulnar aspect of the arm and 
hand and reduced sensation to light touch in the 
fourth and fifth fingers. Patients may have pain 
in the side of the neck, the infraclavicular area, 
the axilla, and the upper back. Discoloration and 
coldness of the ipsilateral hand are not uncom-
mon. If the upper trunk of the brachial plexus is 
involved, pain and paresthesias are experienced 
on the neck, shoulder, and face. Paresthesias radi-
ate into the lateral arm and simulate fifth or sixth 
cervical nerve root compression.

2.2  Intraoperative

Question 4:
Discuss the common BPIs related to intraopera-
tive patient positioning.

Answer:
The brachial plexus and its terminal branches are 
vulnerable to injury because of intraoperative 
malpositioning. The most common intraoperative 
injuries include ulnar nerve, upper/middle trunk, 
and lower trunk injuries [5].

Ulnar nerve injury: The incidence of intra-
operative positioning-related ulnar nerve injury 
is between 1:215 and 1:385. If the ulnar nerve 
is subjected to injury, pain, paraesthesia, and/
or weakness in its distribution usually occur in 
the immediate or early postoperative period. 
Ulnar nerve function recovers within 6 weeks 
in 50% of cases; however, the remaining 50% 
usually recovers within 24  months. Patients 
typically complain of numbness and/or pain 
in the ulnar- side of the hand (small finger and 
ulnar aspect of the ring finger). Additionally, 
motor functional impairment can be present 
in the form of clumsiness and loss of dexter-
ity due to weakness of the intrinsic muscles of 
the hand.

Upper/middle trunk injury (C5/6): Such inju-
ries have an overall incidence of approximately 
1:2000. They present with motor deficit in the 
C5/C6 myotomes, often without sensory deficits. 
There is weakness of shoulder abduction and 
elbow flexion. The upper trunk is most at risk of 
stretch during prolonged and excessive shoulder 
depression and can be exacerbated by contralat-
eral neck flexion. Full recovery is expected in 
about 80% of patients.

Lower trunk injury (C8/T1): It can compli-
cate up to 1:20 cases of median sternotomy in 
cardiac surgery due to traction of the first rib 
against the lower trunk. Also, the lower trunk 
can be vulnerable during prolonged and exces-
sive shoulder abduction (>90°), contralateral 
head rotation >20°, and when the arms are 

Table 2.1 Perioperative risk factors for brachial plexus 
injury

Preoperative factors Intraoperative factors
Preexisting diseases Positioning
  Diabetes   Shoulder/arm 

abduction >90°
  Hypothyroidism   Steep Trendelenburg
  Acromegaly   Posterior shoulder 

displacement
  Neuropathy   External arm rotation
  Polyarteritis nodosa   Rotation of head >20°
  Herpes zoster Anesthesia and surgery
Preexisting abnormal 
anatomy

  Long duration

  Anomalous nerve root 
origins

  Sternotomy

  Cervical rib   Hypotension
  Shoulder deformity   Hypothermia
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positioned below the height of the torso. Injury 
leads to numbness and may be pain in the dis-
tribution of the ulnar nerve. Motor impairment 
follows median and ulnar nerve distribution in 
the form of weak finger and thumb flexion as 
well as weakness in the small muscles of the 
hand.

Question 5:
Propose recommendations related to periopera-
tive positioning to prevent BPIs?

Answer:
Several recommendations have been pro-
posed for protecting the brachial plexus from 
injury during intraoperative positioning including 
[6, 7]:

• In the supine position, avoid extension and 
external rotation of the arm by limiting abduc-
tion to <90° and placing the arm supinated in 
the neutral position.

• In the prone position, avoid extreme arm 
abduction by tucking in and padding the arms 
by the patient’s side, rather than abducting the 
arm above the head by more than 90°. 
Alternatively, the arms can be flexed at the 
elbow and the forearms placed on arm boards 
at a level lower than the torso and the upper 
arm placed almost vertical, and adducted 
without posterior displacement of the 
shoulder.

• In steep Trendelenburg position, tuck the 
arms in at the patient’s side with draw sheets. 
Use “Butterfly Steep Trendelenburg Bean 
Bag Positioner” to support the patient and 
prevent the body from sliding cephalad. 
Using wrist suspensions or shoulder braces 
to prevent cephalad sliding increases the risk 
of BPI.

• In the lateral decubitus position, always use an 
axillary-chest roll and avoid suspension of the 
arm from an L-shaped bar or a sling.

• In any position, always keep the head in neu-
tral position. Excessive rotation and lateral 
flexion of the neck can dangerously stretch the 
contralateral brachial plexus.

Question 6:
What are the anesthetic considerations and man-
agement if this patient had to undergo major bra-
chial plexus exploration and repair?

Answer:
Major brachial plexus exploration and repair is a 
lengthy procedure. Hence, general anesthesia is 
usually preferred. Table 2.2 shows the anesthetic 
consideration and actions that can be done to pro-
vide safe anesthesia for those patients with pro-
longed surgery that may involve microvascular 
techniques [8, 9].

2.3  Postoperative

Question 7:
Discuss the clinical anatomy of the brachial 
plexus.

Answer:
The brachial plexus consists of a complex sys-
tem of nerves [10]. It passes through the posterior 
triangle of the neck into the axilla. The brachial 
plexus is bounded anteriorly by the anterior sca-
lene muscle, posteriorly by the mid scalene mus-
cle, and inferiorly by the outer border of the first 
rib. It is a complex intercommunicating network 
of nerves formed in the neck by the anterior rami 
of the spinal nerve roots C5, C6, C7, C8, and T1. 
Figure 2.1 summarizes the structure of the brachial 
plexus including roots, trunks, divisions, cords, and 
terminal branches. Various branches of the subcla-
vian artery supply the brachial plexus along its 
length, i.e., vertebral artery; spinal arteries supply 
the roots; ascending and deep cervical arteries and 
superior intercostal artery supply the trunks and 
divisions; and the axillary artery supplies the cords.

It supplies sensory innervation to the upper 
limb and most of the axilla except a small area in 
the medial upper arm and axilla (supplied by the 
intercostobrachial nerve).

It delivers motor innervation to the muscles of 
the upper limb and shoulder girdle except the tra-
pezius muscle (supplied by the spinal accessory 
nerve).
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It also supplies autonomic innervation to the 
upper limb by receiving sympathetic fibers from 
the stellate ganglion. Such autonomic supply has 
vasomotor, pilomotor, and secretomotor functions.

Question 8:
Classify BPIs.

Answer:
BPI is classified into three lesions: preganglionic, 
postganglionic, and mixed pre- and postgangli-
onic [11]. A preganglionic lesion signifies avul-
sion of nerve roots, whereas a postganglionic 
lesion involves the nerve structure distal to the 
sensory ganglion. Postganglionic lesions can be 
in the form of nerve rupture or nerve injury in 
continuity.

Preganglionic injuries: Because it results from 
avulsion proximal to dorsal root ganglion, it does 

not regenerate. There is little potential for motor 
function recovery. Signs suggesting pregangli-
onic injury include Horner’s syndrome (ptosis, 
meiosis, anhidrosis of the cheek, and enophthal-
mos) due to disruption of sympathetic chain, 
winged scapula medially due to loss of motor 
fibers to serratus anterior through the long tho-
racic nerve, and rhomboids through the dorsal 
scapular nerve, flail arm, absence of a Tinel sign 
or tenderness to percussion in the neck, normal 
histamine test, i.e., intact triple response (red-
ness, wheel, and flare), and elevated hemidia-
phragm (phrenic nerve palsy), and evaluation by 
EMG may show loss of innervation to cervical 
paraspinals.

Postganglionic injuries: Because it is dis-
tal to the dorsal root ganglion, it involves the 
peripheral nervous system. Hence regeneration 
and better prognosis are possible. It presents 

Table 2.2 Anesthetic considerations for prolonged brachial plexus repair

Anesthetic 
consideration Action
Pressure care Use of thick foam (3–4″) on top of the OR table mattress

All dependent areas such as the heels, elbows, and occiput should be additionally protected 
by fluid filled bags or pillows
All sites, where nerves lie superficially over bone, should be inspected and protected

Temperature control Falls in core temperature must be vigorously treated
Avoiding a skin/core temperature gradient during grafting
Use forced air warming systems
Use fluid warmers for IV fluids
Use warmed irrigation solution

Fluid therapy and 
avoid hypotension

Maintain euvolemia
Urinary catheterization is necessary for bladder decompression and urine output monitoring
Arterial line may be necessary for blood pressure control and blood sampling

Prolonged 
ventilation

Maintain normocapnia
Use lung protective ventilation strategies

Metabolic changes Control blood sugar
Maintain normal acid–base balance

Neuromuscular 
junction monitoring

Maintain 2/4 twitches for possible EMG monitoring

DVT prophylaxis Use of intermittent pneumatic compression devices
Use of unfractionated heparin or low-molecular weight heparin per institutional protocols

Pain control Intraoperative long-acting opioids
Postoperative PCA in case of large incisions

Immune status N2O may be avoided to prevent granulocyte and B- and T-immune cells depression
Personnel staffing 
and vigilance

To prevent failure of care, work in a “shift” pattern
Plan to provide adequate number of anesthetists
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with both motor and sensory deficits accord-
ing to the postganglionic fibers disrupted 
(Table 2.4), abnormal histamine test (only red-
ness and wheal, but no flare), and evaluation 
with EMG shows maintained innervation to cer-
vical paraspinals.

Question 9:
Discuss BPI syndromes.

Answer:
BPI syndromes can be described according to the 
anatomical part that sustained injury (Table 2.3). 
Upper BPI (Erb–Duchenne palsy) is caused by 
difficult child birth, Burner syndrome, motor 
biking accidents, reduction of shoulder dislo-
cations, direct trauma, e.g., injury by fractured 
clavicle, gunshot wounds, or stabbing. Lower 
BPI (Klumpke’s palsy) is caused by difficult 
child birth, falling person grabbing on a tree, 
motor biking accidents, and direct trauma, e.g., 

injury by fractured clavicle, gunshot wounds, or 
stabbing.

Table 2.4 Motor and sensory loss in brachial plexus 
injury

Injury Gross motor loss Sensory loss
C5/C6 Shoulder abduction Thumb

Shoulder lateral 
rotation

Index finger

Elbow flexion
(± wrist extension)

C5/6/7 As above As above
Elbow extension Middle finger
Wrist extension
Finger and thumb 
extension

C8/T1 Loss of wrist flexion Medial forearm
Finger and thumb 
flexion

Little finger

Middle finger

C5−T1 Flail upper limb Multiple 
dermatomes

Table 2.3 Brachial plexus injury syndromes

Syndrome Mechanisms Nerves injured Features
Upper plexus injurya 
(C5/6 ± C7)

Excessive lateral neck 
flexion

Musculocutaneous Loss of shoulder abduction, 
external rotation

Excessive shoulder 
depression

Axillary Loss of elbow flexion

Suprascapular Loss of wrist supination
Nerve to 
subclavius

“Waiter’s tip” position

Radial
Lower plexus injuryb 
(C8/T1)

Excessive traction of 
abducted shoulder

Median Loss of MCPJ flexion

Ulnar Loss of IPJ extension
Loss of fingure abduction, 
adduction, and opposition
Loss of wrist flexion
“Claw hand” deformity
Sensory loss of medial aspect 
forearm and hand

Total palsy (C5−T1) Sever and complex traction 
injuries

Entire brachial 
plexus

Flaccid arm

Paraesthesia of upper limb
Posterior cord injury Direct injury Subscapular nerves Loss of arm extension

Thoracodorsal Loss of elbow extension
Axillary Loss of wrist extension
Radial

MCPI indicates metacarpal phalangeal joint, and IPJ indicates interphalangeal joint
aUpper plexus injury (Erb–Duchenne palsy syndrome) includes superior trunk (C5/6) ± middle trunk (C7)
bLower plexus injury (Klumpke’s palsy) includes the inferior trunk (C8/T1)
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Also, injuries of the plexus can be 
described by the loss of motor function and 
sensations following dermatomal distribu-
tions (Table 2.4) [12].

Question 10:
What is Seddon’s classification of nerve injury?

Answer:
Seddon in 1942 classified nerve injuries into 
three classes according to the extent of damage to 
axons and surrounding connective tissue layers. 
The classification has a prognostic significance 
and can help in planning treatment strategies 
[13]. In 1951, Sunderland expanded Seddon’s 
classification to five degrees of PNI.

Neuropraxia (Sunderland type 1): There is no 
anatomical disruption. There is a localized tran-
sient electrophysiologic conduction block along 
the injured nerve without distal Wallerian degen-
eration. Clinical presentation is variable, but often 
it is associated with motor paralysis with residual 
sensory or autonomic function. Nerve conduc-
tion studies show a conduction block at the level 
of the injury. Good prognosis is expected with 
full recovery in 2–3  weeks. Conservative treat-
ment is indicated.

Axonotmesis (Sunderland types 2, 3, and 
4): There is anatomical disruption in the form 
of axonal damage within the nerve with axonal 
degeneration and myelin sheath, but endoneurial 
tubes and surrounding connective tissue elements 
remain intact. Distal Wallerian degeneration may 
occur in severe axonotmesis. Clinical presenta-
tion is in the form of complete muscle paralysis 
with progressive atrophy and complete sensory 
deficits. Nerve conduction studies show absent 
distal nerve conduction, absent motor unit action 
potential, and muscle fibrillation. Prognosis is 
fair with possible full recovery without surgery. 
Axons will grow by 1 mm/day; hence, full recov-
ery may take weeks to months with possible 
residual deficits.

Neurotmesis (Sunderland type 5): There is 
complete anatomical disruption of the endoneu-
rium, perineurium, and epineurium with com-
plete nerve division. Wallerian degeneration 
occurs distal to the injury, usually caused by 

direct trauma to the nerve, i.e., open injuries and 
surgical transection. Prognosis is poor, and sur-
gery is indicated. Full recovery is unlikely even 
with surgery.

Question 11:
Discuss brachial plexus neuritis syndrome.

Answer:
Acute brachial plexus neuritis syndrome is an 
uncommon disorder of unknown etiology that 
is easily confused with other neck and upper 
extremity abnormalities, such as cervical spondy-
losis and cervical radiculopathy [14]. Traumatic, 
viral, and inflammatory causes have been impli-
cated. It also has idiopathic and inherited forms 
that can be triggered by injury to the plexus. It 
is characterized by severe shoulder and upper 
arm pain followed by marked upper arm weak-
ness. Pain always precedes weakness. Magnetic 
resonance imaging of the shoulder and upper arm 
musculature may reveal denervation within days. 
EMG can localize the lesion within 2–4  weeks 
of the onset of symptoms. Supportive treatment 
is indicated including analgesics, physiotherapy, 
and corticosteroids. Symptoms usually resolve in 
3–4 months.

Question 12:
What is Tinel sign?

Answer:
Tinel sign is a tingling sensation elicited by slight 
percussion of a nerve trunk following an injury. 
The sensation radiates into the cutaneous distri-
bution of the specific nerve and signifies the pres-
ence of regenerating nerve fibers.

Brachial plexus tapping in the posterior tri-
angle of the neck may evoke several different 
responses [15]:

 (a) No response at all implies preganglionic 
injury of the root assessed.

 (b) Pure local pain implies that there is an under-
lying recovering lesion.

 (c) Pure Tinel sign means that the lesion is in 
anatomical continuity, and sequential record-
ings can demonstrate progression of recov-
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ery. Roots C5 and C6 are the most superficial, 
and hence, the test can be most easily applied 
to these. Roots C7, C8, and T1 can occasion-
ally be difficult to assess. A Tinel sign elic-
ited in one nerve distribution when tapping 
on another nerve should not give a mislead-
ing diagnosis as this is due to the regenerat-
ing axons growing down the wrong 
endoneurial tubes; this is a feature of traction 
lesions.

 (d) Pain elicited in the distribution of the nerve 
when tapping. This is called the “neuroma 
sign” which indicates a disruption of the con-
tinuity of the whole nerve.

Question 13:
What are the symptoms and signs of periopera-
tive BPI?

Answer:
Alarming symptoms include persistent weakness 
or heaviness of an arm. Additionally, neck pain, 
dysesthesias (an unpleasant, abnormal sense of 
touch), and paresthesia in the neck or arm should 
alert the anesthesiologist to possible BPI [16, 17].

An upper BPI involves C5 and C6. It causes of 
the shoulder muscles and biceps. When the dam-
age extends to C7, it leads to weak wrist. A lower 
BPI involves C8 and T1. It causes weakness of 
the forearm flexor and the intrinsic muscles of the 
hand. Injuries to the cervical sympathetic trunk 

cause Horner syndrome. Clinical recognition of 
major terminal branches of BPI is summarized in 
Table 2.5 [16, 17].

Physical examination should also include pal-
pation of Tinel sign testing (see answer to question 
12), Erb’s point palpation, and Spurling test [18]. 
Erb’s point represents the fusion of C5 and C6. It 
is located 2–3 cm above the mid-clavicular point. 
Palpation of Erb’s point elicits tenderness in cases 
of BPI. Spurling test is performed by extending 
the neck and rotating the head toward the affected 
arm. In this position, downward pressure applied 
to the head reproduces symptoms in the arm on 
the same side to which the head is rotated. Positive 
test may indicate cervical radiculopathy rather 
than BPI. This test has high specificity but low 
sensitivity.

Question 14:
Are there any clinical utility for electrophysi-
ologic studies in the management of BPI?

Answer:
Electrophysiologic studies may confirm the diag-
nosis of BPI, identify the location of the lesions, 
and determine the severity of the nerve injury 
[12]. EMG and nerve conduction velocity (NCV) 
studies may be performed 3–4  weeks after the 
injury. Serial testing in conjunction with repeated 
physical examination for several weeks can doc-
ument and quantify nerve recovery.

Table 2.5 Simplified clinical scheme to identify injuries to major terminal branches of the brachial plexus

Terminal branch Muscles affected Main motor and sensory deficits
Musculocutaneous Biceps, brachialis Weakness of elbow flexion
Ulnar Flexor carpi ulnaris Weakness of wrist and fingers flexion

Intrinsic hand muscles Weakness of finger abduction/adduction
Numbness over little and ring fingers

Median Forearm pronators Forearm kept in supination
Flexors of wrist and fingers Weakness of wrist flexion

Weakness of thumb abduction
Numbness of lateral three-and-half fingers

Radial Supinator Wrist drop
Triceps brachii Weakness of thumb and fingers extension
Extensors of wrist and fingers Numbness of posterior surface of forearm

Axillary Deltoid, teres minor Weakness of shoulder abduction
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EMG tests muscles at rest and during activ-
ity. Denervation changes (fibrillation potentials) 
can be seen as early as 1–2  weeks after injury 
in proximal muscles and as late as 3–6 weeks in 
distal muscles. The presence of voluntary motor 
unit potentials with limited fibrillation potentials 
 signifies better prognosis than the cases where 
there is absence of motor unit potentials and 
many fibrillation potentials.

NCV studies are performed along with EMG. In 
posttraumatic BPIs, the amplitude of compound 
muscle action potentials is generally low and is 
related to the total amount of functional muscle 
fibers. Sensory nerve action potentials (SNAPs) are 
very important in localizing a lesion as pregangli-
onic or postganglionic. In preganglionic injuries, 
there are normal SNAPs in an anesthetized der-
matome while muscle action potentials are absent. 
SNAPs will be absent in a postganglionic or com-
bined pre- and postganglionic lesion.

Question 15:
Mention the indication for surgical exploration 
and repair in BPI.

Answer:
Any BPI which has not shown substantial spon-
taneous recovery in 3 months should be explored 
[19]. Timing is crucial due to the eventual loss 
of neuromuscular end plates at 20–24  months 
after denervation which makes the neuromuscu-
lar junction increasingly incapable of accepting 
reinnervation. The best time for surgery depends 
on the mechanism and type of injury. If there is 
an unequivocal evidence of preganglionic injury 
with spinal nerve root avulsions, there is no ratio-
nale in waiting, and surgery for nerve transfer is 
undertaken as soon as possible. However, if there 
is a postganglionic injury, it is prudent to wait for 
3–4 months for spontaneous recovery.

Multiple Choice Questions
 1. Middle trunk results in:

 (a) Radial nerve distribution problems
 (b) Erb’s palsy
 (c) Klumpke’s palsy
 (d) Brachial neuritis syndrome
Answer: a

 2. Which of the following describes the state-
ment: the nerve fibers distal to the injury 
degenerate, but the bulk of the nerve is intact.
 (a) Neurapraxia
 (b) Axonotmesis
 (c) Neurotmesis
 (d) Sunderland type 5 nerve injury
Answer: b

 3. Patient presents with claw hand. What nerve 
has been affected?
 (a) Long thoracic nerve
 (b) Median nerve
 (c) Ulnar nerve
 (d) Musculocutaneous nerve
Answer: c

 4. Which of these nerves have been injured if the 
patient cannot abduct their arm?
 (a) Radial nerve
 (b) Ulnar nerve
 (c) Axillary nerve
 (d) Suprascapular nerve
Answer: c

 5. The posterior cord of the brachial plexus gives 
rise to the following nerves:
 (a) Thoracodorsal nerve
 (b) Axillary nerve
 (c) Radial nerve
 (d) All of the above
Answer: d
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Management of Patient with Brain 
Abscess

Suman Rajagopalan

Stem Case Terminology
A 24-year-old female with chronic otitis 
media presents to the emergency depart-
ment with fever, headache, and vomiting for 
2  days and an episode of generalized tonic-
clonic seizure an hour ago. Her examination 
showed normal consciousness, weight 54 kg, 
heart rate of 96 beats/min, blood pressure of 
128/80 mmHg, respiratory rate of 20 breaths/
min, and SpO2 of 98% in room air. Computed 
tomography (CT) of the brain revealed a 
3 cm × 2.6 cm space-occupying lesion in the 
frontal region of the brain that was consistent 
with brain abscess.

Question 1:
What is the etiology of brain abscess?

Answer:
Brain abscess is a localized collection of pus 
within the brain parenchyma. The incidence 
ranges from 0.4 to 0.9 cases per 100,000 popula-
tions. It constitutes about 8% of the intracranial 
masses in the developing countries and about 
1–2% of the masses in the developed countries 
[1]. It is more common in the first three decades 
of life.

Organism causing the brain abscess can enter 
the brain by [2]

• Contiguous spread from the adjacent site of 
infection like the paranasal sinuses, mastoid, 
or teeth.

• Hematogenous seeding in patients with pul-
monary infections, abdominal or pelvic infec-
tion, bacterial endocarditis, or congenital 
cyanotic heart disease (CHD).

• Direct inoculation as in trauma or as a compli-
cation of neurosurgical procedures.

In recent years, immunosuppression second-
ary to human immunodeficiency virus infection 
has become an important predisposing factor 
for brain abscess. However, in 20–40% of the 
patients, brain abscess has occurred without any 
predisposing factor or identifiable source.

Question 2:
Describe the pathogenesis of brain abscess?

Answer:
The organism is inoculated into the brain paren-
chyma in the area of devitalized brain tissue or 
in the region of poor microcirculation. Abscess 
usually occurs in the white matter or at the junc-
tion of grey and white matter. The early lesion 
(first 2 weeks) is poorly demarcated and is usu-
ally associated with edema around the site. This 
is called the “stage of cerebritis” [3]. The brain 
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cells are destroyed; necrosis and liquefaction 
occur. A capsule is formed around the lesion, 
and the abscess is localized to a specific site. 
It takes about 2 weeks for the encapsulation to 
occur.

Question 3:
What are the common organisms isolated from 
the brain abscess? Why is this important?

Answer:
The most common organisms isolated from the 
brain abscess are Streptococcus viridans and 
Staphylococcus aureus [4]. The type of organism 
found in the abscess depends on the predisposing 
condition or on the primary source of infection. 
It is important to identify the organism as the 
treatment can be specifically directed toward the 
organism causing the infection [5].

Primary infection source Pathogen
Otogenic Streptococcus, 

Enterobacteriaceae, 
Bacteroides

Paranasal sinuses Streptococcus, Bacteroides, 
Haemophilus

Dental Streptococcus, Bacteroides, 
Fusobacterium

Trauma/post- 
neurosurgical 
procedures

Staphylococcus aureus, 
Enterobacter, Streptococcus

Endocarditis Streptococcus viridans, 
Staphylococcus aureus, 
enterococci

Immunocompromised Toxoplasma gondii, Listeria 
monocytogenes, nocardia 
asteroides, fungal 
(Aspergillus, Cryptococcus, 
Coccidioides, Histoplasma)

Congenital cyanotic 
heart disease

Streptococcus, Haemophilus

Question 4:
Discuss the clinical presentation of a patient with 
brain abscess?

Answer:
Headache is the most common initial symptom 
of brain abscess. Fever may be present depend-
ing on the source of infection. As the abscess 
enlarges and becomes more organized, it can 

compress the adjacent structures causing focal 
neurological deficits [6]. These three symptoms 
(headache, fever, and neurological deficits) are 
believed to be the classic triad of brain abscess 
but have been identified in only 20% of the 
patients.

A large abscess can also cause an increase 
in intracranial pressure (ICP) that presents as 
headache, vomiting, papilledema, and coma. 
Seizures can occur in about 40% of the patients. 
Inflammation process around the abscess can 
result in severe cerebral edema that can cause 
changes in mental status and can progress to 
brain herniation [7]. Occasionally, the abscess 
can rupture into the ventricular space causing 
abrupt onset of ventriculitis that presents with 
meningeal signs like headache, fever, neck stiff-
ness, and altered sensorium.

Question 5:
How would you diagnose a brain abscess?

Answer:
In the setting of the above-mentioned symp-
toms, CT scan with contrast or magnetic reso-
nance imaging (MRI) should be performed. 
Imaging of the brain helps identify the loca-
tion, size, number, and mass effect caused by 
the abscess. In some cases where the spread is 
from the paranasal sinuses or mastoids, these 
structures could be imaged in the same setting 
as well.

MRI is the imaging modality of choice for 
diagnosing brain abscess. On T1-weighted 
images, brain abscess is seen as hypointense area 
with ring enhancement after the administration 
of intravenous (IV) gadolinium (Fig. 3.1) [8]. On 
T2-weighted images, the abscess is visualized as 
hyperintense area of pus with a well-defined cap-
sule (Fig.  3.2). MRI is sensitive for diagnosing 
early cerebritis and for accurately estimating the 
extent of the abscess. MRI with diffusion weight-
ing is useful in differentiating an abscess from a 
neoplastic cystic lesion.

Although CT scan is not as sensitive as MRI, 
it is easy to obtain. When CT scan with contrast 
is used, the abscess is seen as a ring-enhanc-
ing lesion with cerebral edema surrounding it 
(Fig. 3.3) [9].
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Question 6:
Can lumbar puncture help with the diagnosis?

Answer:
Lumbar puncture is contraindicated in patients 
with increased ICP or in those presenting with 

focal signs or symptoms, as it can potentially 
cause transtentorial or transforaminal herniation 
and death. As the early symptoms of abscess are 
similar to meningitis, inadvertent lumbar punc-
tures have been performed in patients with brain 
abscess with some grave complications [10]. In 
patients with unruptured abscess, the cerebrospi-
nal fluid analysis does not detect any organism 
hence, is of no benefit for the diagnosis or man-
agement of the abscess [11].

Question 7:
What is the management of brain abscess?

Answer:
Similar to the management of abscess anywhere 
in the body, the management of the brain abscess 
is drainage of the pus followed by antibiotic 
therapy for 4–8 weeks. The surgical drainage of 
the abscess is preferably done by needle aspira-
tion as this has fewer neurological complications 
when compared to a craniotomy. The aspiration 
can be done under CT guidance or ultrasound 
guidance through a burr hole. Empiric antibiotic 
therapy is started and the aspirate is sent for cul-
ture sensitivity.

When the source of the abscess is unknown, a 
combination of IV vancomycin,  third- generation 
cephalosporin, and metronidazole is recom-
mended, and the antibiotics are changed later, 
depending on culture sensitivity [12]. The 

Fig. 3.1 T1-weighted MRI image showing a hypointense 
brain abscess in the frontal region

Fig. 3.2 T2-weighted MRI image showing a hyperin-
tense brain abscess in the frontal region

Fig. 3.3 CT scan with contrast showing the frontal 
abscess
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empiric therapy can be based on the source 
if the source is known. Penicillin G provides 
excellent coverage for oral flora while ceftriax-
one and cefotaxime provide good coverage for 
sinus or otogenic infection source. Vancomycin 
should be used in patients with abscess from 
hematogenous spread or in patients with pen-
etrating head injury where methicillin-resistant 
Staphylococcus aureus (MRSA) infection is 
suspected [13]. First- generation cephalosporins, 
clindamycin, aminoglycosides, and other anti-
biotics that do not cross the blood–brain barrier 
should not be used to treat brain abscess. Once 
the culture results are available, the management 
should be tailored to target the specific organism 
causing the infection.

The duration of therapy for brain abscess ranges 
from 4 to 8 weeks. Patients with early cerebritis 
require shorter duration of therapy than patients 
with organized capsule. Multiloculated abscess 
and immunocompromised patients require lon-
ger duration of treatment. The response to treat-
ment is typically assessed based on the clinical 
response and improvement in imaging. CT scan 
is done every week initially and then biweekly to 
assess the response to treatment. MRI is not rec-
ommended for follow-up imaging as the abnor-
malities persists for months and hence not useful.

Question 8:
When would craniotomy be preferred over 
needle aspiration? What are the advantages of 
craniotomy?

Answer:
Surgical excision by craniotomy is considered 
under certain circumstances [14]:

• Abscess that are enlarging or showing no clin-
ical signs of improvement despite aspiration 
and antibiotic therapy.

• Multiloculated abscesses and large lesions 
that are superficially located.

• Traumatic abscesses where a foreign body is 
present in the brain.

Although surgical excision has increased risk of 
neurological deficits, there are some benefits [15]:

• The abscess is removed along with the cap-
sule, and hence, the risk of repeated collection 
of pus is eliminated.

• Abscess arising from contiguous spread like 
the middle ear infection can be operated upon 
during the same encounter.

• There is decreased need for repeated weekly 
imaging.

• Shorter hospital stay.

3.1  Preoperative Period

Question 9:
What are the preoperative concerns in the patient 
with brain abscess for aspiration or for craniot-
omy? What premedications would you choose?

Answer:
A thorough preoperative evaluation should be 
performed and other comorbid conditions that can 
affect the anesthetic management should be taken 
into consideration while making anesthetic plans. 
Patients with symptoms of increased ICP like 
nausea, vomiting, papilledema, or altered level of 
consciousness should be managed meticulously 
to avoid further increase in ICP. CT scan and MRI 
should be reviewed for the location and number 
of abscesses and for the presence of cerebral 
edema or midline shift. Antibiotics at scheduled 
doses should be given during the perioperative 
period. Informed consent for the procedure can 
be obtained from the patient if they are alert and 
oriented, but if the sensorium is altered, then the 
next of kin should be consented.

Preoperative medications: Sedatives and opi-
oids are generally avoided in patients with intra-
cranial abscess. Opioids can cause 
hypoventilation, which leads to the accumulation 
of arterial carbon dioxide leading to further 
increase in ICP. Using longer acting benzodiaze-
pines alters the ability to accurately assess the 
changes in neurological conditions postopera-
tively and hence is usually avoided. In patients 
who are anxious but alert, a small dose of mid-
azolam can be used for anxiolysis but should be 
decided on case-by-case basis.
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Question 10:
How would you monitor the patient in the operat-
ing room?

Answer:
The patient should be monitored using the stan-
dard ASA monitors [16]

• Electrocardiogram (ECG)—five-lead ECG is 
used to monitor V5 and II.

• Blood pressure—noninvasive blood pressure 
monitoring is used initially, and peripheral 
arterial catheter can be placed after induction 
for craniotomy to obtain continuous blood 
pressure monitoring.

• Pulse oximetry—used to assess arterial 
oxygenation.

• Oxygen analyzer—to determine the fraction 
of inspired oxygen.

• Capnography—to estimate the end-tidal CO2 
(ETCO2) level.

• Temperature probe in the esophagus or blad-
der—to maintain the core temperature.

3.2  Intraoperative Period

Question 11:
How would you preform the anesthetic manage-
ment of this patient for craniotomy and excision 
of brain abscess?

Answer:
The goals of anesthetic management for a crani-
otomy is similar to any patient with intracranial 
mass.

• Management of cerebral blood flow (CBF) 
and cerebral perfusion pressure (CPP).

• Control of ICP.
• Optimization of surgical exposure.
• Facilitation of early neurological assessment.

Depending on the coexisting disease, induc-
tion can be achieved rapidly and reliably with 
thiopental, etomidate, or propofol. A non- 
depolarizing muscle relaxant is used to facilitate 
tracheal intubation. In patients with difficult air-

way or full stomach, succinylcholine can be used 
although this may be associated with transient 
increase in ICP [17].  Maintaining an adequate 
depth of anesthesia and muscle paralysis prior 
to intubation is necessary as coughing or buck-
ing over the endotracheal tube can increase CBF 
and ICP. Lidocaine 1–1.5 mg/kg or short-acting 
opioid- like fentanyl 1–2 μg/kg can be used with 
induction drugs to blunt the intubation response. 
Following intubation, the patient’s lungs are ven-
tilated to maintain a PaCO2 of 35 mmHg. Small 
amount of positive end-expiratory pressure 
(PEEP) can be used to avoid postoperative atelec-
tasis. Higher levels of PEEP can result in increase 
in ICP and, hence, should be avoided or used cau-
tiously. Anesthesia is maintained using a combi-
nation of opioids, volatile anesthetics, propofol, 
and non-depolarizing muscle relaxant. Sudden 
increase in systemic blood pressure should be 
avoided as this can cause undesirable increase 
in CBF, CBV, and ICP, resulting in worsening 
of cerebral edema. Prolonged hypotension can 
worsen brain ischemia and is better avoided in 
patients with increased ICP. At the end of the sur-
gery, the effects of muscle relaxants are pharma-
cologically reversed, and the patient is extubated 
when the criteria for extubation are met.

Question 12:
What anesthetic technique would you use if the 
patient has to undergo aspiration of brain abscess?

Answer:
Aspiration of brain abscess can be performed 
through a burr hole using CT guidance or ultra-
sound guidance under local anesthesia or general 
anesthesia. Minimally invasive stereotactic inter-
ventions are generally less invasive with fewer 
complications and, hence, preferred method for 
drainage of superficial or large abscesses [18]. 
The goals of general anesthetic management are 
the same as above which includes smooth induc-
tion and intubation, management of CPP, CBF, 
and avoiding any increase in ICP. In patients who 
have other coexisting disease and in whom there is 
an increased risk of morbidity with general anes-
thesia, local anesthesia with conscious sedation 
has been successfully utilized. Scalp block can be 
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performed instead of local infiltration at the surgi-
cal site to provide better postoperative pain relief 
[19]. Dexmedetomidine infusion can be consid-
ered for sedation instead of benzodiazepines and 
opioids as it causes less respiratory depression 
and maintains the normal PaCO2 levels [20].

Question 13:
Would the anesthetic considerations be different 
if this patient had congenital CHD?

Answer:
CHD accounts for 12–69% of all the brain 
abscesses with identifiable risk factors. Tetrology 
of Fallot is the most common cardiac anomaly 
associated with brain abscess while others like 
transposition of great vessels, tricuspid atresia, 
and pulmonary stenosis have also been reported 
to predispose to brain abscess.

Normally, when the blood flows through the 
pulmonary circulation, many of the bacteria 
present in the blood are removed by phagocyto-
sis in the lung. However, in patients with right-
to-left shunts, the blood bypasses the pulmonary 
circulation and hence carries the bacteria to the 
brain. In addition, patients with CHD have areas 
of low perfusion in the brain due to chronic 
hypoxemia and increased viscosity due to poly-
cythemia that provide a good nidus for bacterial 
growth. Most of the abscess are supratentorial 
in  location and occur in the distribution of the 
middle cerebral artery.

The management of brain abscess includes 
aspiration of the pus and antibiotic therapy. The 
anesthetic goals specific to a patient with CHD 
includes:

• Avoidance of hypoxemia, acidosis, and 
hypercarbia that can increase pulmonary vas-
cular resistance and, hence, the shunt volume 
[21].

• Ensuring adequate hydration and maintenance 
of systemic vascular resistance (SVR) to pre-
vent further increase in right-to-left shunting.

Smooth induction and deeper planes of 
anesthesia required for maintaining the ICP 

in patients with brain abscess can be challeng-
ing in patients with CHD as vasodilatation with 
anesthesia can worsen right-to-left shunting by 
decreasing SVR.  Oxygen saturation is usually 
maintained around 80–85% as these patients are 
chronically hypoxic from the shunt. ETCO2 mon-
itor routinely used to indirectly assess the PaCO2 
cannot be used in this setting due to variable dead 
space and a large difference between ETCO2 and 
PaCO2. The gradient increases with acute reduc-
tion in the pulmonary blood flow from shunting 
or from decrease in cardiac output. In addition, 
all IV lines have to be free of air to prevent air 
embolism. Due to the complexity of the cardio-
pulmonary system, general anesthesia can be 
avoided and local anesthesia with sedation can be 
used instead, in cooperative patients undergoing 
drainage of the brain abscess [22].

3.3  Postoperative Period

Question 14:
What is the usual postoperative course?

Answer:
Most patients are extubated at the end of the 
neurosurgical procedure and transferred to the 
intensive care unit, so that early and repeated 
neurological assessment can be performed. Any 
delay in emergence or occurrence of new neu-
rological events in the immediate postoperative 
period may be due to complications from surgery 
like intracranial bleed, vascular occlusion, or sei-
zure and warrants an investigation with CT scan 
of the brain. Postoperative edema begins to sub-
side on the first or the second postoperative day, 
and an improvement in the neurological status 
may be noted. The antibiotic coverage is changed 
based on the culture and sensitivity obtained 
from the pus and should be continued for at least 
4–8 weeks. The British Society for Antimicrobial 
Chemotherapy recommends 1–2  weeks of IV 
antibiotics followed by oral medications for 
4–6 weeks [23]. These patients can be discharged 
home with a follow-up CT in every1–2 week to 
assess the effect of therapy.
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Question 15:
What is the outcome?

Answer:
Early diagnosis and treatment have resulted 
in complete recovery with minimal neurologi-
cal sequelae in about 80% of the patients [24]. 
Improvements in imaging technique, minimally 
invasive neurosurgical procedures, and advance-
ment in antibiotic treatment have all contributed 
to a decline in mortality from 40% in 1960 to 
15% in 2010 [25]. Intraventricular rupture of the 
abscess and poor Glasgow Coma Scale at presen-
tation has been associated with worse outcomes. 
Some of the long-term sequelae from the brain 
abscess include persistent focal neurological defi-
cits, seizures, tremors, and cognitive dysfunction.

Multiple Choice Questions
 1. The gold standard for the diagnosis of brain 

abscess is
 (a) CT scan
 (b) MRI
 (c) Lumbar puncture
 (d) Ultrasound
Answer: b

MRI of the brain is imaging modality of 
choice for diagnosing brain abscess. MRI 
is sensitive for diagnosing early cerebritis 
and for accurately estimating the extent of 
the abscess. MRI with diffusion weighting 
is useful in differentiating an abscess from a 
neoplastic cystic lesion that the CT scan can-
not differentiate. Lumbar puncture is contra-
indicated in brain abscess due to the risk of 
herniation.

 2. Risk factors for brain abscess include
 (a) Immunocompromised patients
 (b) Cyanotic congenital heart disease
 (c) Mastoiditis
 (d) All of the above
Answer: d

All the patients mentioned above have an 
increased risk of developing brain abscess. In 
patients with middle ear infection or mastoid-
itis, the spread is directly to the adjacent brain 
area, which is the temporal lobe. In immuno-

compromised patients and in those with cya-
notic congenital heart disease, the spread is 
hematogenous.

 3. In patients with brain abscess where the 
source of the abscess is unknown, the antibi-
otic medications to be prescribed should 
include
 (a) Cefazolin, metronidazole
 (b) Penicillin G, vancomycin, clindamycin
 (c) Cefotaxime, metronidazole, vancomycin
 (d) Aminoglycocide, clindamycin
Answer: c

A combination of third-generation cephalo-
sporin, metronidazole, and vancomycin is used 
to treat brain abscess until the culture and sen-
sitivity results are available. First-generation 
cephalosporin, aminoglycosides, and clindamy-
cin do not cross the blood–brain barrier and is 
useless in the treatment of brain abscess.

 4. The symptom triad for the diagnosis of brain 
abscess includes all except
 (a) Headache
 (b) Fever
 (c) Vomiting
 (d) Focal neurological deficits
Answer: c

The triad of symptoms that help with the 
diagnosis of brain abscess include head-
ache, fever, and focal neurological deficits. 
However, all the three symptoms are pres-
ent in only 20% of the patients with brain 
abscess.

 5. The recommended duration of treatment with 
antibiotics for the brain abscess is
 (a) 10–14 days
 (b) 4–8 weeks
 (c) 3 months
 (d) 6 months
Answer: b

The duration for treatment is 4–8  weeks. 
The initial treatment is with IV antibiotics for 
1–2 weeks and can be changed to oral medica-
tions for the remaining 4–6 weeks.

Weekly or biweekly CT scan is done 
to assess the response to antibiotics. The 
decrease in the size of the abscess is usually 
seen around 2.5–3 weeks.
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Management of Patient 
with Cerebellopontine Angle 
Tumor

Mia Kang

Stem Case Terminology
A 52-year-old woman with a diagnosis of 
left- sided vestibular schwannoma (VS) pres-
ents to the anesthesia preoperative evalu-
ation clinic for workup 2  weeks before her 
scheduled resection. She has been experi-
encing progressive hearing loss on the left 
and reports that recently she has noticed 
increasing unsteadiness of gait as well as 
dizziness. She works as a hairdresser and 
has been unable to work because the dizzi-
ness keeps her from being able to stand for 
extended periods of time. Her past medical 
history is significant for hypertension, diabe-
tes and obesity (body mass index [BMI] 39). 
She had a hysterectomy 5 years ago and has 
never experienced any complications after 
undergoing anesthesia. Her social history is 
significant for tobacco abuse (25-pack years).

4.1  Preoperative Evaluation

Question 1:
How do patients with cerebellopontine angle 
(CPA) tumors typically present?

Answer:
Approximately 80% of CPA tumors are VSs 
(also referred to as acoustic neuromas). Other 
CPA tumors include meningiomas (~10%) and 
epidermoid tumors (~6%). VSs arise from over-
growth of the sheath of cranial nerve VIII and 
are typically benign but may result in significant 
clinical symptomatology because of their loca-
tion. The lifetime risk of developing a unilateral 
VS is approximately 0.1% [1]. The mortality 
rate from VS is only 0.2–1% so patients are 
typically managed with the goals of preserv-
ing hearing and balance and maintaining facial 
nerve function [1].

VSs are diagnosed based on clinical presenta-
tion and imaging studies. Patients with VSs typi-
cally present with progressive unilateral hearing 
loss. Dizziness, tinnitus, and/or vestibular 
symptoms such as gait instability are less com-
mon but also possible, usually associated with 
larger tumors. If the schwannoma is not treated 
it may advance in size to the point that it may 
encroach upon the brainstem which can be life-
threatening. The gold standard for diagnosis of 
CPA tumors is magnetic resonance imaging with 
gadolinium [1].

Treatment options for VS include observation, 
medical management, stereotactic radiosurgery, 
microsurgical resection, or some combination of 
these options. There is currently no consensus on 
the optimal treatment for VS [1].
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Question 2:
What are the surgical approaches for resection of 
a VS?

Answer:
Surgical approaches for resection include 
translabyrinthine, transotic, middle cranial 
fossa (MCF), or retrosigmoid (RS). The last 
two, MCF and RS, allow for hearing preserva-
tion whereas the other three result in profound 
hearing loss because they breach the vestibular 
or cochlear apparatus of the inner ear [1]. The 
RS approach requires a posterior fossa craniot-
omy which may necessitate that the operation 
be performed with the patient in sitting posi-
tion. The advantage of this approach is that it 
allows access to the CPA, petrous apex, clivus, 
and internal auditory canal; however, this must 
be weighed against the significant risks posed 
to the patient when undergoing a sitting posi-
tion craniotomy [1]. In addition, this approach 
also carries a significant risk of postoperative 
cerebrospinal fluid (CSF) leak, approximately 
5–10% [1]. The risks and benefits of each of 
these approaches, taking into account patient 
factors, the location and size of the tumor, and 
surgeon preference, must be carefully consid-
ered by the neurosurgeon and anesthesiologist 
when determining which of these approaches 
will be used (Fig. 4.1).

While patients are typically placed in three- 
quarters lateral position with the head in Mayfield 
pins facing downward for these procedures at 
your institution, the surgeon informs you that 
because of the size of this patient’s tumor she 
would like to have the patient placed in sitting 
position for the case.

Question 3:
Discuss the various patient positions that are used 
for VS resection.

Answer:
There are a variety of positions that the patient 
may be placed in for CPA tumor resection which 
include sitting, prone, and lateral versus three- 
quarters lateral versus park bench. Sitting posi-
tion may provide improved surgical conditions 
because it reduces dural sinus pressure which may 
help to decrease venous bleeding (see Table 4.1). 
(Cottrell) This position optimizes surgical expo-
sure by allowing gravity to pull the cerebellum 
down away from the field. There are benefits 
from an anesthetic standpoint as well. The sitting 
position helps to improve respiratory mechan-
ics because of decreased airway pressures and 
improved diaphragmatic excursion, particularly 
in obese patients. Another advantage of this posi-
tion is that it allows the anesthesia team to readily 
access the patient’s airway.

Vestibular
nerve

Facial
nerve

Cochlear
nerve

Tumor

Fig. 4.1 Inner ear with vestibular schwannoma. (Source: 
NIH/NIDCD (https://www.nidcd.nih.gov/health/vestibu-
lar-schwannoma-acoustic-neuroma-and-neurofibromato-
sis#ref1))

Table 4.1 Advantages of sitting position craniotomies 
vs. other positions

Surgical
Improved exposure
Improved anatomical orientation
Improved venous drainage from the surgical field
Improved hemostasis
Gravitational drainage of CSF and blood from the 
surgical field
Better teaching due to the nonrotated anatomical field
Shorter surgical time
Decreased intracranial pressure (ICP)
Anesthetic
Improved access to the endotracheal tube, chest wall, 
and arms by the anesthesiologist
Diaphragm is able to move more freely
Ability to observe the face for neuromonitoring
Ability to use transesophageal echocardiography 
(TEE) for venous air embolism (VAE) detection

Adapted from [7]
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Despite these advantages sitting position cra-
niotomies also pose significant challenges for the 
anesthesiologist. The major concern about sitting 
position craniotomy, of course, is the increased 
risk of venous air embolism (VAE). There has 
been a great deal of variation in the rates of intra-
operative VAE for patients undergoing neurosur-
gical procedures in sitting position reported in 
the literature. In one systematic review of 4806 
patients undergoing surgery in sitting position, 
39% of craniotomy patients and 12% of cervi-
cal surgery patients were diagnosed with intra-
operative VAE [2]. However, it is important to 
remember that while a relatively high proportion 
of patients may be diagnosed with intraoperative 
VAE, very few of these episodes are clinically 
significant. These rare cases of rapid air entrain-
ment resulting in significant impairment of gas 
exchange, hemodynamic compromise, or per-
sistent neurologic impairment in patients under-
going surgery in sitting position are referred to 
as extreme VAE [3]. In one case series of 728 
patients undergoing craniotomies in sitting posi-
tion, there were only 8 cases of extreme VAE 
(1.1%) [3]. In another case series of neurosurgical 
procedures performed in sitting position at a sin-
gle institution, the incidence of VAE was found to 
be 4.7% but the incidence of clinically significant 
VAE was only 1% [4]. Relative contraindications 
to this position include intracardiac septal defects 
because of the risk of paradoxical air embolism 
(PAE), pulmonary AV malformations, hydroceph-
alus, and severe hypovolemia [5].

A modified version of sitting position known 
as semi-sitting position may be used for resection 
of lateral tumors. This position was developed in 
order to reduce the risk of VAE during these pro-
cedures [6]. It is similar to standard sitting posi-
tion in that the bed is flexed at the patient’s hips to 
90° and the knees are flexed to 30°. However, the 
entire bed is then reclined so that the vertex and 
the legs are nearly level. In their case series of 
187 craniotomies using this position they report 
3 cases of significant VAE (1.6%), with only 1 
(0.5%) causing hemodynamic instability. In con-
trast, the incidence of significant intraoperative 
VAE during standard sitting position cranioto-
mies cited in the literature is as high as 50% [2].

Placing the patient in prone position decreases 
the risk of VAE but does not eliminate it since the 
head is still elevated relative to the heart in order 
to try to decrease venous bleeding. The risk of 
vision loss, usually related to ischemic optic neu-
ropathy, may be slightly elevated in prone posi-
tion as compared to other positions but remains 
quite low [5]. Patients may also experience sig-
nificant facial edema, including of the orbit and 
airway, after surgery in prone position but this 
should resolve quickly postoperatively once the 
patient is returned to supine position.

The lateral position may be used for unilat-
eral procedures in the upper posterior fossa while 
the three-quarter prone position and lateral park 
bench allow for greater head rotation thereby 
allowing more access to axial structures [5].

Question 4:
What preoperative workup would you obtain for 
this patient?

Answer:
A through history and physical should be obtained, 
with particular emphasis on cardiopulmonary sta-
tus, prior surgeries, evidence of cerebrovascular 
compromise, and suitability for central venous 
access [5]. Laboratory workup should include 
chemistry and CBC and type and screen. The 
patient’s exercise tolerance should be assessed 
to determine if further testing is required. If there 
are any concerns for cardiac issues, baseline elec-
trocardiogram (EKG) and possibly more invasive 
cardiac testing may be necessary.

The patient should be asked about any cervi-
cal spine issues since sitting position may exac-
erbate any preexisting pathology; however, there 
is no consensus on what diagnostic tests should 
be ordered preoperatively. A recent review of 
current practice found that only one center per-
forms routine extension-flexion radiographs of 
the cervical spine routinely on all patients pre-
senting for sitting position craniotomies [7]. It 
appears that most practitioners would obtain 
imaging studies only in patients with known 
or suspected cervical spine pathology. Thus, 
the authors conclude that there is currently no 
uniform approach that has been established for  
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preoperative evaluation of possible cervical 
spine pathology in patients being considered for 
sitting position craniotomy [7].

Prior to the worsening of her symptoms the 
patient was active and had good exercise toler-
ance. However, upon further discussion with the 
patient she mentions that she has been told that 
she has a murmur but has never had any symp-
toms from it and has never been referred to a 
cardiologist.

Question 5:
What further information would you like for this 
patient?

Answer:
The presence of a benign murmur raises concerns 
for the presence of a septal defect. One of the 
most dreaded complications for patients undergo-
ing sitting position craniotomy is PAE. This risk 
is increased for patients with intracardiac septal 
defects so most authors feel that the presence of 
a patent foramen ovale (PFO) is a relative con-
traindication to undergoing craniotomy in sitting 
position. However, there is great variability in the 
approach to preoperative evaluation for PFO in 
patients being considered for a sitting position 
surgery. One review found that three centers refer 
all patients presenting for sitting position cra-
niotomy for formal diagnostic workup for PFO 
while others evaluate for the presence of PFO 
using transcranial Doppler (TCD) only after the 
induction of anesthesia [7]. Another review of 28 
studies found that 10 centers consider PFO an 
absolute contraindication to sitting position cra-
niotomies whereas 2 of the studies did not [2]. In 
another review of 977 patients undergoing crani-
otomies or cervical spine surgeries performed in 
semi-sitting position, 82 patients were found to 
have PFOs [8]. Intraoperative VAE was detected 
in 33 of those 82 patients (40.2%) with no subse-
quent PAE so the authors conclude that the risk 
of performing surgery in the semi-sitting posi-
tion is acceptable even in patients with PFO [8]. 
Clearly, there is currently no consensus regarding 
the preoperative evaluation of patients being con-
sidered for sitting position craniotomy, but most 
authors do recommend that formal evaluation for 

PFO be performed preoperatively for patients 
being considered for surgery in sitting position, 
especially for patients like this one who report a 
benign murmur.

Question 6:
How prevalent is PFO and how is it diagnosed?

Answer:
Approximately, 25% of adults have a PFO [9]. 
The rate of PFO in patients with a prior history 
of cryptogenic cerebrovascular accident (CVA) 
is more than 40% [2, 9]. PFOs are a concern 
for cases in which the risk of VAE is increased 
because of the possibility of a PAE. PAE is the 
passage of air from the venous circulation into 
the arterial circulation and can result in signifi-
cant neurologic complications or even death. 
The rate of VAE for sitting position cases has 
been cited as ranging from 1 to 76% versus 0 
to 12% in horizontal position in various case 
series [2]. The overall rate of VAE for posterior 
fossa procedures performed in sitting position is 
estimated to be about 39% [2]. In three studies 
which included patients with PFO of patients 
undergoing sitting position craniotomies, the 
incidence of PAE was reported as 14%, 0%, and 
6.6% (the study reporting a PAE rate of 0% par-
tially excluded patients with PFO) [2]. Thus, it is 
important to evaluate for the presence of PFO in 
patients who are presenting for sitting position 
craniotomy.

While some authors suggest PFO is an abso-
lute contraindication to sitting position craniot-
omy, others feel that the availability of reliable 
monitors such as transesophageal echocardiog-
raphy (TEE) or precordial Doppler allow for 
timely intervention so that the risk of undergo-
ing a sitting position craniotomy without preop-
erative evaluation for PFO is acceptable. In one 
case series of 136 patients operated on in sitting 
position, 22 patients (16%) were diagnosed with 
intraoperative VAE [10]. These patients were 
not screened for PFO prior to surgery so post- 
induction TCD was performed to evaluate for 
PFO which was found in only 2 patients (1.4%). 
Neither of these patients was diagnosed with 
intraoperative VAE. See Fig. 4.2 for a suggested 
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approach to evaluating a potential candidate for 
sitting position craniotomy.

There are numerous diagnostic tools that can 
be used to evaluate for PFO. Transthoracic echo-
cardiography (TTE) has a specificity of 99% 
and has the benefit of being noninvasive [11]. 
A PFO study involves the injection of agitated 
saline into a peripheral vessel while the TTE is 
being performed. Patients may be asked to per-
form a Valsalva maneuver during the exam which 
increases right atrial pressure (RAP) and may 
encourage the passage of bubbles through any 
communication. A positive diagnosis is made 
if bubbles appear in the left atrium within three 
cardiac cycles. However, TTE’s low sensitivity 
of 46% means that most patients with a negative 
result will be referred for TEE if there is a high 
index of suspicion for PFO [11].

Another noninvasive diagnostic test for 
PFO is TCD. It has the advantages of being 
less expensive than echocardiography and easy 
to perform at the bedside. Similar to TTE the 
patient may be asked to perform a Valsalva 
maneuver during the exam to elicit evidence of 

an intracardiac communication. A meta-analysis 
comparing TCD and TTE of 35 studies which 
included 3067 patients found that TCD has an 
overall sensitivity of 96.1% and specificity of 
92.4% as compared to TTE with an overall sen-
sitivity of sensitivity of 45.1% and specificity of 
99.6%; the authors concluded the TCD’s overall 
diagnostic yield appears to outweigh that of TTE 
[12].

Currently TEE with contrast remains the gold 
standard for diagnosis of PFO (89% specificity, 
92% sensitivity); however, as compared with 
TTE and TCD, TEE has several disadvantages. It 
is more expensive and more invasive with many 
patients requiring sedation while it is performed 
so that the patient is likely not able to perform a 
Valsalva maneuver during the test. Because TCD 
has been shown to have comparable sensitivity 
and specificity to TEE, Komar et al., suggest that 
both TEE and TCD are necessary for a complete 
evaluation for PFO [13].

The patient is referred to a cardiologist for 
evaluation of her murmur. A TEE is performed 
and the patient is found to have a PFO.

a

b

Fig. 4.2 Diagram A 
shows the correct 
configuration of the 
head holder, allowing 
for the OR table to be 
flattened and placed into 
Trendelenburg position 
without disrupting the 
position of the head. In 
Diagram B by contrast 
the bed cannot be 
flattened without 
removing the patient’s 
head from the head 
holder. Used with 
permission from Miller’s 
Anesthesia, 8th ed., 
Chap. 70
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Question 7:
What is your next step?

Answer:
The patient should be counseled on the risks of 
undergoing a craniotomy in sitting position with 
the increased risk for PAE and the significant 
neurologic and cardiovascular risks it entails. 
Percutaneous PFO closure has a >95% success 
rate and major complication rate (defined as peri-
cardial effusion with tamponade, device emboli-
zation requiring surgery, thrombus on device, or 
CVA/TIA) is reported as 2.4–5.9% [11]. Thus, 
undergoing a preoperative PFO closure appears 
to be a safe option for patients being considered 
for a craniotomy in sitting position.

The patient elects to undergo PFO closure 
prior to undergoing her surgery because of the 
risk of PAE. The cardiologist is able to perform a 
successful percutaneous closure of her PFO.

Question 8:
How soon after the procedure can the patient 
undergo her planned craniotomy?

Answer:
Patients who undergo PFO closure are typically 
placed on antiplatelet therapy for several months. 
A review of 593 patients who had undergone 
percutaneous PFO closure and were evaluated 
for thrombus formation at 4 weeks and 6 months 
reports the incidence of thrombus formation to be 
2.5% [14]. Risk factors for thrombus formation 
include development of atrial fibrillation after 
closure and persistent atrial septal aneurysm. 
Therefore, current practice is to place patients 
on antiplatelet therapy (aspirin and clopidogrel) 
after the PFO closure for at least 6  months for 
thrombus prophylaxis [14].

You are informed by the neurosurgeon that 
she feels that the patient needs to proceed with 
the surgery soon because of the large size of the 
patient’s tumor as evidenced by her vestibular 
symptoms. She is concerned about the tumor 
causing further neurologic compromise. After a 
lengthy discussion with the neurosurgeon and the 
cardiologist regarding the risks and benefits of 
proceeding with surgery versus interrupting the 

antiplatelet therapy, the patient decides to pro-
ceed with the VS resection 2 weeks after the PFO 
closure.

Question 9:
What is your plan for management of this 
patient’s antiplatelet therapy?

Answer:
In general, there are several options for periopera-
tive management of antiplatelet therapy. For non-
neurosurgical cases the patient is often advised to 
continue with aspirin while holding the clopido-
grel for 5–7 days preoperatively. Another option 
would be to hold both aspirin and clopidogrel for 
5–7 days and bridge during this period with an 
agent such as cangrelor. Cangrelor is an intra-
venous (IV) agent with a half-life of less than 
10 min so the patient would need to be admitted 
for this. A third option is to continue both aspirin 
and clopidogrel and transfuse platelets immedi-
ately prior to the procedure [15].

You and the neurosurgeon counsel the patient 
that it is critically important to minimize the 
risk of perioperative bleeding for her procedure 
because of the location of her tumor. Collectively 
you agree that the incidence of thrombus forma-
tion is sufficiently low that you feel it is safe for 
her to discontinue the aspirin and clopidogrel for 
7 days prior to her surgery. The patient is advised 
to take the aspirin and clopidogrel for 1 week and 
then hold them in preparation for her surgery.

4.2  Intraoperative Management

The patient presents 2 weeks after her PFO clo-
sure for surgery. She has appropriately held her 
aspirin and Plavix for 7 days as instructed.

Question 10:
What is your anesthetic plan for this patient?

Answer:
Typically patients presenting for VS resection 
have undergone a thorough preoperative evalua-
tion and increased intracranial pressure (ICP) is 
rarely a concern. The patient may be premedi-
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cated with midazolam depending on the patient’s 
comorbidities, neurologic exam, and the anes-
thesiologist’s discretion. Induction is typically 
performed with fentanyl, lidocaine, propofol, 
and the depolarizing neuromuscular blocker suc-
cinylcholine. If there is a contraindication to suc-
cinylcholine, a nondepolarizing neuromuscular 
blocker such as rocuronium may be used. With the 
introduction of sugammadex rocuronium can be 
reliably reversed within seconds. Typically facial 
nerve electromyography (EMG) is performed 
intraoperatively so intraoperative neuromuscular 
blockade is contraindicated. EMG is not affected 
by volatile agents so volatile agents may be used 
for maintenance of anesthesia. A propofol infu-
sion may be used depending again on provider 
preference and patient factors. Remifentanil is a 
useful adjunct to volatile agent and/or propofol 
to insure that the patient does not move while 
not prolonging emergence because of its steady 
context-sensitive half-time.

Most practitioners opt to avoid the use of 
nitrous oxide in cases with an increased risk of 
VAE because of its theoretical potential to dra-
matically increase the volume of any entrained 
air. In animal studies NO2 has been shown to 
decrease the LD50 for VAE and cause the expan-
sion of bubbles in NO2-saturated fluid. However, 
the use of 50% NO2 has not been shown to worsen 
hemodynamic changes or neurologic outcomes in 
patients with intraoperative VAE [3]. Thus, these 
authors do not consider it necessary to avoid NO2 
in sitting position craniotomies. However, if the 
provider has opted to use nitrous oxide during the 
case, most authors do recommend discontinuing 
it if a VAE is detected.

Question 11:
What monitors will you use intraoperatively if 
the procedure is being performed in prone or 
three-quarters lateral position?

Answer:
Intraoperative monitoring for a patient under-
going a VS resection in prone or three-quarters 
lateral position typically includes standard ASA 
monitors and an arterial line. Access consisting of 
two large bore IVs is sufficient. A central venous 

catheter (CVC) should be placed if peripheral 
access is insufficient.

The surgeon has discussed with you her pref-
erence for performing the case with the patient in 
sitting position because of the size of the tumor 
and the goal of preserving hearing and balance.

Question 12:
What concerns do you have about placing this 
patient in sitting position for her surgery?

Answer:
One of the most concerning risks for patients 
undergoing sitting position craniotomies is the 
increased risk of VAE. VAE is the entrainment of 
air from the operative field into the venous circu-
lation. The risk of VAE is increased when the site 
being operated on is more than 5  cm above the 
level of the right atrium and the surgical field for 
craniotomies in sitting position is several times 
greater than 5 cm. In addition, there are numerous 
large, noncompressible venous channels in the 
surgical field so that the risk of VAE during sitting 
position craniotomies is among the highest for 
any surgical procedure [16]. The two factors that 
determine the severity of clinical symptoms are 
the volume of air entrained and the rate of accumu-
lation [16]. The lethal volume of air entrainment 
in adults has been calculated to be 200–300 mL 
(3–5 mL/kg) [16]. If the rate of air entrained is 
sufficiently large an air lock may occur whereby 
forward circulatory flow is impeded because of 
outflow obstruction of the right ventricle from 
inability to decompress the ventricular wall [16]. 
This rapidly leads to right heart failure and subse-
quent cardiovascular collapse.

Even VAE that accumulates more gradually 
may result in significant pathologic changes that 
may make ventilation and maintaining hemody-
namic stability quite challenging for the anesthe-
siologist. VAE leads to increased microvascular 
permeability. Pulmonary hypertension may be 
induced by the release of endothelin 1 from the 
pulmonary vasculature. In addition, microbub-
bles from the VAE may lead to platelet aggrega-
tion and the release of platelet activator inhibitor. 
This may in turn lead to a systemic inflammatory 
response [16].
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As noted previously the rates of intraopera-
tive VAE during sitting position craniotomy that 
have been reported in the literature vary greatly. 
However, the rate of clinically significant VAE, 
usually defined as resulting in hemodynamic or 
respiratory compromise is generally much lower. 
A recent review of 450 suboccipital procedures 
performed in sitting position at a single institu-
tion evaluated for the incidence of clinically 
significant VAE [4]. Episodes of intraoperative 
VAE were defined as mild if no intervention 
was required, moderate if there was a significant 
drop in end-tidal CO2 (ETCO2) or hemodynamic 
instability, or severe if the criteria for moderate 
VAE were met and in addition repositioning was 
necessary and/or advanced cardiopulmonary life 
support (ACLS) needed to be performed [4]. 
There were 12 cases of clinically significant 
VAE (2.7%) [4]. Similarly another review of 600 
patients calculated the intraoperative incidence 
of VAE to be 19% but the incidence of VAE 
resulting in hemodynamic or respiratory com-
promise was 3.3% [17].

A significant concern for patients with a com-
munication between the right and left heart is 
that a VAE may develop into a PAE whereby the 
air embolism travels from the venous circulation 
into the arterial circulation. PAEs can result in 
catastrophic neurologic injury and even death. 
Although the exact pressure gradient necessary 
to push air across an intraseptal cardiac defect 
is unknown, it is thought to be at least 5 mmHg 
[18]. Mammoto et al. found that PAE occurred 
only with the entrainment of significant volumes 
of air so it is possible that a significant increase 
in right heart pressure is necessary for a VAE to 
result in a PAE [19]. (Mammoto) Factors that 
affect the RAP to left atrial pressure (LAP) gra-
dient include PEEP which increases it and gener-
ous fluid administration which decreases it [18].

Physiologic changes that can be expected if 
the patient has sustained a VAE include a rapid 
significant decrease in ETCO2 because of the 
disruption in circulation. In one case series of 
sitting position craniotomies, the average time 
for ETCO2 to fall from baseline to minimum 
was about 11 min after VAE was detected, fall-
ing on average by 38% [3]. If end-tidal nitro-

gen (ETN2) is being monitored, there may be 
a spike in N2 levels with the entrainment of 
room air in the systemic circulation. The aver-
age time for mean arterial pressure (MAP) to 
drop from baseline to minimum recorded was 
9.8 min, with MAPs falling on average by 46% 
[3]. The oxygen saturation levels may drop but 
depending on the amount of entrained air this 
may be a later finding. EKG tracing may dem-
onstrate right-sided heart strain and ST-T seg-
ment changes. If a TEE is performed there may 
be evidence of right-sided heart strain as well 
with a full right heart and a relatively empty 
left heart.

Question 13:
What additional monitors will you want for this 
patient if she is to be placed in sitting position for 
her surgery?

Answer:
If the patient is undergoing surgery in sit-
ting position monitoring should standard ASA 
monitors, arterial line, plus a TEE or precordial 
Doppler for detection of VAE.  According to 
Chang et al., “Among the treatments of venous 
air embolism, aspirating air through the right 
atrial catheter has proven to be the most effec-
tive” [20]. Thus, placing a CVC to facilitate 
aspiration of a possible VAE is also considered 
standard of care.

There is a great deal of debate in the literature 
about the type of CVC that should be placed and 
its optimal location and positioning. CVCs are 
commonly placed in the subclavian vein instead 
of the internal jugular (IJ) vein for craniotomies 
so as not to compromise venous drainage; how-
ever, the risk of compromising venous outflow 
posed by placing the CVC in the IJ should be 
 sufficiently low for most patients unless there 
is significant concern about elevated ICP. Some 
institutions instead place a long arm CVC in the 
basilica or cephalic vein (Arrow Multiorificed 
Antecubital Central Venous Catheterization 
Kit—AK-04250; Teleflex Inc., Morrisville, 
NC) [3, 4].

Similarly there has been a great deal of discus-
sion about where the tip of the CVC should be 
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placed. Bunegin, et al. recommend that a multi-
orifice catheter should be placed 2 cm below the 
SVC-atrial junction, but a single-orifice catheter 
should be placed 3 cm above the SVC-atrial junc-
tion (see Fig. 4.3) [21]. However, this distinction 

is most likely important only when aspirating 
smaller volumes of air. While there has not been a 
great of investigation regarding the optimal place-
ment of the tip of the CVC, most practitioners feel 
that positioning it anywhere in the right atrium 
will allow for the aspiration of large volumes of 
air [18]. Two methods are available for confirm-
ing the position of the CVC tip, radiography, 
and intravascular electrocardiography (ECG) but 
there has been little data to support the superiority 
of either method. Indeed, most authors feel that 
positioning the CVC tip at the level of the second 
or third intercostal space is sufficient [18].

The type of CVC placed for a sitting position 
craniotomy may also be important to the success 
rate of attempts to aspirate air when a VAE is 
detected. For multilumen CVC and Swan-Ganz 
catheters, the success rate of attempted aspiration 
has not been very promising with reports in the 
literature of 6–16% [16]. Better success rates of 
30–60% have been reported with the Bunegin- 
Albin multiorifice catheter (Cook Critical Care) 
[21] (Fig. 4.4).

Indication for
neurosurgery in sitting

position

Preoperative TOE

Sitting position

No PFO detected

PFO detected

Low surgical risk High surgical risk

Declined or not
successful Successful

Sitting position

Horizontal position

Horizontal position

Consider PFO closure
(2–4 weeks before surgery)

Fig. 4.4 Suggested 
algorithm for evaluating 
a patient for sitting 
position craniotomy [7]

Fig. 4.3 Bunegin-Albin multiorifice catheter. Permission 
for use granted by Cook Medical, Bloomington, Indiana 
(https://www.cookmedical.com/products/cc_vas_webds/)
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One caveat about aspirating air via CVC 
in the event of VAE that must be kept in mind 
is that most of the data comparing the effi-
cacy of the various types of CVCs are from 
animal studies and not humans. Interestingly 
in a recent case series of 136 sitting position 
surgeries (93 craniotomies and 43 cervical 
spine procedures), 22 episodes of VAE (21.5% 
of craniotomies and 4.7% of the spine cases) 
were detected, and the authors report that air 
was successfully aspirated via CVC in 59% of 
those cases [10]. However, in a case series of 
798 neurosurgical procedures performed with 
the patient in sitting position examining the 
incidence of extreme VAE, the authors felt that 
appreciable air was aspirated via CVC in only 
one case [3]. Thus, it is considered standard of 
care to place a CVC during sitting position cra-
niotomies in order to facilitate the aspiration 
of air in the event of an intraoperative VAE; 
however, there is very little data reported in the 
literature regarding the success rates of these 
maneuvers in humans.

Monitors for the detection of VAE are critical 
during a sitting position case. The monitor should 
have high sensitivity and specificity, allow for a 
rapid response and provide feedback about recov-
ery from the event. The most sensitive monitor 
for detection of VAE is TEE, which can detect 
volumes as small as 0.02  mL/kg of intravascu-
lar air. However, the feasibility of monitoring 
TEE for a prolonged case. As well as the safety 
concerns of leaving an ECHO probe inserted for 
such a long duration. Make this modality imprac-
tical for many institutions.

Precordial Doppler is nearly as sensitive as 
TEE for detecting VAE allowing for the detection 
of volumes as small as 0.05 mL/kg of intravascu-
lar air. It also has the advantage of being noninva-
sive. The Doppler probe should be placed either 
left or right parasternally between the second and 
third or third and fourth ribs. As a check that the 
probe is positioned properly a bubble test may 
be performed by injecting 9 mL of saline mixed 
with 1  mL of air into the CVC.  The rhythmic 
sound of normal heart tones will be replaced with 
turbulent flow, often referred to as a “mill wheel” 

sound. Other modalities for intraoperative moni-
toring for VAE include TCD ultrasound, pulmo-
nary artery catheter, ETN2 detector, and ETCO2 
detector. Currently the combined use of precor-
dial Doppler and continuous ETCO2 monitoring 
is the standard of care for detection of intraopera-
tive VAE [18].

After a smooth induction the patient is posi-
tioned in sitting position. Approximately, 4 h into 
the case, the patient begins to have significant 
arrhythmias and her heart rate is noted to be in 
the 30s.

Question 14:
What is the likely cause and what is your next 
step?

Answer:
Manipulation of the pons and/or lower medulla, 
as well as the extra-axial portion of the vagus 
nerve can all result in significant dysrhythmias 
and hemodynamic changes. These may include 
bradycardia, tachycardia, hypertension, hypo-
tension, premature ventricular contractions, or 
even asystole. Immediately inform the surgeon 
of these changes and request that any retraction 
be released immediately. While the temptation 
is to treat such hemodynamic changes pharma-
cologically, such interventions may mask warn-
ing signs regarding potential injury to these vital 
structures [18]. Thus, timely communication 
with the neurosurgeons about any arrhythmias 
or sudden hemodynamic changes is critically 
important.

You notify the neurosurgeons about the 
patient’s bradycardia and they relax their retrac-
tion. The bradycardia quickly resolves and the 
case proceeds without a return of the signifi-
cant bradycardia. Approximately, 6  h into the 
case, turbulent flow is detected on the precordial 
Doppler and the patient’s blood pressure is noted 
to drop precipitously with systolic pressures fall-
ing to the 50s.

Question 15:
What is the most likely etiology of these derange-
ments and what are your next steps?
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Answer:
The patient has likely sustained a VAE.  The 
surgeon needs to be informed immediately. He/
she should flood the field with irrigation. The 
surgical field should be lowered as close to the 
level of the heart as possible to prevent further 
entrainment of air, and if necessary the patient 
should be placed in Trendelenburg position. It 
is not necessary to take the patient out of the 
head holder; rather, the entire bed should be 
placed so that the head is level with the heart. 
This allows the entire table to be put into 
Trendelenburg to level the head with the heart 
as opposed to flattening out the entire bed. It is 
important to place the head supports on the por-
tion of the operating room table that is raised 
to achieve sitting position so that the bed can 
be flattened to facilitate chest compressions if 
necessary (Fig. 4.2).

Jugular venous compression has been shown 
to be effective at limiting the entry of air into the 
chest from face and head sources; however, the 
subsequent increase in ICP should be taken into 
account during a craniotomy [16]. If there is 
hemodynamic collapse, ACLS including chest 
compressions should be initiated as rapidly as 
possible. Another benefit of chest compressions 
may be to help force air out of the pulmonary 
outflow tract back into smaller pulmonary ves-
sels which may help with forward blood flow 
[16]. IV fluids should be running wide open, 
also to encourage forward flow. An attempt to 
aspirate air from the right atrium via a CVC 
should be considered.

Once these immediate interventions have been 
attempted the patient may need hemodynamic 
support including vasopressors. The goals would 
be to optimize myocardial perfusion and provide 
inotropic support of the right ventricle [16]. Blood 
pressure should be supported with vasopressors. 
Dobutamine has been shown to increase cardiac 
index and stroke volume and reduce pulmonary 
vascular resistance in the setting of VAE [16]. 
Norepinephrine has been suggested as another 
alternative and has been shown to increase blood 
pressure without increasing pulmonary vascular 
resistance.

Upon being informed about the hemodynamic 
changes the surgeons immediately flood the field 
with irrigation and the operating table is put into 
Trendelenburg position to place the patient’s head 
approximately level with the heart. Fluids are 
opened and phenylephrine is administered with 
good response and the patient’s systolic blood 
pressure increases to the 100s. A TEE is performed 
which demonstrates right ventricular strain and a 
relatively empty left-sided heart. As the patient’s 
blood pressure stabilizes a repeat TEE shows 
resolution of the right ventricular overload. Once 
the patient has been successfully resuscitated and 
is hemodynamically stable, her oxygenation and 
ventilation status also stabilize so after a discus-
sion with the neurosurgeons the decision is made 
to continue with the case. The rest of the surgery 
proceeds uneventfully and the surgeons finish 
the procedure which started at 7:30  am around 
7:00  pm. At the end of the case all anesthetic 
agents are discontinued. After 30 min the patient 
continues to require ventilatory support and is not 
responding to aggressive stimulation.

4.3  Postoperative Management

Question 16:
What is delayed emergence?

Answer:
Delayed emergence after anesthesia does not have 
a precise definition in the literature but is generally 
agreed to be the failure of a patient to regain the 
expected level of consciousness about 30–60 min 
after all anesthetic agents have been discontin-
ued [22]. Some authors suggest that emergence is 
delayed if the appropriate level of consciousness is 
not regained within 15 min after discontinuation 
of all anesthetic agents [23]. Frost suggests that 
causes for delayed emergence can be categorized 
into four broad categories: patient factors, drug 
factors, surgical factors, and metabolic factors 
[22]. This schematic may be helpful in determin-
ing possible etiologies that are more likely when 
faced with a case of delayed emergence. Patient 
factors include extremes of age, genetic variation, 
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body habitus, comorbidities, obstructive sleep 
apnea (OSA), preexisting cognitive dysfunction, 
seizures, and CVA.  Drug factors include over-
dose, prolonged exposure to inhaled or IV agents, 
residual neuromuscular blockade, potentiation by 
other drugs, local anesthetic toxicity, and fluid 
overload. Surgical factors include long duration 
and of course, type of surgery [22]. Neurosurgical 
procedures have the highest risk for delayed emer-
gence [22]. Causes of delayed emergence specific 
to neurosurgical cases include pneumocephalus, 
CVA, CSF hypotension, and seizure [23].

In neurosurgical cases one of the priorities in 
terms of anesthetic management is rapid recov-
ery from anesthesia so that a postoperative neu-
rologic assessment can be obtained as quickly as 
possible. However, in some procedures gradual 
emergence may in fact be desired and is planned 
so as to have a controlled extubation. For instance 
prone positioning may result in macroglossia and 
concern for airway edema so the emergence may 
be delayed to allow the edema to improve. The 
region of the brain being operated on also plays 
an important role in determining how quickly the 
patient emerges from anesthesia. In one series 
of 800 patients undergoing infratentorial proce-
dures, there were 398 cases (50%) of delayed 
emergence [24].

Question 17:
What are some likely causes for this patient’s 
delayed emergence?

Answer:
Along with the likely causes that may contribute 
to delayed emergence from anesthesia in general, 
this patient is at increased risk for several com-
plications related to the location of her surgery. 
Patients having posterior fossa procedures are at 
increased risk for postoperative edema because 
of the relatively confined space. The respiratory 
centers in the brainstem may have been affected 
from aggressive retraction or edema so it is criti-
cal that patients demonstrate a good respiratory 
pattern both in terms of frequency and adequate 
tidal volumes. Patients undergoing surgery in 
prone position are at increased risk of developing 
facial and airway edema. They may also have sig-

nificant macroglossia. A leak test should be con-
sidered prior to extubating the patient to ensure 
adequate patency of the airway. In addition, these 
patients are also more likely to have PONV so it 
is crucial that their level of consciousness be suf-
ficient for them to protect their airway. Because 
of these concerns, some neuroanesthesiologists 
advocate waiting to extubate patients who have 
undergone posterior fossa procedures for 1–2 h 
after they have completely recovered from anes-
thesia [23].

Patients undergoing a sitting position cra-
niotomy also have an increased likelihood of 
clinically significant pneumocephalus and in 
particular ventricular tension pneumocephalus 
(VTP). Risk factors for the development of pneu-
mocephalus include long duration of surgery, 
intraoperative use of nitrous oxide, preoperative 
hydrocephalus, intraoperative osmolar therapy, 
hyperventilation, spinal anesthesia, barotrauma, 
and continuous CSF drainage via a lumbar drain 
[25]. The risk of VTP is increased in sitting 
position craniotomy because of the “inverted 
bottle phenomenon” whereby hydrostatic pres-
sure causes CSF to drain and be replaced by air 
which rises and cannot exit [25]. Higher vol-
umes of intraventricular air are associated with 
the development of VTP with average volumes 
of 48.5 mL in symptomatic vs. 7.4 mL in asymp-
tomatic patients [25]. The strongest risk factor 
for the development of VTP was intraopera-
tive opening of the fourth ventricle with an OR 
of 34.7 (CI 95% [4.4–273.5], p  =  0.001) [25]. 
While some neurosurgeons may opt to place an 
external ventricular drain (EVD) prophylacti-
cally in order to be able to treat potential VTP, 
there is no data in the literature to support this 
practice [25].

The rates of VTP reported in the literature vary 
but in general are low. In a review of 307 patients 
undergoing craniotomy in sitting position at a 
single institution, 12 patients (3.9%) were diag-
nosed with VTP [25]. In comparison, another 
recent case review of 450 suboccipital cranioto-
mies performed in sitting position reports the rate 
of VTP to be only 0.2% [4]. VTP is managed by 
placement of an EVD.  Of the 12 patients with 
VTP, 5 improved immediately after placement 
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of the EVD and woke up while 4 experienced a 
more gradual improvement in neurologic status 
over the next several days [25].

The decision is made to leave the patient intu-
bated and she is transferred to the neurosurgi-
cal intensive care unit for further management. 
She is still not responding to painful stimulus on 
postoperative day (POD) 1 so she is transported 
to the computed tomography (CT) scanner for 
STAT imaging. The head CT shows significant 
pneumocephalus with other expected postopera-
tive changes. An EVD is placed and the patient 
begins to demonstrate an improved respiratory 
pattern over the next several days. She is follow-
ing commands and is extubated on POD 4. Her 
neurologic exam is consistent with her preopera-
tive baseline. She is transferred to the floor on 
POD 6 and is discharged home on POD 8.

4.4  Conclusion

CPA tumors are not uncommon and their resec-
tion poses many challenges for the anesthesi-
ologist and neurosurgeon. These procedures 
can be performed with the patient in a variety 
of positions. Currently these surgeries are per-
formed with the patient in sitting position less 
and less commonly because of the concern for 
increased risk of VAE.  Sitting position does 
offer numerous advantages in terms of surgical 
exposure and anesthetic management. There is 
currently no consensus about the need for for-
mal preoperative evaluation for PFO in patients 
who are being considered for surgery in sitting 
position. Several recent formal case reviews do 
suggest that the risk of VAE resulting in PAE is 
extremely low; however, most authors do con-
tinue to recommend that patients with known 
PFO not undergo sitting position craniotomies.

Continuous monitoring for VAE during a cra-
niotomy in sitting position is mandatory. While 
TEE is most sensitive for detection of VAE, most 
authors agree that the current standard of care, 
which is the use of precordial Doppler in con-
junction with ETCO2 monitoring, is sufficient. A 
CVC is required for craniotomies in sitting posi-

tion in the event that it is necessary to aspirate air 
from the right atrium. The Bunegin- Albin cath-
eter has been shown to result in higher success 
rates in aspirating air in animal models; however, 
there has been very little data published in the lit-
erature on the efficacy of aspirating air via CVC 
in humans.

Finally patients undergoing surgical resection 
of CPA tumors have an increased incidence of 
numerous postoperative complications, includ-
ing impaired respiratory drive, airway edema 
depending on the intraoperative positioning, and 
clinically significant VTP.  Therefore, it is criti-
cal to make sure that patients have completely 
emerged from anesthesia and are demonstrating 
a regular respiratory pattern and ability to protect 
their airway before extubation.

Multiple Choice Questions
 1. What is the gold standard for diagnosis of 

PFO?
 (a) TTE
 (b) TEE
 (c) TCD
 (d) TCD and TEE
Answer: b

The gold standard for diagnosis of PFO 
is TEE because it is most sensitive. Some 
authors advocate for performing TCD in con-
junction with TEE for diagnosis of VAE.

 2. What is the current standard of care for detec-
tion of intraoperative VAE?
 (a) TTE
 (b) TEE
 (c) Precordial Doppler
 (d) Precordial Doppler and ETCO2 detector
Answer: d

The current standard of care for detection 
of intraoperative VAE is the use of precordial 
Doppler along with continuous ETCO2 moni-
toring. TEE is the most sensitive diagnostic 
modality for detection of VAE but is invasive 
and may require additional personnel certified 
in ECHO to interpret the findings. Precordial 
Doppler is nearly as sensitive as TEE and has 
the advantages of being noninvasive and not 
requiring special training to interpret
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 3. A VAE is detected in a 45-year-old woman 
undergoing CPA tumor resection in sitting 
position. Her MAPs are in the 50s. Which of 
the following vasopressors is the best choice?
 (a) Phenylephrine
 (b) Vasopressin
 (c) Dobutamine
 (d) Epinephrine
Answer: c

Dobutamine has been shown to increase 
cardiac index and stroke volume and reduce 
pulmonary vascular resistance in the setting 
of VAE.  Vasopressin is a viable alternative 
because it does not increase PVR.

 4. During a VS resection in you notice signifi-
cant bradycardia to the 30s on the patient’s 
EKG reading. What is your next step?
 (a) Administer atropine
 (b) Inform the surgeons
 (c) Administer epinephrine
 (d) Administer ephedrine
Answer: b

During posterior fossa procedures, manip-
ulation of the pons, medulla, and/or vagus 
nerve can result in significant arrhythmias 
and hemodynamic changes. While the imme-
diate impulse is to treat such disturbances 
pharmacologically, doing so may risk warn-
ing signs of impending damage to these 
structures. Thus, the initial response should 
be to inform the surgeons to see if releasing 
retraction and modifying their approach will 
result in improvement of these hemodynamic 
disturbances.
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Management of Patient 
with Aneurysmal Subarachnoid 
Hemorrhage

Charu Mahajan, Indu Kapoor, 
and Hemanshu Prabhakar

Stem Case Terminology
A 54-year-old male was brought in the emer-
gency department by his son. He was apparently 
alright until 6 h back when he complained of sud-
den onset of severe headache followed by vomit-
ing and transient loss of consciousness. He was 
a known case of hypertension on Tab. amlodip-
ine 10 mg OD. On examination, the patient had 
a GCS score of E4V5M6 (drowsy), with pupils 
bilaterally equal in size and reacting to light. 
There was presence of neck rigidity and no other 
motor/sensory deficit. Heart rate—92/min, blood 
pressure—178/92  mmHg, respiration: 20/min, 
temperature: 37.2 °C, SpO2—97% on face mask 
with oxygen flow @ 6 L/min. Chest and CVS 
examination findings were normal. Mallampati 
score could not be assessed but from other 
external parameters, airway appeared normal. 
Samples for routine investigations were sent.

5.1 Preoperative

Question 1:
What is your differential diagnosis? How will 
you proceed?

Answer:
Development of sudden and severe headache 
with vomiting, loss of consciousness, and focal 
neurological deficit points toward an intracranial 
event like:

 1. Hemorrhagic stroke
 2. Aneurysmal subarachnoid hemorrhage (SAH)—

strong possibility because of abrupt onset
 3. Pituitary apoplexy: odd: hypertension
 4. Tumor bleed: No prior positive history
 5. Meningitis: No previous positive history, no 

fever
 6. Migraine: Odd-loss of consciousness, pres-

ence of focal deficits

After stabilization of the patient, we will get 
an urgent non-contrast computed tomography 
(NCCT) scan done.

Question 2:
NCCT shows blood in right sylvian fissure with 
no other positive findings. For confirmation of 
diagnosis, how shall one proceed?

Answer:
Presence of blood in subarachnoid space 
usually points toward an aneurysmal bleed. 
Once the diagnosis of SAH is confirmed on 
computed tomography (CT) scan, the site of 
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bleed has to be determined by invasive tests 
digital subtraction angiogram (DSA) or non-
invasive ones like CT angiography (CTA) or 
MR angiography (MRA), depending on the 
 availability, expertise, and patient factors. 
Though DSA is still considered the gold stan-
dard, CTA or MRA can be carried out in cases 
where DSA cannot be performed in a timely 
manner [1]. Newer imaging techniques like 
multidetector CTA, 3  T field strength MRA, 
time-of-flight sequence, and three-dimen-
sional reconstruction have improved the accu-
racy of these tests.

The patient underwent DSA under local 
anesthesia. It revealed right-sided middle cere-
bral artery (MCA) bifurcation aneurysm of size 
4.24 × 3.18 × 2.42 mm pointing anteriorly and 
slightly superiorly having a neck diameter of 
2.4 mm.

Question 3:
What are the other common sites for intracranial 
aneurysm formation?

Answer:
The intracranial aneurysms usually form at 
branching sites where the hemodynamic stress is 
maximum. These are most commonly located in 
anterior circulation (85–95%), at anterior com-
municating artery (30%), posterior communicat-
ing artery (25%), and MCA (20%). The posterior 
circulation involving basilar and vertebral artery 
form the rest of the 5–15% aneurysms and carry 
a grave prognosis if they rupture.

Question 4:
Enumerate the risk factors for the development of 
intracranial aneurysms.

Answer:
Various risk factors are age, hypertension, fam-
ily history, smoking, drug abuse (cocaine), etc. 
Few conditions like autosomal polycystic kid-
ney disease, type IV Ehlers-Danlos syndrome, 
coarctation of aorta, connective tissue disorders, 
and arteriovenous malformations have a pro-
pensity for the development of an intracranial 
aneurysm.

Question 5:
What are the different SAH scores and how are 
they helpful?

Answer:
There are a variety of SAH scores, but only few 
are validated and are in common use. These scales 
help in prognostication of patients and assessment 
of risk of surgery, guide treatment decisions based 
on severity and for effective communication of 
patient’s condition among healthcare staff.

The commonly used scales are as follows:
Hunt and Hess scale (1968) [2]: It is the most 

widely used scale because of its ease of assess-
ment. It consists of five following grades:

• Grade 1: Asymptomatic or mild headache and 
slight nuchal rigidity

• Grade 2: Moderate to severe headache, stiff 
neck, no neurologic deficit except cranial 
nerve palsy

• Grade 3: Drowsy or confused, mild focal neu-
rologic deficit

• Grade 4: Stupor, moderate, or severe 
hemiparesis

• Grade 5: Deep coma, decerebrate posturing

The patient is allotted to one grade higher in 
the presence of serious systemic disease (hyper-
tension, diabetes, severe arteriosclerosis, chronic 
pulmonary disease) or vasospasm on angiography.

Hunt and Kosnik [3] 
modified it to add

–  Grade 0: Unruptured 
aneurysms

–  Grade 1a: fixed 
neurologic deficit

World Federation of Neurological Surgeons 
grading scale (1988) [4]
• Grade 1: GCS score 15, no motor deficit
• Grade 2: GCS score 13–14, no motor deficit
• Grade 3: GCS score 13–14, with motor 

deficit
• Grade 4: GCS score 7–12, with or without 

motor deficit
• Grade 5: GCS score 3–6, with or without 

motor deficit
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Fisher Scale (1980) [5]
• Group 1: No blood detected
• Group 2: Diffuse deposition or thin layer with 

all vertical layers of blood (in interhemi-
spheric fissure, insular cistern, or ambient cis-
tern) less than 1 mm thick

• Group 3: Localized clots and/or vertical layers 
of blood 1 mm or more in thickness

• Group 4: Intracerebral or intraventricular clots 
with diffuse or no subarachnoid blood

Few others to name are modified Fisher scale, 
Claassen CT rating scale, the VASOGRADE, 
Ogilvy and Carter grading system, etc.

Question 6:
To which grade does this patient belong to?

Answer:
This patient belongs to Hunt Hess grade 3 (II + I), 
WFNS score of grade 2, and Fisher grade 2.

Question 7:
What are the different radiological scales and 
how are they helpful?

Answer:
The different radiological scales are Fisher scale 
[5], modified Fisher scale [6], Hijdra sum score 
[7], and Claassen CT rating scale [8].

Modified Fisher scale comprises of four grades 
(0–4). Grade 0—no SAH, no intraventricular hem-
orrhage (IVH).  Grade 1—thin (<1  mm) diffuse 
or focal SAH; no IVH. Grade 2—thin (<1 mm) 
diffuse or focal SAH; no IVH.  Grade 3—thick 
(>1  mm) diffuse or focal SAH, no IVH.  Grade 
4—thick (>1  mm) diffuse or focal SAH, with 
IVH.

The risk of delayed cerebral ischemia (DCI) 
increases with increasing score and is maximum 
with grade 4 modified fisher scale. The modified 
Fisher scale is more significantly associated with 
clinical DCI than the Fisher scale and may have an 
advantage over it [9].

Hijdra sum score grades the amount of blood on 
computed tomography from 0 to 42, based on the 
presence of blood in fissure/cisterns and ventricles. 
However, it is tedious when applied clinically.

Claassen CT rating scale also gives an index 
of risk of DCI due to vasospasm depending upon 
the amount of SAH and IVH. However, it is also 
not clinically established.

Question 8:
What is early brain injury caused by an aneurysm 
rupture?

Answer:
When an aneurysm ruptures, blood extravasates 
into subarachnoid space under high pressure, 
resulting in increase in intracranial pressure 
(ICP).  The sudden increase in ICP leads to 
decrease in cerebral blood flow (CBF), global 
cerebral ischemia, and loss of consciousness. 
Blood and its breakdown products hinder in the 
free flow of CSF, causing hydrocephalous. All 
these early changes result in neuroinflammation, 
endothelial injury, microthrombosis, and exci-
totoxicity. These early changes which typically 
occur in the first 72  h are considered as factors 
further contributing to DCI, which we will be dis-
cussing later.

Question 9:
The patient was shifted to neuro-intensive care 
unit (ICU) for further management until prepara-
tion for surgery was made. What are the initial 
concerns in such a patient and how will you man-
age each?

Answer:
The initial concerns in such a patient relate to:

• Management of blood pressure
• Rebleeding
• Development of early hydrocephalus
• Seizures
• Fever
• Anemia
• Electrolyte abnormalities
• Cardiopulmonary dysfunction

Blood pressure: Acute increase in blood pres-
sure of SBP >160 mmHg in patients with unse-
cured aneurysms may lead to rebleeding and 
cerebral edema [10]. This should be avoided and 
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managed promptly. Similarly cerebral perfusion 
pressure (CPP) should be maintained >70 mmHg 
to prevent metabolic crisis [11].

Rebleeding: A major concern in the early phase 
of aneurysmal SAH is rebleeding as it is associ-
ated with high mortality and morbidity. About 
15–20% of the patients suffer rebleeding within 
first 14 days if not treated. The maximum risk is 
on the first day of ictus (9–17%) and then about 
1–2% daily for next 2 weeks. The risk factors for 
rebleeding are higher Hunt and Hess grade, large 
size of aneurysm, intracerebral hematoma, delay 
in definitive treatment, cerebrospinal drainage, 
hypertension, and seizures [10].

The use of antifibrinolytics decreases the risk 
of rebleeding but increases the ischemic changes 
resulting in no overall benefit in improving the 
outcome. But, based on its important effect on 
stabilization of clot, a short course (<72  h) of 
tranexamic acid or aminocaproic acid may be 
given in patients in whom there is delay in defini-
tive treatment of aneurysm but have no major 
contraindications to its use [1].

Any surge in blood pressure can result in 
rebleeding from the aneurysm. It is safe to 
keep the systolic blood pressure (SBP) below 
160 mmHg.

Hydrocephalus: The incidence of acute hydro-
cephalus is about 20–30%. If it is symptomatic, 
external ventricular drainage (EVD) may be 
required in early stage. The CSF drainage should 
be done very slowly and in small aliquots. As trans-
mural pressure (TMP)  =  mean arterial pressure 
(MAP) −ICP, so any rapid lowering of ICP may 
result in increase in TMP and re-rupture of 
aneurysm.

About 50% of these patients may develop 
chronic hydrocephalous because of silting of 
arachnoid granulations and pia-arachnoid adhe-
sions, which interfere with the outflow and 
absorption of CSF. These patients subsequently 
require permanent shunting procedures.

Seizures: It occurs in about 26% of SAH 
patients, associated with poor grade SAH, thick 
blood clot, hematoma, infarction, and MCA 

aneurysms. A greater subarachnoid blood clot 
burden and subdural hematomas are important 
covariates for the occurrence of seizures [12].

Seizures occurring prior to definitive manage-
ment of aneurysm may lead to rebleeding. The 
routine use of antiepileptics has no role in the 
management, and long-term therapy is not recom-
mended. However, a short course of AED (<7 days) 
may be given in early days after ictus [13].

Fever: Fever during early stage after bleeding 
can increase the secondary brain injury and is 
associated with DCI and poor outcome [14]. 
Factors like poor Hunt and Hess grade, presence 
of IVH, and older age are independent predic-
tors of fever in SAH [15]. Pharmacological 
treatment along with cold sponging methods 
may help. Endovascular cooling devices have 
also been used, but no beneficial effect on out-
come has been found.

Anemia: Anemia has been associated with poor 
outcome as the ongoing ischemia further com-
promises the brain metabolic supply in these 
patients. On the other hand, blood transfusion has 
failed to show any improvement in outcome. In a 
recent study, the effect of transfusion on cerebral 
oxygenation was investigated by using multimo-
dality monitoring in 15 consecutive patients with 
SAH. Packed red blood cell transfusion was asso-
ciated with improvement in brain tissue oxygen 
[16].

Electrolyte abnormalities: Sodium abnormali-
ties especially hyponatremia are very common 
after SAH. This can be because of syndrome of 
inappropriate secretion of anti-diuretic hormone 
(SIADH), cerebral salt wasting syndrome (CSW), 
dilutional hyponatremia, use of diuretics, and cor-
ticotropic hormonal deficiency. SIADH and CSW 
can be differentiated by serum osmolality (<275 
mOSm/Kg in SIADH), urine sodium (>40 meq/L 
in SIADH), urine osmolality (>100 mOSM/Kg in 
SIADH), hematocrit levels (decreased in SIADH), 
and urinary output (increased in CSW). The 
patient will be normovolemic/hypervolemic in 
SIADH but will be hypovolemic in CSW because 
of loss of water and sodium. Management depend-
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ing upon the cause should be carried out. 
Normovolemia should be maintained at all times. 
Hypernatremia can occur due to dehydration or 
central diabetes insipidus (DI). Accurate diagno-
sis of DI and management is essential. It should 
be slowly corrected to avoid complications.

Cardiac abnormalities: Spectra of cardiac 
abnormalities can be seen in these patients vary-
ing from benign electrocardiographic (ECG) 
abnormalities, arrhythmias, ST segment changes 
mimicking myocardial infarction (MI) to serious 
echocardiographic changes like wall motion 
abnormalities. Neurogenic stunned myocardium 
develops as a result of intense sympathetic surge 
resulting in cardiac dysfunction. It comprises left 
ventricular dysfunction, ECG changes, and ele-
vation in cardiac enzymes. Its diagnosis is a chal-
lenge and has to be differentiated from acute 
MI.  Early goal-directed therapy guided by pre-
load volume and cardiac output monitoring by 
transpulmonary thermodilution was found to be 
beneficial for reducing DCI and improving func-
tional outcome in patients with poor clinical 
grade [17].

Pulmonary edema: The patient can develop 
dyspnea, hemoptysis, tachypnea, tachycardia, 
and basal rales. Intense sympathetic stimula-
tion may lead to increase in pulmonary pres-
sures resulting in neurogenic pulmonary edema. 
The criteria for diagnosis of NPE has been pro-
posed which includes bilateral opacities, PaO2/
FiO2 ratio <220, no evidence of LAH, presence 
of severe CNS injury, and absence of other 
causes of respiratory failure [18]. However, in 
patients with pre-existing cardiac disease, car-
diogenic pulmonary edema may also arise. 
Even severe neurogenic pulmonary edema may 
also lead to features of cardiac failure and exac-
erbation of pulmonary edema. There is high 
probability of overlap of these two different 
types of pulmonary edema, and their differen-
tiation is difficult.

The treatment should be supportive with oxy-
gen inhalation and mechanical ventilation when 
required. Lowering of raised ICP is beneficial for 
neurogenic pulmonary edema.

Question 10:
When should definitive treatment be instituted, 
early or late?

Answer:
The results of international cooperative study 
indicated no difference in outcome in patients 
operated early (0–3  days) or late (11–14  days) 
[19]. The definitive treatment of ruptured cerebral 
aneurysms should be done as early as possible.

It was decided to take up the patient for open 
craniotomy and clipping of aneurysm.

Question 11:
How does one decide between surgical clipping 
and endovascular coiling?

Answer:
The factors taken into consideration for deciding 
the mode of treatment are age, general condition, 
location, size of aneurysm, whether wide-necked 
aneurysm, perforators originating from wall, co- 
existing hematoma, large blood load, etc.

For an aneurysm that is technically equally 
amenable to surgical clipping and endovascular 
coiling, latter is preferred. Patients having large 
intraparenchymal hematomas and MCA aneu-
rysms are preferred candidates for surgical clip-
ping. Ruptured aneurysms in elderly patients 
(>70 years), poor-grade patients (WFNS IV/V), 
and aneurysms of basilar apex are chosen for 
endovascular coiling [1].

Balloon remodeling and intracranial stenting 
are the endovascular techniques used to assist coil-
ing in wide-necked aneurysms. The role of flow 
divertors in unruptured aneurysms is quite estab-
lished but now it is also being used in carefully 
selected set of patients having aneurysmal SAH.

Question 12:
How will you evaluate the patient before surgery?

Answer:
Before surgery, the patient has to be evaluated 
for clinical features, days to ictus, neurological 
deficits, comorbidities, and SAH grade. Systemic 
examination tells about the hemodynamic vari-
ables and the presence of other non-neurological 
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complications. Investigations that are required 
before taking up the patient for surgery include 
complete hemogram, renal function tests, serum 
electrolytes, blood sugar, coagulation pro-
file, X-ray chest, and ECG.  CT scan should be 
reviewed for assessing the presence of hydro-
cephalous, blood load and any hematoma, Fisher 
grade, or infarct. The location and size of aneu-
rysm and the presence of angiographic vaso-
spasm can be known from the angiographic films.

Question 13:
Will you premedicate this patient?

Answer:
I will not premedicate this patient with any seda-
tives as he is already drowsy, and administration 
of such drugs may interfere with neurological 
examination. I shall order continuation of Tab. 
nimodipine 60 mg every 4 h and Tab. amlodipine 
10 mg OD. H2-blocker may be given in the morn-
ing of surgery.

5.2 Intraoperative

Question 14:
What are your anesthetic goals?

Answer:
 1. Strict control of hemodynamics
 2. Prevent any fluctuations in ICP
 3. Maintain adequate CPP
 4. Make the brain slack enough for adequate sur-

gical exposure and safe clipping.
 5. Provision of neuroprotection when prolonged 

temporary clipping time is anticipated
 6. Enable neuromonitoring and evoked potential 

recording
 7. Smooth emergence

Question 15:
How should induction of anesthesia be carried 
out in this patient?

Answer:
In the operating room, we will attach routine 
monitors like ECG, NIBP, and SpO2. Direct 

blood pressure may be transduced from an arte-
rial line secured under local anesthesia. General 
anesthesia will be induced with 2  μg/kg fen-
tanyl, 2–2.5  mg/kg propofol, and 0.8  mg/kg 
rocuronium. To blunt the pressor response just 
before laryngoscopy, an additional small dose 
of hypnotic agent may be administered. A gentle 
and quick laryngoscopy is done, and airway is 
secured with a tracheal tube. Anesthesia can be 
maintained with oxygen in nitrous oxide or air 
along with inhalational agent sevoflurane. There 
is no evidence that nitrous oxide is associated 
with poor outcome in these patients [20].

Question 16:
How does anesthetic technique affect the 
aneurysm?

Answer:
The major concern during intraoperative care 
is to prevent aneurysm rupture. Blood pres-
sure variation and levels of arterial carbon 
dioxide play an important role in maintaining 
brain homeostasis. TMP is the pressure pres-
ent across the aneurysmal wall, which if rises, 
can lead to aneurysm rupture. It is calculated as 
TMP = MAP − ICP. So, increase in blood pres-
sure will increase the TMP and hence the risk of 
rupture also rises. On the other hand, CPP has 
to be maintained around 70  mmHg to prevent 
ischemia of the brain.

Similarly, any vigorous hyperventilation in 
good grade patients can lower ICP and lead to 
increase in TMP, further subjecting the patients 
to risk of rupture. But, in poor-grade patients, 
hyperventilation will be required to lower the 
ICP and to maintain CPP.

Question 17:
What are the monitoring modalities which you 
can use intraoperatively?

Answer:
Other than the standard ASA monitoring like 
ECG, NIBP, SpO2, EtCo2, and urine output, we 
would like to do invasive beat-to-beat blood 
pressure monitoring by an arterial line. We will 
also insert a central line 7 F in the right internal 
jugular vein. Patients might need a BIS/entropy 
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monitor to titrate the anesthetic agent accord-
ing to burst suppression ratio (BSR), in case 
prolonged temporary clipping is required. The 
use of somatosensory evoked potentials (SSEP) 
and motor evoked potentials (MEP) monitor-
ing intraoperatively requires modification of the 
anesthetic technique to TIVA/opiod infusion and 
omission of muscle relaxants for the maintenance 
of anesthesia. The other intraoperative neuro- 
monitoring modalities which can be used are 
near infrared spectroscopy (NIRS) and jugular 
venous oximetry for assessing the brain oxygen-
ation. Transcranial Doppler (TCD) has also been 
used intraoperatively to study CBF changes but 
is logistically difficult. A rapid sampling micro-
dialysis catheter can be used intraoperatively to 
study the brain metabolism of at-risk area [21].

The surgeon is dissecting around the aneu-
rysm and suddenly rupture occurs.

Question 18:
How will you manage?

Answer:
The treatment of aneurysm rupture is mainly 
supportive with fluid and blood resuscitation. 
Adenosine can also be used for the purpose of 
transient profound hypotension or cardiac arrest 
in cases of frank intraoperative aneurysm rup-
ture, where the surgeon requires visualization 
of clear surgical field for clipping of aneurysm. 
Adenosine 0.3–0.4  mg/kg administered intra-
venously through a central line or a large vein 
induces a state of profound hypotension for a 
period of about 45 s [21]. This can be useful when 
application of temporary clip is not feasible, as in 
complex aneurysms or in cases where rupture of 
aneurysm blinds the surgical field. Adenosine in 
latter condition, by virtue of its transient but pro-
found hypotensive effect, can reduce the bleeding 
and enable the surgeon to apply an aneurysm clip 
successfully. Escalating doses of adenosine (6, 
12, 18, 24, and 36 mg) may be given and titrated 
to achieve approximately 30  s of asystole [23]. 
Few contraindications for adenosine administra-
tion are patients with coronary artery stenosis, 
atrioventricular (AV) conduction defects (second 
degree AV block), severe reactive airway disease, 
and sick sinus syndrome/heart block.

Question 19:
What are the neuroprotective modalities 
employed during surgery?

Answer:
Agents like thiopental and propofol reduce the 
cerebral metabolic rate and allow brain to tolerate 
longer ischemic times during temporary clipping. 
The hypotension occurs during administration of 
such agents, and concurrent infusion of vasopres-
sor is needed. However, there is no definite proven 
role of improvement in the outcome by any phar-
macological agent [24]. Hypothermia which has a 
beneficial effect in global ischemia does not confer 
much protection during this surgery [25]. The best 
method is to maintain systemic and brain homeo-
stasis by maintaining normotension, normoxia, 
normocapnia, normothermia, and normoglycemia.

The surgeon is able to clip the aneurysm. 
Now, he wants to perform intraoperative 
videoangiography.

Question 20:
How is it performed?

Answer:
Any residual aneurysm or any parent/perfora-
tor occlusion can be checked and corrected on 
table by means of indocyanine green videoan-
giography (ICG-VA). A special microscope with 
an integrated infrared fluorescence module is 
required to visualize the real-time flow of dye 
through the cerebral vessels, within seconds after 
its intravenous administration. An intravenous 
dose of 0.2–0.5 mg/kg is generally used with a 
maximum permissible dose of 5 mg/kg/day. Few 
side effects like anaphylaxis and transient oxygen 
desaturation may occur rarely.

Question 21:
Will you extubate this patient on OR or ventilate 
postoperatively?

Answer:
A patient of HH grade III may be extubated in 
OR depending upon his condition and other intra-
operative variables. In view of the intraoperative 
rupture of the aneurysm, I would like to ventilate 
this patient in postoperative period.
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5.3 Postoperative

The patient is shifted to neurosurgical ICU for 
postoperative ventilation and extubated on post-
operative day (POD) 2. On the 6th POD, the 
patient becomes drowsy. What can be the pos-
sible reasons for change in consciousness?

Change in consciousness can be primarily due 
to hypotension, hydrocephalous, sodium distur-
bances, rebleeding, seizures, DCI, or develop-
ment of an infarct.

Question 22:
What do you mean by terms vasospasm and 
DCI?

Answer:
The term vasospasm is reserved for angiographic 
evidence of narrowed cerebral arteries. On the 
other hand, DCI is defined as the development 
of neurological deterioration with the presence 
of focal neurological signs and/or presence of 
radiographic evidence (CT/magnetic resonance 
imaging [MRI]) of ischemia [26]. While 70% of 
SAH patients have angiographic vasoconstric-
tion, only 20–30% develop DCI [27]. It occurs 
mainly 3–14 days after ictus.

DCI has a multifactorial pathophysiology 
like cortical spreading depolarization, cerebral 
vascular dysregulation, microthrombosis, and 
neuroinflammation. It is associated with signifi-
cant morbidity and mortality. The patient pres-
ents with delayed neurological deterioration 
and development of new neurological deficits. 
The therapies targeted to resolve cerebral vaso-
spasm often fail to improve the outcome in these 
patients. Over the time, now DCI and vasospasm 
are known to be two separate entities with vaso-
spasm being just one but an important out of the 
several factors involved in pathogenesis of DCI.

Question 23:
How will you diagnose cerebral vasospasm?

Answer:
Various modalities for diagnosis of cerebral 
vasospasm are:

Clinical: In neurologically intact patients, 
serial clinical examinations help to detect any 
alteration in consciousness or development of 

any focal neurological deficit that cannot be 
owed to any other probable cause. However, in 
poor- grade patients, subtle changes will not be 
evident early, and other diagnostic modalities 
become more important.

Digital subtraction angiography: It is consid-
ered as gold standard for the diagnosis of nar-
rowing of cerebral vessels. At the same time, it 
also allows endovascular interventions and intra- 
arterial administration of various therapeutic 
agents for reversing vasospasm. CTA is another 
noninvasive alternative to DSA, which can detect 
vasospasm with high sensitivity and specificity 
[28]. Magnetic resonance angiography- time-of-
flight sequence is specific for diagnosis of cere-
bral vasospasm.

TCD ultrasonography: Cerebral vasospasm 
causes narrowing of blood vessels which lead 
to an increase in CBF velocity. This can be 
measured noninvasively by TCD ultrasonog-
raphy. Normal MCA CBF velocity values are 
taken as <120 cm/s and velocity >180 cm/s has 
high positive predictive value [29]. To differen-
tiate hyperemia from vasospasm, Lindegaard 
index is used which is a ratio of MCA mean 
CBF velocity and extracranial internal carotid 
artery mean CBF. Value of 3–6 indicates mild-
moderate vasospasm and >6 indicates severe 
vasospasm [30]. TCD has a sensitivity of 90%, 
specificity 71%, positive predictive value 57%, 
and negative predictive value 92% for the diag-
nosis of vasospasm. TCD evidence of vaso-
spasm is highly accurate for the prediction of 
DCI [31]. However, it also has many limita-
tions pertaining to anatomical variation, tech-
nical challenges, and inability to assess distal 
vasculature.

Brain perfusion imaging: Various modalities 
for measuring perfusion are Xenon CT, computed 
tomographic perfusion, single-photon emis-
sion computed tomography, positron emission 
tomography, MR perfusion-weighted imaging, 
and Xenon CT. A decrease in regional blood flow 
or increase in mean transit time (MTT) >5–6.4 s 
correlates well with DCI [32]. Brain perfusion 
studies can detect even microcirculatory cere-
bral vasospasm even when cerebral angiogram 
depicts no apparent visible narrowing.

Electroencephalography: Reduction in alpha/
delta ratio or alpha variability is sensitive and 
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specific for predicting DCI before the onset of 
symptoms [33]. Subcortical electrocorticography 
and intracranial EEG may detect changes even 
earlier than scalp EEG [34].

Other neuromonitoring: NIRS is a noninva-
sive means to detect cortical oxygen desatura-
tion as may occur during cerebral vasospasm. It 
can alert the physician to carry out other more 
sensitive and specific tests for the detection of 
vasospasm.

Jugular venous oximetry: It is one of the inva-
sive methods to detect cerebral ischemia (value 
<55%), but is less sensitive to detect vasospasm 
as it provides us with more of a global value 
rather than regional values.

Cerebral microdialysis: The microdialysis 
catheter placed in the parent vessel territory of 
ruptured aneurysm or within the watershed area 
is able to sample the interstitial metabolic milieu. 
Increase in values of lactate: pyruvate ratio >40 
and decrease in glucose levels have occurred, 
hours before DCI onset [35]. The trend moni-
toring may provide information about a window 
period during which therapeutic interventions 
may be applied to improve the outcome.

Question 24:
Discuss the management of DCI.

Answer:
Prevention, early detection, and management are 
important for improving the outcome of these 
patients. Nimodipine is the only drug which has 
been found to be associated with better outcome 
in aneurysmal SAH patients despite having no 
role in improving the angiographic vasospasm 
[36]. It is prescribed as 60  mg orally, 4  h for 
21 days. A phase 3 clinical trial has been planned 
to assess the safety and efficacy of intraventricular 
EG-1962 (extended-release microparticle formu-
lation of nimodipine) to standard oral nimodipine 
in improving the neurological outcome of these 
patients [37].

Several other interventions like clazosentan 
[38], erythropoietin [39], magnesium [40], statins 
[41], prophylactic angioplasty [42], prophylactic 
hypervolemia, and prophylactic hypertension [43] 
have been tried for cerebral vasospasm or DCI 
prevention, but with no beneficial role in improv-
ing the outcome. Prophylactic hypervolemia is 

associated with additional cost and complications 
while having no beneficial effect on reducing 
vasospasm or DCI.  Maintenance of euvolemia 
and normal serum sodium levels may help in the 
prevention of DCI [44]. Even use of cisternal 
irrigation with saline at the time of open surgery 
to clear away blood and its breakdown products 
has no proven evidence in improving outcome. 
Intraoperative cisternal/ventricular instillation of 
tissue plasminogen activator and lumbar drainage 
of CSF to enhance the clearance of blood and its 
breakdown products have also been found not to 
improve neurologic outcome [45, 46].

For the treatment-delayed cerebral ischemia, 
a three-stage algorithm has been suggested 
[47]. For the new-onset DCI, the first step sug-
gested is induced hypertension with target SBP 
of 160–220 mmHg, along with the maintenance 
of euvolemia. This was based on the evidence 
that hypertension was the most important out of 
triple “H” therapy and thus hypervolemia and 
hemodilution fell out of favor. The AHA guide-
lines recommend induced hypertension for the 
treatment of DCI, provided cardiac status per-
mits it [1]. However, results from a premature 
halted HIMALAIA trial due to slow recruitment 
does not add to any evidence to support induced 
hypertension [48]. From a recent retrospective 
study involving 1647 patients, hypertension 
induction in patients having clinical signs of DCI 
reduced the development of cerebral infarcts and 
poor clinical outcome [49].

The next step is the rescue therapy—tier 1 
and 2. Tier 1 therapy includes endovascular ther-
apy for medically refractory cases. This can be 
performed by mechanical angioplasty or intra- 
arterial infusion of vasodilators. Proximal vaso-
spastic vessels can be dilated by angioplasty, but 
pharmacological angioplasty is effective for dis-
tal vasculature also. Various agents used for this  
purpose are nimodipine, nicardipine, verapamil, 
milrinone, papaverine, and fasudil. The conse-
quent hypotension secondary to these agents needs 
to be taken care of. Milrinone, a phosphodiester-
ase inhibitor, is used for intra- arterial administra-
tion at dose of 8 mg over 30 min with a maximum 
dose of 24 mg [50]. The intravenous dose is 1 μg/
kg/min given usually for 5–7 days and then gradu-
ally tapered. The continuous intravenous infusion 
has been found to be as efficient as combined 
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intra-arterial + intravenous infusion and has been 
suggested as first easy-to-use option [51]. Though 
it improves the vasospasm, its beneficial effect in 
improving outcome is uncertain due to the vari-
ability in dosing and route of administration [52].

The other tier 1 rescue therapy includes car-
diac output optimization (Cardiac index >4.0 L/
min/m2) and maintenance of hemoglobin above 
8–10  g/dL, with higher levels appropriate for 
patients having DCI [53]. The tier 2 therapy 
includes use of therapeutic hypothermia, admin-
istration of intrathecal vasodilators, use of hyper-
tonic saline in raised ICP cases and experimental 
use of aortic flow diversion and intra-aortic bal-
loon pump with no evidence to prove their actual 
utility.

Vasospasm and DCI are much beyond just 
the large vessel narrowing with multiple parallel 
pathogenic arms. Therapies to target it at mul-
tiple levels might be of some help.

Multiple Choice Questions
 1. Which one of these is a Class I, level A 

recommendation?
 (a) Hypertension should be treated, and such 

treatment may reduce the risk of DCI.
 (b) Oral nimodipine should be administered 

to all patients with aSAH.
 (c) Complete obliteration of the aneurysm is 

recommended whenever possible.
 (d) Maintenance of euvolemia and normal 

circulating blood volume is recommended 
to prevent DCI.

Answer: b
 2. Risk of cerebral vasospasm is highest in 

patients of which grade?
 (a) Modified Fisher grade 4
 (b) Modified Fisher grade 3
 (c) Fisher grade 4
 (d) Hunt and Hess grade 2
Answer: a

 3. Intraoperative bolus of adenosine may be used 
for the purpose of all except:
 (a) Flow arrest during clipping
 (b) Aneurysm rupture
 (c) Neuroprotection
 (d) Paroxysmal supraventricular tachycardia
Answer: c

 4. The present modalities for managing delayed 
cerebral vasospasm are all except:
 (a) Nimodipine
 (b) “Triple H” therapy
 (c) Hypertension
 (d) Intravenous milrinone
Answer: b

 5. Lindegaard ratio less than 3 indicates:
 (a) Mild vasospasm
 (b) Moderate vasospasm
 (c) Severe vasospasm
 (d) Hyperemia
Answer: d

References

 1. Connoly ES Jr, Rabinstein AA, Carhuapoma JR, 
Derdeyn CP, Dion J, Higashida R, et al. Guidelines 
for the management of aneurysmal subarachnoid 
haemorrhage: a guideline for healthcare profession-
als from the American Heart Association/American 
Stroke Association. Stroke. 2012;43:1711–37.

 2. Hunt WE, Hess RM. Surgical risk as related to time of 
intervention in the repair of intracranial aneurysms. J 
Neurosurg. 1968;28:14.

 3. Hunt WE, Kosnik EJ. Timing and perioperative care 
in intracranial aneurysm surgery. Clin Neurosurg. 
1974;21:79.

 4. Report of World Federation of Neurological Surgeons 
Committee on a universal Subarachnoid Hemorrhage 
Grading Scale. J Neurosurg. 1988;68:985.

 5. Fisher CM, Kistler JP, Davis JM. Relation of cerebral 
vasospasm to subarachnoid hemorrhage visualised 
by computed tomographic scanning. Neurosurgery. 
1980;6:1.

 6. Frontera JA, Claassen J, Schmidt JM, Wartenberg KE, 
Temes R, Connolly ES Jr, et al. Prediction of symp-
tomatic vasospasm after subarachnoid haemorrhage: 
the modified fisher scale. Neurosurgery. 2006;59: 
21–7.

 7. Dupont SA, Wijdicks EF, Manno EM, Lanzino G, 
Rabinstein AA. Prediction of angiographic vasospasm 
after aneurysmal subarachnoid hemorrhage: value 
of the Hijdra sum scoring system. Neurocrit Care. 
2009;11:172–6.

 8. Claassen J, Bernardini GL, Kreiter K, Bates J, Du YE, 
Copeland D, et al. Effect of cisternal and ventricular 
blood on risk of delayed cerebral ischemia after sub-
arachnoid haemorrhage: the Fisher scale revisited. 
Stroke. 2001;32:2012.

 9. Van der Steen WE, Leemans EL, van den Berg R, et al. 
Radiological scales predicting delayed cerebral isch-
emia in subarachnoid hemorrhage: systemic review 
and meta-analysis. Neuroradiology. 2019;61(3):247–
56. https://doi.org/10.1007/s00234-019-02161-9.

C. Mahajan et al.

https://doi.org/10.1007/s00234-019-02161-9


61

 10. Ohkuma H, Tsurutani H, Suzuki S.  Incidence and 
significance of early aneurysmal rebleeding before 
neuro-surgical or neurological management. Stroke. 
2001;32:1176–80.

 11. Schmidt JM, Ko SB, Helbok R, Kurtz P, Stuart RM, 
Presciutti M.  Cerebral perfusion pressure thresh-
olds for brain tissue hypoxia and metabolic crisis 
and poor grade subarachnoid haemorrhage. Stroke. 
2011;42:1351–6.

 12. Ibrahim GM, Fallah A, Macdonald RL. Clinical, labo-
ratory and radiographic predictors of the occurrence 
of seizures following aneurysmal subarachnoid haem-
orrhage. J Neurosurg. 2013;119:347–52.

 13. Raper DM, Starke RM, Komotar RJ, Allan R, 
Connollly ES.  Seizures after aneurysmal subarach-
noid haemorrhage: a systematic review of outcomes. 
World Neurosurg. 2013;79:682–90.

 14. Suehiro E, Sadahiro H, Goto H, Oku F, Oka Y, 
Fujiyama Y, et al. Importance of early postoperative 
body temperature management for treatment of sub-
arachnoid haemorrhage. J Stroke Cerebrovasc Dis. 
2016;25:1482–8.

 15. Zhang G, Zhang JH, Qin X.  Fever increased in- 
hospital mortality after sub-arachnoid haemorrhage. 
Acta Neurochir Suppl. 2011;110:239–43.

 16. Kurtz P, Helbok R, Claassen J, et  al. The effect of 
packed red blood cell transfusion on cerebral oxygen-
ation and metabolism after subarachnoid hemorrhage. 
Neurocrit Care. 2016;24:118–21.

 17. Mutoh T, Kazumata K, Terasaka S, Taki Y, Suzuki A, 
Ishikawa T.  Early intensive versus minimally invasive 
approach to postoperative hemodynamic management 
after subarachnoid hemorrhage. Stroke. 2014;45:1280–4.

 18. Davison DL, Terek M, Chawla LS. Neurogenic pul-
monary edema. Crit Care. 2012;16:212.

 19. Kassell NF, Torner JC, Jane JA, Haley EC, Adams 
HP.  The international cooperative study on the tim-
ing of aneurysm surgery. Part 2: surgical results. J 
Neurosurg. 1990;73:37–47.

 20. Pasternak JJ, McGregor DG, Lanier WL, Schroeder 
DR, Rusy DA, Hindman B, Clarke W, Torner J, Todd 
MM, IHAST Investigators. Effect of nitrous oxide 
use on long-term neurologic and neuropsychological 
outcome in patients who received temporary proximal 
artery occlusion during cerebral aneurysm clipping 
surgery. Anesthesiology. 2009;110:563–73.

 21. Bhatia R, Hashemi P, Razzaq A, Parkin MC, 
Hopwood SE, Boutelle MG, Strong AJ. Application 
of rapid-sampling, online microdialysis to the moni-
toring of brain metabolism during aneurysm surgery. 
Neurosurgery. 2006;58(4 Suppl 2):ONS-313-20; dis-
cussion ONS-321.

 22. Bebawy JF, Gupta DK, Bendok BR, Hemmer LB, 
Zeeni C, Avram MJ, et  al. Adenosine-induced flow 
arrest to facilitate intracranial aneurysm clip ligation: 
dose-response data and safety profile. Anesth Analg. 
2010;110:1406–11.

 23. Powers CJ, Wright DR, McDonagh DL, Borel CO, 
Zomorodi AR, Britz GW.  Transient adenosine- 
induced asystole during the surgical treatment of ante-

rior circulation cerebral aneurysms: technical note. 
Neurosurgery. 2010;67(2 Suppl Operative):461–70.

 24. Hindman BJ, Bayman EO, Pfisterer WK, Torner JC, 
Todd MM.  No association between intraoperative 
hypothermia or supplemental protective drug and 
neurologic outcomes in patients undergoing tem-
porary clipping during cerebral aneurysm surgery. 
Anesthesiology. 2010;112:86–101.

 25. Todd MM, Hindman BJ, Clarke WR, Torner JC, 
Intraoperative Hypothermia For Aneurysm Surgery 
Trial (IHAST) Investigators. Mild intraoperative 
hypothermia during surgery for intracranial aneu-
rysm. N Engl J Med. 2005;352:135–45.

 26. Vergouwen MD, Vermeulen M, van Gijn J, Rinkel GJ, 
Wijdicks EF, Muizelaar JP, et al. Definition of delayed 
cerebral ischemia after aneurysmal subarachnoid 
hemorrhage as an outcome event in clinical trials and 
observational studies: proposal of a multidisciplinary 
research group. Stroke. 2010;41:2391–5.

 27. Millikan CH. Cerebral vasospasm and ruptured intra-
cranial aneurysm. Arch Neurol. 1975;32:433–49.

 28. Wilson CD, Jai J, Shankar S. Diagnosing vasospasm 
after subarachnoid hemorrhage: CTA and CTP. Can J 
Neurol Sci. 2014;41:314–9.

 29. Miller C, Armonda R, Participants in the International 
Multi-Disciplinary Consensus Conference on 
Multimodality Monitoring. Monitoring of cerebral 
blood flow and ischemia in the critically ill. Neurocrit 
Care. 2014;21(S2):121–8.

 30. Lindegaard KF, Nornes H, Bakke SJ, Sorteberg W, 
Nakstad P. Cerebral vasospasm diagnosis by means of 
angiography and blood velocity measurements. Acta 
Neurochir (Wien). 1989;100:12–24.

 31. Kumar G, Shahripour RB, Harrigan MR. Vasospasm 
on transcranial Doppler is predictive of delayed 
cerebral ischemia in aneurysmal subarachnoid hem-
orrhage: a systematic review and meta-analysis. J 
Neurosurg. 2016;124:1257–64.

 32. Mir DIA, Gupta A, Dunning A, Puchi L, Robinson 
CL, Epstein HBAB, Sanelli PC.  CT perfusion for 
detection of delayed cerebral ischemia in aneu-
rysmal subarachnoid hemorrhage: a systematic 
review and meta-analysis. AJNR Am J Neuroradiol. 
2014;35:866–71.

 33. Rots ML, van Putten MJAM, Hoedemaekers CWE, 
Horn J. Continuous EEG monitoring for early detection 
of delayed cerebral ischemia in subarachnoid hemor-
rhage: a pilot study. Neurocrit Care. 2016;24:207–16.

 34. Stuart RM, Waziri A, Weintraub D, Schmidt MJ, 
Fernandez L, Helbok R, Kurtz P, Lee K, Badjatia 
N, Emerson R, Mayer SA, Connolly ES, Hirsch LJ, 
Claassen J.  Intracortical EEG for the detection of 
vasospasm in patients with poor-grade subarachnoid 
hemorrhage. Neurocrit Care. 2010;13:355–8.

 35. Patet C, Quintard H, Zerlauth JB, Maibach T, 
Carteron L, Suys T, et  al. Bedside cerebral micro-
dialysis monitoring of delayed cerebral hypo-
perfusion in comatose patients with poor grade 
aneurysmal subarachnoid haemorrhage. J Neurol 
Neurosurg Psychiatry. 2017;88:332–8.

5 Management of Patient with Aneurysmal Subarachnoid Hemorrhage



62

 36. Allen GS, Ahn HS, Preziosi TJ, Battye R, Boone SC, 
Chou SN, et al. Cerebral arterial spasm—a controlled 
trial of nimodipine in patients with subarachnoid 
haemorrhage. N Engl J Med. 1983;308:619–24.

 37. Hanggi D, Etminan N, Mayer SA, Aldrich EF, 
Diringer MN, Schmutzhard E, NEWTON investiga-
tors. Clinical Trial Protocol: Phase 3, Multicenter, 
Randomized, Double-Blind, Placebo-Controlled, 
Parallel-Group, Efficacy, and Safety Study Comparing 
EG-1962 to Standard of Care Oral Nimodipine in 
Adults with Aneurysmal Subarachnoid Hemorrhage 
[NEWTON-2 (Nimodipine Microparticles to 
Enhance Recovery While Reducing Toxicity After 
Subarachnoid Hemorrhage)]. Neurocrit Care. 
2019;30:88–97.

 38. MacDonald RL, Higashida RT, Keller E, et  al. 
Randomized trial of clazosentan in patients with 
aneurysmal subarachnoid hemorrhage: a randomized 
controlled trial. Stroke. 2005;36:1011–5.

 39. Tseng MY, Hutchinson PJ, Richards HK, Czosynka 
M, Pickard JD, Erber WN, Brown S, Kirkpatrick 
PJ. Acute systemic erythropoietin therapy to reduce 
delayed ischemic deficits following aneurysmal 
subarachnoid hemorrhage: a Phase II randomized, 
double- blind, placebo-controlled trial: clinical article. 
J Neurosurg. 2009;111:171–80.

 40. Mees SMD, Rinkel GJE, Vandertop WP, Pablo AA, 
Lavados M, van Kooten F, Kuijsten HAJM, Boiten J, 
van Oostenbrugge RJ, Salman RA-S, van den Bergh 
WM. Magnesium for aneurysmal subarachnoid haem-
orrhage (MASH-2): a randomised placebo-controlled 
trial. Lancet. 2012;380:44–9.

 41. Kirkpatrick PJ, Turner CL, Smith C, Hutchinson PJ, 
Murray GD, STASH Collaborators. Simvastatin in 
aneurysmal subarachnoid haemorrhage (STASH): a 
multicentre randomised phase 3 trial. Lancet Neurol. 
2014;13:666–75.

 42. Zwienenberg-Lee M, Hartman J, Rudisill N, Madden 
LK, Smith K, Eskridge J, Newell D, Verweij B, 
Bullock MR, Baker A, Coplin W, Mericle R, Dai 
J, Rocke D, Muizelaar JP, Balloon Prophylaxis for 
Aneurysmal Vasospasm (BPAV) Study Group. Effect 
of prophylactic transluminal balloon angioplasty on 
cerebral vasospasm and outcome in patients with 
Fisher grade III subarachnoid hemorrhage: results 
of a phase II multicenter, randomized, clinical trial. 
Stroke. 2008;39:1759–65.

 43. Wolf S, Participants in the International Multi- 
Disciplinary Consensus Conference on the Critical 
Care Management of Subarachnoid Hemorrhage. 
Routine management of volume status after aneu-

rysmal subarachnoid hemorrhage. Neurocrit Care. 
2011;15:275–80.

 44. Lennihan L, Mayer SA, Fink ME, Beckford A, Paik 
MC, Zhang H, Wu YC, Klebanoff LM, Raps EC, 
Solomon RA.  Effect of hypervolemic therapy on 
cerebral blood flow after subarachnoid hemorrhage: a 
randomized controlled trial. Stroke. 2000;31:383–91.

 45. Kramer AH, Roberts DJ, Holodinsky J, Todd S, Hill 
MD, Zygun DA, Faris P, Wong JH.  Intraventricular 
tissue plasminogen activator in subarachnoid hemor-
rhage patients: a prospective, randomized, placebo- 
controlled pilot trial. Neurocrit Care. 2014;21:275–84.

 46. Al-Tamimi YZ, Bhargava D, Feltbower RG, et  al. 
Lumbar drainage of cerebrospinal fluid after aneu-
rysmal subarachnoid hemorrhage: a prospective, 
randomized, controlled trial (LUMAS). Stroke. 
2012;43:677–82.

 47. Francoeur C, Mayer SA.  Management of delayed 
cerebral ischemia after subarachnoid haemorrhage. 
Crit Care. 2016;20:277–89. 

48. Gathier CS, van den Bergh WM, van der Jagt M, et al; 
HIMALAIA Study Group. Induced Hypertension for 
delayed cerebral ischemia after aneurysmal subarach-
noid hemorrhage: A randomized clinical trial. Stroke. 
2018;49:76–83.

 49. Haegens NM, Gathier CS, Horn J, Coert BA, Verbaan 
D, van den Bergh WM.  Induced hypertension in 
preventing cerebral infarction in delayed cerebral 
ischemia after subarachnoid hemorrhage. Stroke. 
2018;49:2630–6.

 50. Fraticelli AT, Cholley BP, Losser MR, Saint Maurice 
JP, Payen D. Milrinone for the treatment of cerebral 
vasospasm after aneurysmal subarachnoid hemor-
rhage. Stroke. 2008;39:893–8.

 51. Crespy T, Heintzelmann M, Chiron C, Vinclair M, 
Tahon F, Francony G, Payen JF, et al. Which proto-
col for milrinone to treat cerebral vasospasm associ-
ated with subarachnoid hemorrhage? J Neurosurg 
Anesthesiol. 2019;31(3):323–9. https://doi.
org/10.1097/ANA.0000000000000527.

 52. Lannes M, Zeiler F, Guichon C, Teitelbaum J. The use 
of milrinone in patients with delayed cerebral isch-
emia following subarachnoid hemorrhage: a system-
atic review. Can J Neurol Sci. 2017;44:152–60.

 53. Diringer MN, Bleck TP, Claude Hemphil J, Menon D, 
Shutter L, Vespa P, Bruder N, Connolly ES, Citerio G, 
Gress D, Hanggi D, et al. Critical care management of 
patients following aneurysmal subarachnoid haemor-
rhage: recommendations from the neurocritical Care 
Society’s Multidisciplinary Consensus Conference. 
Neurocrit Care. 2011;15:211–40.

C. Mahajan et al.

https://doi.org/10.1097/ANA.0000000000000527
https://doi.org/10.1097/ANA.0000000000000527


63© Springer Nature Singapore Pte Ltd. 2020 
H. Prabhakar et al. (eds.), Problem Based Learning Discussions in Neuroanesthesia  
and Neurocritical Care, https://doi.org/10.1007/978-981-15-0458-7_6

Management of Patient 
with Cervical Spine Injury

Daniel Van Leuven and Ehab Farag

Stem Case Terminology
A 49-year old male with no significant medical 
history presented with a myelopathy secondary 
to a large extended C5–C6 disc herniation with 
compression of the spinal cord. The patient was 
classified as grade 2 on the Narick’s functional 
scale. The patient was scheduled for a single- 
level discectomy, decompression, reconstruc-
tion, and stabilization. Due to motor weakness, 
pain in the upper and lower limbs with neck 
movement, and examination of the patient’s 
magnetic resonance imaging (MRI), the deci-
sion was made to safely secure the patient’s air-
way with an awake fiber-optic intubation (FOI). 
After being premedicated with 2 mg of midazol-
am and 0.2 mg of glycopyrrolate, the upper air-
way was anesthetized using nebulized 4% lido-
caine, and the patient was intubated smoothly.

After a neurological examination, while 
the patient was still awake and confirming that 
there were no changes from baseline, anesthe-
sia was induced with 200 mg of propofol and 
50 μg of fentanyl. The anesthesia was main-

tained using isoflurane (end-tidal concentration 
0.5%) and remifentanil infusion (0.05–0.2 μg/
kg/min). No muscle relaxants were used to al-
low for motor-evoked potentials (MEPs) to be 
monitored. The blood pressure (BP) was kept 
tightly controlled within 10% of preoperative 
value during the whole procedure.

After induction of anesthesia, neurophysi-
ologic monitoring was instituted, during that 
period the head was kept in neutral position 
with almost no movement. Intraoperative neu-
rophysiologic monitoring (IONM) revealed 
no lower extremity transcranial electrical 
motor- evoked potentials (tceMEPs) despite 
increasing the stimulating voltage while those 
from upper extremities as well as somatosen-
sory-evoked potential (SSEP) from both upper 
and lower extremities were intact.

In spite of this disturbing finding, the whole 
team (surgeon, anesthesiologist, and neurophysi-
ologist) decided to proceed and not to wake up 
the patient to perform the wake-up test. The deci-
sion was based on the fact that the patient had 
unchanged motor strength in his lower extremi-
ties after an awake intubation, the head was kept 
in neutral position and unmoved after induction 
anesthesia, and the planned surgery would be 
anterior cervical approach requiring minimal or 
no neck movement. Surgery was completed 
uneventfully. The patient’s postoperative neuro-
logic examination after extubation revealed no 
difference from the baseline examination.

D. Van Leuven · E. Farag (*) 
Cleveland Clinic Lerner College of Medicine, 
Cleveland, OH, USA 

Department of General Anesthesia, Anesthesiology 
Institute, Cleveland Clinic, Cleveland, OH, USA 

Department of Outcomes Research, Anesthesiology 
Institute, Cleveland Clinic, Cleveland, OH, USA
e-mail: FARAGE@ccf.org

6

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-0458-7_6&domain=pdf
https://doi.org/10.1007/978-981-15-0458-7_6#ESM
mailto:FARAGE@ccf.org


64

6.1  Preoperative

Question 1:
What would be an appropriate preoperative 
examination for a patient with cervical 
myelopathy?

Answer:
A thorough history and physical, including a neu-
rological, examination are important factors for 
avoiding major complications associated with 
surgical correction of a patient with cervical 
myelopathy. A high incidence of this patient pop-
ulation has associated cardiac, pulmonary, and 
rheumatological conditions that could have an 
effect on the anesthetic plan. Also, review of rel-
evant images will help ascertain the extent of any 
spinal cord compression. Assessing the patient’s 
oropharynx, neck mobility, and associated neuro-
logical symptoms may be appropriate to help 
determine if an awake FOI is needed. If so, a 
detailed discussion regarding an awake intuba-
tion should be done to confirm their ability to 
cooperate for the procedure [1].

Question 2:
Describe the occipitoatlantoaxial unit and what 
constitutes spinal cord compression?

Answer:
The occipitoatlantoaxial unit is one of the most 
complex and vital structures of the body. It sup-
ports the head and provides essential range of 
motion and protection of the spinal cord. It con-
sists of the first cervical vertebra (C1), or the atlas, 
which articulates with the occipital condyles of 
the skull via two large depressions on its anterior 
surface. The weight of the skull is transferred to 
the second cervical vertebra (C2) which is charac-
terized by a prominent odontoid process (dens) 
from its body. The space at C1 between the poste-
rior aspect of the odontoid process and the anterior 
aspect of the posterior ring of the atlas provides 
space for the spinal cord. In a normal spinal col-
umn, approximately 20 mm2 is available for pas-
sage of the cord. Spinal cord compression begins 
to occur when the space is less than 14 mm2 [2].

6.2  Intraoperative

Question 3:
Describe the movement of the cervical spine dur-
ing direct laryngoscopy (DL)?

Answer:
The primary force applied by the laryngoscopist 
is an upward lift. This force can be as high as 
50–70 N (40 N is enough to lift 10 lbs). Greater 
force is used in difficult laryngoscopies. The 
result is the extension of the occiput on C1, com-
bined with flexion at the lower vertebrae (the ful-
crum is probably at C7–T1). A Mac 3 blade 
results in near-maximal extension at the occiput 
and C1 (with the posterior arch of C1 touching 
the skull) and flexion below C2–C3. There are 
only minimal differences with the use of either 
straight or curved blades [3].

Question 4:
What is the best way to secure the upper airway 
in a patient with cervical myelopathy?

Answer:
Awake FOI is the best way for intubation in the 
patient with cervical myelopathy for the follow-
ing reasons:

 (a) FOI produces the least amount of cervical 
vertebral motion during intubation.

 (b) Awake intubation maintains the protective 
stabilizing effect of neck muscles during 
intubation.

 (c) Awake intubation allows for a neurological 
assessment before induction of anesthesia 
[4, 5].

Question 5:
What is the safest way for positioning a patient with 
cervical myelopathy in the prone position for poste-
rior cervical laminectomy with instrumentation?

Answer:
Awake FOI is followed by baseline neurologic 
assessment, then under light sedation and analge-
sia, Mayfield head frame is applied unto the 
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patient’s head under local anesthesia. After the 
awake patient is positioned in the surgical posi-
tion, the patient’s neurologic status will be exam-
ined before induction of anesthesia [6].

Question 6:
Is Manual-Inline Stabilization (MILS) safe during 
intubation in patients with cervical myelopathy?

Answer:
It was found in a recent study that in the presence 
of cervical instability, impaired glottic visualiza-
tion and marked increases in pressure application 
with MILS have the potential to increase patho-
logic craniocervical motion [7].

Question 7:
Is LMA and ILMA safe for managing the upper 
airway in patients with cervical myelopathy?

Answer:
Keller et  al. [8] concluded that LMA devices 
exert high pressure against the upper cervical 
vertebrae during insertion and during inflation 
while in situ. These pressures could produce pos-
terior displacement of the upper C spine.

Question 8:
Does a Glidescope produce less movement of the 
cervical spine when compared with DL?

Answer:
Glidescope produced better glottic visualization, 
but did not significantly decrease the movement 
of the nonpathologic cervical spine when com-
pared with DL [9].

Question 9:
What are SSEPs and the most common sites of 
stimulation?

Answer:
SSEPs are cortical or subcortical responses to 
repetitive electrical stimulation of a mixed 
peripheral nerve. The posterior column spinal 
pathways are the primary mediation for SSEPs. 

The typical stimulation sites include the poste-
rior tibial nerve (ankle), the peroneal nerve 
(fibular nerve), and the ulnar or median nerves 
(wrist). The ulnar nerve is the preferred stimu-
lation site for the upper extremity SSEPs 
because the lower spinal nerve entry between 
C7 and T1 permits assessment of the entire cer-
vical neural axis [10].

Question 10:
What parameters are measured during SSEPs and 
what constitutes a significant change from 
baseline?

Answer:
SSEPs are measured in regard to the signal ampli-
tude (power) and latency (velocity), which are 
recorded continuously and compared to baseline. 
Of the two, amplitude is more relevant at detect-
ing spinal cord injury. However, changes in 
latency are quite common although less signifi-
cant. Criteria for surgeon notification vary from 
center to center but generally include an intraop-
erative unilateral or bilateral amplitude loss of at 
least 50–60% [11].

Question 11:
What are MEPs?

Answer:
MEPs are neuroelectric signals elicited by the 
stimulation of the motor cortex via a high-voltage 
transcranial electrical stimulus. These signals 
travel down the descending motor pathways 
which include the corticospinal tract, spinal cord 
interneurons, anterior horn cells, peripheral 
nerves, and skeletal muscles inverted by alpha 
motor neurons. MEPs can be recorded directly 
either from the spinal cord or from the muscle. 
Due to the less invasive nature and convenience, 
it is preferable to record myogenic motor 
responses (CMAPs) from upper and lower 
extremity peripheral muscles.

A change in amplitude of >75% from baseline 
is indicative of spinal cord injury [12].
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Question 12:
What are the effects of anesthetics on neurophys-
iologic signals?

Answer:
In general, all inhalation agents including N2O 
produce a dose-related increase in latency and 
reduction in amplitude of the SSEP and tceMEP. 
Although neuromuscular relaxants have no 
adverse effect on SSEPs, neuromuscular 
blockade will compromise tceMEP and electro-
myography (EMG) recordings [13].

Question 13:
How can you monitor a specific nerve root?

Answer:
SSEPs are neither sensitive nor specific for the 
identification of injury to a specific nerve root 
because of their multiple nerve root mediation. 
Electromyographic techniques overcame this 
limitation and can be classified into two catego-
ries based on the method of elicitation—mechan-
ical and electrical. Mechanically elicited EMG, 
also called spontaneous EMG, is useful for 
dynamic pulses of surgery (e.g., implant place-
ment, nerve root manipulation). Electrically elic-
ited EMG may be useful during static phases of 
surgery (e.g., testing pedicle screws after place-
ment) [14].

6.3  Postoperative

Question 14:
What is the most common neurological compli-
cation from anterior cervical spine surgery?

Answer:
The recurrent laryngeal nerve is the most com-
mon nerve injured during anterior cervical spine 
surgery which is characterized as new onset 
hoarseness or dysphonia. The etiology of the 
injury could be from direct damage to the nerve 
during the neck dissection or from compression 
from the endotracheal balloon. Prior studies have 
shown a decrease in recurrent laryngeal nerve 
injuries after deflation of the cuff and reinflating 
after retractor blade placement [15].

Question 15:
What are other complications associated with 
anterior cervical spinal surgery?

Answer:
Dysphagia, postoperative hematoma, dural punc-
ture, esophageal perforation, and worsening of 
the preexisting myelopathy are complications 
that can be seen in the postoperative period. Out 
of all these, postoperative hematoma is a life- 
threatening condition that needs to be immedi-
ately identified and evacuated in order to avoid 
airway collapse [16].

Multiple Choice Questions
 1. All of the following are associated with cervi-

cal instability EXCEPT:
 (a) Klippel-Feil syndrome
 (b) Achondroplastic dwarfism
 (c) Rheumatoid arthritis
 (d) Trisomy 21
Answer: a

Contrary to other choices, patients with 
Klippel-Feil syndrome exhibit inflexibility 
rather than cervical instability. Klippel-Feil 
syndrome is characterized by congenital 
fusion of the cervical vertebrae.

 2. Which of the following ligaments is MOST 
important for preventing anterior displace-
ment of the atlas with respect to the axis?
 (a) Atlantooccipital ligament
 (b) Alar ligaments
 (c) Transverse ligament of the atlas
 (d) Accessory atlantoaxial ligament
Answer: c

The transverse ligament spans across the 
inner ring of the atlas (C1) and lies immediately 
posterior to and against the superiorly project-
ing odontoid process of the axis (C2), prevent-
ing the atlas from moving anterior in relation to 
the axis. Laxity of this ligament in disease such 
as rheumatoid arthritis and trisomy 21 can 
result in atlantoaxial instability requiring spe-
cial care to be taken to avoid excessive force 
when managing the airway.

 3. What determines spinal cord perfusion?
 (a) Systolic BP: cerebrospinal fluid pressure
 (b) Mean arterial BP: cerebrospinal fluid 

pressure
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 (c) Diastolic BP: cerebrospinal fluid 
pressure

 (d) Diastolic BP only
Answer: b

Spinal cord perfusion pressure is the differ-
ence between mean arterial pressure (MAP) 
and cerebrospinal fluid pressure. If perfusion 
pressure is not maintained, cord ischemia may 
result. Hence, MAP is closely monitored and 
managed throughout spinal cord surgery. A 
minimum MAP of around 85 mmHg is usu-
ally chosen at the beginning of the case, used 
throughout and even sometimes in the postop-
erative period.

 4. What neurological pathway is monitored with 
MEPs?
 (a) Spinocerebellar tract
 (b) Posterior columns and medial lemniscus
 (c) Spinothalamic tract
 (d) Corticospinal tracts
Answer: d

Primary motor neurologic transmission is 
conducted via the anterior and lateral cortico-
spinal tracts. The other choices are involved in 
carrying sensory information.

 5. What is MOST likely to be preserved with 
anterior spinal artery syndrome in the 
following?
 (a) Muscle strength
 (b) Proprioception
 (c) Pain sensation
 (d) Temperature
Answer: b

The anterior spinal artery supplies the ante-
rior two thirds of the spinal cord. Anterior spi-
nal artery syndrome can result from retractor 
placement or hypotension. Motor weakness is 
the most characteristic manifestation, but 
injury to the spinothalamic tracts can result in 
loss of pain and temperature sensation as well. 
Proprioception is preserved because it is 
relayed through the posterior columns [6].

 6. Which is least likely to affect SSEP ampli-
tudes in the following?
 (a) Ketamine
 (b) Nitrous oxide
 (c) Propofol
 (d) Isoflurane
Answer: c

Propofol is least likely to affect intraopera-
tive evoked potential monitoring. Inhaled agents 
including nitrous oxide decrease SSEP ampli-
tudes, whereas ketamine and etomidate increase 
SSEP amplitudes.
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Management of Patient 
with Craniosynostosis

Rajeev Krishnaney-Davison, 
Surendrasingh Chhabada, and Pilar Castro

Stem Case Terminology
The patient is a 7-month-old male, 8.4 kg, com-
ing to the operating room after he was diagnosed 
with scaphocephaly secondary to sagittal synos-
tosis. His mother noticed his head looked “dif-
ferent” with a “prominent forehead” and took 
him to see his pediatrician who recognized his 
head as dysmorphic at his 6-month visit. He 
was referred to a plastic surgeon who ordered a 
computed tomography (CT) scan and confirmed 
the diagnosis of isolated sagittal synostosis. He 
was a full-term baby, born vaginally without any 
complications. No prior hospitalizations. No sig-
nificant past medical history; developmentally 
he is meeting his milestones and is not taking 
any other medications other than vitamin D. He 
has not had any prior anesthetic history, and his 
family denies any issues with anesthesia.

Question 1:
What is craniosynostosis? Describe its incidence 
and the medical implications.

Answer:
Craniosynostosis occurs when the cranial sutures 
close prematurely. Its incidence is 1 per 2000 
births. When this occurs, there is no space for 
the brain to continue growing which may cause 
a dysmorphic appearance and intracranial hyper-
tension and ultimately delay the child’s cognitive 
development [1]. It is a congenital defect where 
most of the time only one suture is affected. The 
head assumes different shapes depending on 
which suture is affected [2]. Craniosynostosis 
presents in 10–40% of cases as part of a syn-
drome or genetic disorder such as Crouzon or 
Apert syndrome. When there is synostosis as 
part of a syndrome, it usually involves more than 
one suture. These patients usually present with 
facial dysmorphism as well as limb deformities. 
Syndromic patients with synostosis of multiple 
sutures are at higher risk of developing elevated 
intracranial pressure (ICP).

Regarding the implications for brain develop-
ment and the potential for intellectual and learn-
ing disabilities, children who undergo surgery for 
craniosynostosis when they are older than a year 
showed statistically significantly lower intelli-
gence quotient scores compared to those repaired 
before a year of age [3]. Some studies [4, 5] also 
suggest that even though children with sagittal 
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synostosis corrected before 1  year of age dem-
onstrate normal intelligence quotients (IQs), they 
may have a higher incidence (50%) of learning 
disabilities (spelling and reading) compared to a 
5% incidence of learning disabilities in the gen-
eral population.

Bellew and colleagues [3] in a recent article 
exploring the importance of the timing of surgery 
suggest that early surgery for sagittal synostosis 
may result in improved neurodevelopmental out-
comes, especially if surgery is performed when 
patients are <7 months of age. Their results stress 
the importance of ensuring early diagnosis and 
prompt referral of patients in whom craniosynos-
tosis is suspected (Figs. 7.1, 7.2, and 7.3).

Question 2:
What are the different types of craniosynostosis?

Answer:
When there is synostosis of a particular suture, 
there is consequent distortion of the skull shape 
due to a combination of lack of growth perpen-
dicular to the fused suture, as well as compen-
satory overgrowth at the non-fused sutures. The 
most common presentation is when the head may 
be long and narrow (scaphocephaly, dolichoceph-
aly), followed by triangular at the front (trigono-
cephaly), broad and flattened (brachycephaly), or 
skewed (plagiocephaly) (Table 7.1, Fig. 7.4).

Question 3:
What are the most common syndromes associ-
ated with craniosynostosis?

Answer:
When cranial deformities exist with facial and 
extremity deformities, the craniosynostosis is 
referred to as syndromic, implying a genetic etiol-

Fig. 7.1 Frontal view, patient with sagittal synostosis

Fig. 7.2 Lateral view, sagittal synostosis, scaphocephaly, 
long narrow head with frontal bossing

Fig. 7.3 Superior view of patient with sagittal synostosis. 
(Reprinted with permission, Cleveland Clinic Center for 
Medical Art & Photography. All Rights Reserved)
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ogy for the maldevelopment. Syndromic forms typ-
ically present in the face, trunk, and  extremities and 
are much less frequent than nonsyndromic types 
[6]. The incidence of craniosynostosis as a compo-
nent of a syndrome or genetic disorder is 15–40% 
of cases [7]. Taking a family history is vital in the 
preoperative assessment, as the common forms 
of syndromic craniosynostosis are inherited in an 
autosomal dominant pattern and include Apert, 
Crouzon, and Pfeiffer syndromes [6].

A combination of environmental factors and 
single gene/chromosomal abnormalities can 

predispose to craniosynostosis. The most com-
monly associated gene mutations associated with 
craniosynostosis are FGFR2, FGFR3, TWIST1, 
and EFNB1 [8]. A heterozygous mutation geno-
type of FGFR2 is known to cause syndromic 
craniosynostosis, namely Apert, Crouzon, and 
Pfeiffer syndromes [8]. Ninety-eight percent 
of cases of Apert syndrome are caused by mis-
sense mutations in the FGFR2 gene (Ser252Trp 
or Pro253Arg), and most mutations arise de novo 
[8]. FGFR3 mutations can cause Muenke syn-
drome and Crouzon syndrome with acanthosis 

Table 7.1 Different types of craniosynostosis defects

Affected suture Name of defect Clinical description
Metopic Trigonocephaly (triangular shaped 

cranium)
Orbital proptosis, midline ridge, pointed forehead, 
triangular shape head

Unilateral coronal Frontal synostotic plagiocephaly 
(unilateral flat forehead)

Unilateral frontal flattening, anterior position of ear 
on affected side, nasal root deviated to affected 
side, prominent brow on unaffected side

Bilateral coronal Brachycephaly (short cranium) Orbital hypertelorism, broad, flattened frontal 
bones, flattened occiput

Sagittal (most 
common form)

Scaphocephaly (boat-shaped 
cranium)

Long, narrow forehead, frontal and occipital 
bossing

Lambdoid Posterior plagiocephaly (unilateral 
occipital flattening)

Unilateral occipital flattening, prominent ipsilateral 
mastoid process

Modified from Surgical treatment of craniosynostosis in infants: open vs closed repair. Erb TO, Meier PM. Surgical 
treatment of craniosynostosis in infants: open vs closed repair. Curr Opin Anaesthesiol. 2016; 29:345–351

Metopic
suture

Coronal
suture

Sagittal
suture

Lambdoid
suture

Unilateral coronal
synostosis

Unilateral lambdoid
synostosis

Sagittal
synostosis

Metopic
synostosis

Fig. 7.4 Types of primary craniosynostosis. Reproduced with permission from: Jaskolka MS; Oral Maxillofacial Surg 
Clin N Am; 29 (2017) 447–463
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nigricans. Saethre-Chotzen syndrome is associ-
ated with heterozygous TWIST1 mutations, and 
craniofrontonasal syndrome is associated with 
the EFNB1 gene when there is an X-linked muta-
tion and can occur with males and heterozygous 
females [8].

Patients with syndromic craniosynostosis 
are more likely to have multiple suture involve-
ment, which increases the risk of elevated ICP 
[7]. Ophthalmologic examination is especially 
important in these patients to assess for signs of 
increased ICP, for example, papilledema.

Apert, Crouzon, Pfeiffer, and Saethre-Chotzen 
syndromes are most commonly associated with 
coronal synostosis. All of these syndromes also 
include some form of extremity abnormalities 
and midface hypoplasia (excluding Saethre- 
Chotzen) [6]. CT scan may reveal Arnold-Chiari 
syndrome in patients with Crouzon syndrome, 
and in patients with Apert syndrome, ventricu-
lomegaly due to brain maldevelopment may be 
seen.

Question 4:
What treatment modalities are there? 
Endoscopic versus open repair? Advantages and 
disadvantages.

Answer:
In order to avoid the potential for cognitive 
impairment, increased ICP and cosmetic conse-
quences, early repair is advocated. Traditional 
repair involves extensive cranial vault remod-
eling which can lead to large volumes of blood 
loss and prolonged intensive care unit (ICU) 
stays. In the 1990s Barone and Jimenez [9] first 
described a surgical technique that involved 
endoscopic assisted repair followed up by post-
operative orthotopic molding therapy. This tech-
nique is mostly utilized in small infants (younger 
than 3 months). This is due to the malleability 
of the cranial bones which allows for the defect 
to rapidly be  corrected and for the craniofacial 
skeleton to grow normally.

Early reports of endoscopic strip craniectomy 
(ESC) have shown equally satisfactory cosmetic 
results compared to open repair [10]; multiple 

single-center studies have shown that ESC is 
associated with lower morbidity, mortality, and 
hospital costs when compared to open cranial 
vault remodeling [11].

The North American Pediatric Craniofacial 
Collaborative Group (PCCG) established the 
Pediatric Craniofacial Surgery Perioperative 
Registry in 2012 with the aim of evaluating 
outcomes in children undergoing craniosynos-
tosis repair. The goal of this multicenter study 
(31 institutions in North America) was to ana-
lyze differences in perioperative complications 
between ESC and open repair in infants under-
going craniosynostosis repair. The cases were 
collected between June 2012 and September 
2015. The variables that the group looked at 
included: blood utilization, duration of hos-
pitalization, and ICU stay. The study com-
pared unmatched groups (ESC: N  =  310 vs. 
open repair: N  =  1071) and matched groups 
(ESC: N  =  311, open repair: N  =  622); pro-
pensity score 2:1 showed significant advan-
tages of EDC compared to open repair. When 
the matched groups were analyzed, the results 
showed less utilization of red blood cells (26% 
vs. 81%, P  <  0.001) and coagulation (3% vs. 
16%, P  <  0.001) products in the ESC group 
compared to the open group. Anesthesia dura-
tion, surgical duration, ICU stay, and hospi-
tal length of stay (LOS) were all significantly 
lower in the ESC group (all P  <  0.001) [12]. 
Interestingly, the incidence of complications 
such as venous air embolism, hypothermia, and 
hypotension requiring pressors was equivalent 
between the two groups.

The same PCCG also analyzed the data 
for 1223 patients who underwent pediatric 
complex cranial vault reconstruction surgery 
(CCVR) during the same time frame [13]. The 
study showed significant variability in the peri-
operative management of these patients. The 
authors reported cardiovascular and respira-
tory complications, and clinical consequences 
of large-volume blood loss replacement. The 
latter is especially relevant for the infant group 
which experienced more frequent hematologic 
derangements [13].
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7.1 Preoperative

Question 5:
The patient is not a candidate for endoscopic 
repair and is scheduled for a total cranial vault 
reconstruction. What preoperative preparation 
should the patient have? What type of blood work 
would you order?

Answer:
The care of the patient coming for craniosynostosis 
surgery requires a multidisciplinary team approach. 
The anesthesiologist plays an important role in mak-
ing sure all the important information such as past 
medical history and anesthetic and surgical history 
are obtained. A careful discussion with the family 
to explain the perioperative issues that are common 
for patients undergoing this procedure is manda-
tory; there should be time dedicated to addressing 
any concerns and questions the parents may have.

This patient, as is the case with most patients 
with nonsyndromic craniosynostosis who are 
otherwise healthy, does not require any compli-
cated testing [14]. Patients who are syndromic 
may require further cardiac testing and a careful 
airway evaluation and planning in case of asso-
ciated midface defects that may complicate the 
airway management. Even though it is rare that 
patients this young exhibit signs of increased ICP, 
special attention should be paid to any signs such 
as visual difficulties, nausea, and vomiting [15]. 
Ophthalmologic examination is important in syn-
dromic patients to look for papilledema.

All patients should have a complete blood 
cell count (hemoglobin, hematocrit, and plate-
let count) and a specimen for type and screen 
ordered; for open procedures, cross-matching of 
blood is necessary, and the surgery does not start 
until blood is available in the operating room.

Even for endoscopic procedures, there is 
potential for unanticipated hemorrhage; hav-
ing red blood cells available may be warranted 
especially because these younger patients do not 
tolerate major blood losses. Coagulation tests are 
routinely ordered at many centers, (prothrombin 
time [PT]/international normalized ratio [INR] 
and partial thromboplastin time [PTT]).

Some centers such as ours have been using 
erythropoietin (EPO) in the last few years with 
the idea of increasing the preoperative hema-
tocrit and thus raising the threshold for blood 
transfusion. This is done in conjunction with the 
administration of iron and folic acid, starting at 
least 4 weeks before surgery and guided by the 
hemato-oncology team. A recent meta-analysis 
[15] looking at the preoperative use of EPO, 
reported a decrease in the percentage of patients 
requiring red blood cell transfusions (54% vs. 
98%) and the amount of blood transfused in 
patients in whom blood products were given (84 
vs. 283 mL) compared to patients in whom EPO 
was not administered preoperatively.

Concerns for the use of EPO have been raised 
in the adult population. Different studies [15] 
have reported an increased incidence of venous 
thrombosis, cancer progression, and cardio-
vascular complications in the adult population. 
Thrombotic events are rare in the pediatric popu-
lation. Naran et al. [16] did not find any throm-
botic events in a multicenter study of patients 
who received EPO preoperatively in craniosyn-
ostosis surgery. The concerns from the adult lit-
erature and its high cost has made the widespread 
use of EPO in the pediatric population rare. The 
pediatric craniofacial surgery reported that EPO 
use was only reported in three patients [17].

Question 6:
What are the chances of significant perioperative 
complications in this patient?

Answer:
Morbidity and mortality range from 0 to 40% in 
pediatric patients undergoing CCVR [18–20]. 
The PCCG registry recently reported a 15% inci-
dence of perioperative complications in CCVR 
[21, 22]. Perioperative major complications are 
as shown in Table 7.2. The study found that intra-
operative blood product transfusion of >50 mL/
kg was the most significant predictor, increas-
ing the risk of complications by 2.5 times. Other 
important predictors of perioperative complica-
tions were higher ASA physical status (ASA 3 
OR 4), surgery duration more than 5 h, absence 
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of intraoperative administration of antifibrinolyt-
ics, and diagnosis of craniofacial syndrome [22, 
23]. Studies have also shown increased perioper-
ative complications with age less than 9 months 
and weight less than 10 kg [19, 22]. Since this 
population is associated with increased blood 
loss expert consensus recommend waiting for 
elective CCVR until age is more than 9 months 
and weight more than 10 kg [22].

Goobie et al. performed a multivariable pre-
dictive algorithm for major perioperative compli-
cations to better understand the major risk factors 
that play a significant role in patient outcomes. 
The risk stratification as shown in Table 7.3 can 
help differentiate between high- versus low-risk 
patients. This allows for more selective use of 
postoperative ICU admission and may help pre-
dict total LOS for these patients.

7.2 Intraoperative

Question 7:
What type of monitoring would you consider? 
What is the value of doing point-of-care test like 
thromboelastography (TEG) and rotational throm-
boelastometry (ROTEM) in this population?

Answer:
Besides standard ASA monitoring, there is 
often a need for invasive monitoring using arte-

rial line, central venous catheter, and precordial 
Doppler for CCVR. In the presence of ongoing 
perioperative blood loss, hemodynamic moni-
toring can be reliably done with the insertion of 
arterial line. Central venous access is also com-
monly required to measure volume status using 
central venous pressure and for safe administra-
tion of vasopressors. Venous air embolism is a 
feared complication during CCVR.  Precordial 
Doppler is a highly sensitive tool to diag-
nose venous air embolism, and central venous 
access can be valuable in its management [24]. 
Esophageal or rectal temperature probes are 
also inserted to measure core body temperature 
for the management of intraoperative hypother-
mia. Foley catheter is inserted to measure urine 
output. It is important to place these lines and 
monitors in a timely fashion in order to mini-
mize the induction to incision time and hence 
hypothermia.

Intraoperative acquired coagulation disorders 
are difficult to diagnose using standard labora-
tory tests like platelet count, PT, INR, and PTT 
[25]. This is because these tests have a prolonged 
turnaround time. Point-of-care tests such as TEG 
or ROTEM assess coagulation function in real 
time.

PT and activated partial thromboplastin time 
(aPTT) provide information on the first phase of 
coagulation up to fibrin formation, whereas vis-
coelastic point-of-care testes like TEG/ROTEM 

Table 7.2 Major perioperative complications recorded in the PCCG database [21]

Neurological Cardiac Respiratory Infectious
Hypoxic brain injury Sustained hypotension/

hemodynamic instability
Apnea/hypoxia requiring 
intubation

Central line 
infection

Hydrocephalus 
postoperatively

Shock Failed extubation Shunt infection

Cerebral salt wasting 
syndrome

Dysrhythmias Pulmonary edema Sepsis

Diabetes insipidus; 
acute

Hemorrhage—intra or 
postoperatively

Severe bronchospasm Wound dehiscence

Dural 
sinus bleed—severe

Hyperkalemia requiring treatment Pneumonia—
postoperative

Hyponatremia with 
seizures

Venous air embolism

Seizure or suspected 
seizures

Thromboembolism or deep vein 
thrombosis

Re-exploration: 
postoperative
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produce information on all phases of coagula-
tion. TEG and ROTEM also help assess platelet 
function and provide insight into interactions 
between the cellular and plasma components of 
whole blood for hemostasis. They are very use-
ful in diagnosing disorders in the fibrinolytic 
system. Haas et  al. in 2014 have shown that 
ROTEM-guided blood and blood product man-
agement decreases the need for transfusion intra-

operatively [26]. In this retrospective study, the 
authors found that there was a complete avoid-
ance of perioperative fresh frozen plasma (FFP) 
transfusion and also a significant reduction in 
platelet transfusion when the blood management 
was guided by ROTEM. Henceforth, the imple-
mentation of viscoelastic point of care tests has 
improved clinical outcomes and decreased trans-
fusion-related costs.

Table 7.3 Multivariable predictive algorithm of a major perioperative complication

ASA physical 
status

Craniofacial 
syndrome

Use of 
antifibrinolytics

Total perioperative blood 
products >50 mL/kg

Surgery 
>5 h

Probability of 
complication (%)

3 or 4 Yes No Yes Yes 58
3 or 4 Yes Yes Yes Yes 46
3 or 4 No No Yes Yes 43
3 or 4 Yes No Yes No 41
3 or 4 Yes No No Yes 38
3 or 4 No Yes Yes Yes 33
3 or 4 Yes Yes Yes No 31
3 or 4 No No Yes No 29
3 or 4 Yes Yes No Yes 28
3 or 4 No No No Yes 26
3 or 4 Yes No No No 24
3 or 4 No Yes Yes No 21
3 or 4 No Yes No Yes 18
3 or 4 Yes Yes No No 17
3 or 4 No No No No 15
3 or 4 No Yes No No 10
1 or 2 Yes No Yes Yes 45
1 or 2 Yes Yes Yes Yes 45
1 or 2 No No Yes Yes 32
1 or 2 Yes No Yes No 31
1 or 2 Yes No No Yes 27
1 or 2 No Yes Yes Yes 24
1 or 2 Yes Yes Yes No 22
1 or 2 No No Yes No 20
1 or 2 Yes Yes No Yes 19
1 or 2 No No No Yes 18
1 or 2 Yes No No No 17
1 or 2 No Yes Yes No 14
1 or 2 No Yes No Yes 12
1 or 2 Yes Yes No No 11
1 or 2 No No No No 10
1 or 2 No Yes No No 5

High risk (>40%): dark grey, moderate risk (20–39%): light grey, low risk (<20%): white shading
Reproduced with permission: S. M. Goobie et al. Br J Anesthesia, 122 (2): 215–223 (2019)
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Normal
Coagulation Fibrinolysis

Examples of abnormal TEG tracing

LY30MA20 mm

R

K

α angle

Anticoagulants/hemophilia

Platelet blockers

Fibrinolysis

Hypercoagulability

Modified from Thrombelastography (TEG®); practical considerations on its clinical use in trauma resuscitation. Luis Teodero da Luz, Bartolomeu Nascimento, Sandro Rizoli.
Scand J Trauma Resusc Emerg Med. 2013; 21: 29.

Normal TEG Waveform
R(seconds) = time of latency from start of test to initial fibrin formation;
K(seconds) = time taken to achieve a certain level of clot strength (amplitude of 20mm);
α angle (degrees) = measures the speed at which fibrin build up and cross linking takes place,
hence assesses the rate of clot formation;
MA (millimeters) = represents the ultimate strength of the fibrin clot;

LY30(%)= percentage decrease in amplitude at 30 minutes post-MA and gives measure of degree fibrinolysis.

 

Question 8:
What blood conservation strategies could be used 
for this type of procedures?

Answer:
Complex cranial vault remodeling is a high risk 
procedure associated with intraoperative bleed-
ing which often occurs rapidly during scalp 
dissection, craniotomy, and bone flap removal. 
There are various preoperative and intraoperative 
strategies that are implemented to prevent post-
operative anemia.

Preoperatively it is important to optimize the 
patient’s hematocrit before surgery. Recombinant 
human EPO may be useful and should be con-
sidered on a weekly basis for 4–6  weeks with 
iron and folic acid supplementation [27]. At 
our institution, this group of patients receive 
EPO therapy preoperatively for 4–6  weeks as 
per hematology recommendation with a target 
hematocrit of 36.

Preoperative autologous blood donation may 
be offered in older children to decrease the risks 
associated with allogeneic blood transfusion. 
However, it is challenging in infants undergo-
ing craniofacial surgery as it is difficult to obtain 
sufficient blood volume [28, 29]. Some families 
may elect to arrange for direct donation by fam-
ily members or friends.

Intraoperative management involves multiple 
interventions to decrease blood loss and salvage 
blood using cell saver techniques [30]. Blood loss 
is decreased by preventing hypothermia- associated 
coagulation derangement. Forced air warming 
using underbody Bair-Huggers along with warming 
the operating room is a useful tool in maintaining 
normothermia. Skin infiltration of vasoconstrictors 
like epinephrine (1:200,000) can decrease blood 
loss with the scalp incision. Our surgical colleagues 
can also use bone wax, Floseal, Gelfoam, and sur-
gical and fibrin sealant to decrease bleeding dur-
ing osteotomies. The use of intraoperative blood 
salvage system has been beneficial in decreasing 
transfusion requirements in these patients. In the 
past its use was limited to infants weighing more 
than 10  kg, but with the recent development of 
devices like small volume continuous autotrans-
fusion systems (CATS), blood can be salvaged in 
infants less than 10 kg [31]. Antifibrinolytic thera-
pies, like tranexamic acid (TXA) and aminocaproic 
acid, have also shown to decrease blood loss in 
CCVR (see Question 9 for more detail). Restrictive 
transfusion thresholds like setting a transfusion tar-
get of hemoglobin 7 g/dL has been shown to be safe 
in hemodynamically stable pediatric ICU patients 
[32]. Implementing postoperative transfusion pro-
tocols has also shown to decrease significantly FFP 
transfusion in CCVR [33].
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Hence a multidisciplinary team approach with 
the participation of hematologists, surgeons, 
anesthesiologists, and intensivists is vital to pre-
vent and manage postoperative anemia in this 
patient population.

Question 9:
What is the role of antifibrinolytics for this type 
of surgery? What are some contraindications for 
the use of TXA in infants?

Answer:
Craniosynostosis surgical reconstruction in chil-
dren is associated with major intraoperative blood 
loss, often requiring the transfusion of packed 
red blood cells (PRBCs) and other blood prod-
ucts [37]. Surgical blood loss is the leading cause 
of mortality after these procedures in children 
[36]. Blood transfusions can be associated with 
increased mortality and other significant adverse 
events in pediatric patients such as immunomodu-
lation, alloimmunization, infectious disease, and 
hemolysis [37, 38], which has led to the study 
and development of many different strategies to 
reduce the need for transfusion. The use of TXA 
in cardiac and pediatric scoliosis correctional 
surgeries to reduce intraoperative blood loss has 
been extensively studied and established [36]. 
Consequently these therapies were also tried and 
studied in the craniofacial surgery patients.

The PCCG found in a recent study pub-
lished in 2017 [34] that antifibrinolytics were 
not administered to 37% of patients undergo-
ing open repair despite favorable data showing 
decreases in blood loss and transfusion in this 
patient population [34]. There is evidence from 
two randomized placebo- controlled prospective 
trials from two different groups that have shown 
that TXA decreases blood transfusion and blood 
loss [35, 36].

Dadure et al. designed a trial which included 
39 children undergoing craniosynostosis correc-
tion (one patient excluded from the TXA group 
due to a repeal of parental consent). Patients 
either received a 15  mg/kg bolus of TXA or 
1.5 mL/kg of normal saline over 15 min prior to 
incision, followed by a continuous infusion of 
10 mg/kg/h of TXA or saline (1 mL/kg/h) until 

skin closure. There was an 85% reduction in the 
volume of PRBCs transfused in the TXA group 
compared to those given normal saline placebo 
intraoperatively (11–1.6  mL/kg) and a 57% 
reduction in PRBC transfusion throughout the 
study period (16.6–7.2 mL/kg). Also the percent-
age of children requiring transfusion intraopera-
tively was lower in the TXA group compared to 
placebo (2/19–11% vs. 9/20–45%, P < 0.05) and 
for the entire study period 7/19 (37%) patients 
in the TXA group compared to 14/20 (70%) in 
the placebo group (P  <  0.05) [36]. The study 
determined that the use of TXA reduced the 
mean PRBC transfusion volume by 9.4  mL/kg 
compared to normal saline. There was no signifi-
cant difference in blood loss between the groups; 
however, the author notes that estimating blood 
loss by weighing sponges and measuring suction 
volume can be imprecise. Furthermore, Goobie 
et  al. on a prospective, double-blind placebo 
study also found a significantly lower periopera-
tive mean blood loss in their TXA group vs. pla-
cebo (65 mL/kg vs. 119 mL/kg, P < 0.001) [35]. 
No adverse events attributed to TXA administra-
tion occurred in this study. They found that TXA 
administration also significantly decreased the 
perioperative exposure of patients to transfused 
blood (median, 1 unit vs. 3  units; P  <  0.001) 
between both the groups. Of note, all patients 
were pretreated with EPO and iron supplemen-
tation preoperatively, which is often routine in 
pediatric patients undergoing procedures with the 
risk of major blood loss.

Contraindications to use of TXA in the pedi-
atric population may include seizure disorder 
and preexisting prothrombotic state; however, no 
thrombotic complications have been described 
in children, and seizures have been seen in ani-
mal models and adults, but were not observed in 
either aforementioned studies [35, 36]. Further 
studies are needed to assess the most optimal dos-
ing regimen for TXA especially in infants [39].

Epsilon-aminocaproic acid (EACA) is an anti-
fibrinolytic medication with a similar mechanism 
to TXA (lysine analog that prevents conversion of 
plasminogen to plasmin). It has been used exten-
sively in children undergoing cardiac and spine 
surgery and has been shown to reduce transfusion 
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requirements [37]. Given the theoretical risk of 
seizures in the pediatric population, EACA may 
be an alternative to TXA with less possible side 
effects and cheaper cost [37]. Hsu et al. describe 
an observational study of data collected from 
institutional craniofacial perioperative data reg-
istries, examining the use of EACA in cranio-
facial reconstructions and resultant calculated 
blood loss, intraoperative blood donor exposures, 
and surgical drain output [37]. Patients less than 
24 months old received 100 mg/kg loading dose 
of EACA followed by an infusion of 40 mg/kg/h. 
Children older than 24 months received 100 mg/
kg loading dose followed by 40, 30, or 20 mg/
kg/h dose. Intraoperative blood loss was calcu-
lated with the equation estimated red cell mass 
(ERCM) lost  =  ERCM preop  +  ERCM trans-
fused  −  ERCM postop (where ERCM  =  esti-
mated blood volume  ×  hematocrit/100). Of 
152 subjects, 66 received EACA.  EACA was 
associated with lower calculated blood loss 
(82 ± 43 mL/kg vs. 106 mL/kg ± 63; P = 0.01), 
and these patients had fewer blood donor expo-
sures intraoperatively (median 2, interquartile 
range 1–2 vs. median 2, interquartile range 1–3; 
P = 0.02). Patients who received EACA also had 
lower surgical drain output in the 24  h postop-
eratively (28 mL/kg vs. 37 mL/kg; P = 0.001). In 
this study, seizures and thrombotic complications 
were not observed; however, the author notes that 
antifibrinolytics should be avoided in children 
with thrombophilic states [37].

Question 10:
What is your choice of induction agent and anes-
thetic maintenance for this patient?

Answer:
The most common method of induction is inha-
lational [40]; however, if the patient has risk for 
elevated ICP, intravenous (IV) induction with any 
of the IV anesthetics (barring any contraindica-
tions) can be performed. Muscle relaxants can 
be utilized as indicated for tracheal intubation 
which is typically done with a standard orotra-
cheal tube [40]. Sometimes nasotracheal intuba-
tion is employed in patients who are going to be 
positioned in the sphinx position since this way 

the endotracheal tube may be more stable than 
when is placed orally.

Maintenance of anesthesia is typically per-
formed with inhaled volatile anesthetic with air 
and oxygen, although if elevated ICP is a concern, 
a TIVA technique may be more ideal. Nitrous 
oxide is typically contraindicated due to the risk 
of venous air embolism [40]. Opioid infusions/
boluses and other adjuncts such as dexmedeto-
midine have been used for analgesic purposes as 
indicated. Remifentanil and IV/laryngotracheal 
lidocaine may be useful near the end of the pro-
cedure to facilitate a smooth emergence and a 
reduced risk of coughing/gagging that may fur-
ther increase ICP.

The surgery is half way through, and the 
patient has lost at least 1/3 of his blood volume 
… the blood pressure has continued to decline, 
and the patient remains persistently tachycardic.

Question 11:
When would you consider administering blood 
products other than red blood cells?

Answer:
Perioperative blood loss and its progression to 
hypovolemia, anemia, coagulopathy, and hypo-
thermia are the most common complications 
during CVVR.  Also as mentioned in Question 
6, the single most important predictor of major 
complication in patient undergoing CVVR is 
blood product transfusion >50 mL/kg [41]. It is 
therefore important to minimize blood loss and 
judiciously give allogenic blood products.

Current guidelines suggest replacing coagula-
tion factor deficiencies with FFP if there is evi-
dence of ongoing clinical microvascular bleeding 
and the PT is >1.5 times normal, or INR >2, or 
PTT >2 times normal. FFP transfusion is also 
recommended to correct dilutional coagulopa-
thy when more than one blood volume of PRBC 
is transfused during excessive microvascular 
bleeding. TEG- or ROTEM-guided transfusion 
of hemostatic products has also shown to safely 
decrease transfusion requirements.

Recent studies have shown that whole blood 
transfusion causes less coagulopathy and does 
not require FFP administration. Thus it signifi-
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cantly reduces total volume of blood product 
transfusion [42].

In our institute, blood bank aliquots one unit 
of PRBC and FFP into two smaller bags on the 
morning of surgery. This helps us in minimizing 
wastage of blood products and decreasing the 
donor exposure.

Current guidelines suggest that a preoperative 
platelet count of 50,000–100,000 cells/μL should 
be maintained for patients undergoing surgery. 
Transfusion of one unit of platelet concentrate per 
10 kg or 5 mL/kg of apheresis concentrate should 
raise the platelet count by 20,000–50,000 cells/
μL. Transfusion of platelets should be done cau-
tiously as it carries the highest risk of side effects 
associated with allogeneic blood product transfu-
sion including bacterial contamination [43].

Fibrinogen is the first coagulation factor that 
depletes to critical low values during massive 
blood loss. Cryoprecipitate is given if fibrinogen 
<100 mg/dL with clinical evidence of coagulopa-
thy. A dose of 1 unit per 5 kg usually increases 
fibrinogen level by 50 mg/dL.

Question 12:
What are the most common intraoperative com-
plications during open craniosynostosis repair?

Answer:
Open craniosynostosis repair is associated with a 
higher incidence of venous air embolism, blood 
transfusion, and ICU admission when compared 
to endoscopic procedures [44]. Infants undergo-
ing open cranial reconstruction procedures may 
have blood loss in excess of the total blood vol-
ume. An estimated percentage of blood volume 
loss can range from 25 to 500% depending on 
surgical approach and extent of procedure [45]. 
Thompson et al. found a 7 mL/kg greater blood 
loss in open repairs compared to endoscopic- 
assisted strip craniectomy [44]. Blood loss is 
the main cause of mortality after major cranio-
facial procedures in children [45] and results in 
increased perioperative morbidity and length 
of hospital stay [46]. Steady venous blood loss 
is to be prepared for, as large surgical areas and 
cutting of bone are often necessary. Also, major 
blood loss can occur due to unintended dural 

venous sinus tears or disruption of large emissary 
veins [46].

As the surgical incisions in the scalp and bone 
are above the level of the heart, there is risk of 
venous air embolism, and that risk is higher 
in open repairs [47]. The incidence is as high 
as 83%; however, most of these events are not 
hemodynamically significant [44].

Hypothermia is a concern in these lengthy pro-
cedures that often involve transfusion of blood 
products and large volumes of crystalloids/col-
loids. Incidence of hypothermia appears to be sim-
ilar between open vs. endoscopic approaches [47]. 
Hypothermia can lead to worsening coagulopathy 
and can increase blood loss and the need for trans-
fusion which exposes the child to further risk.

Another potential complication during this 
type of procedures is electrolyte derangements. 
Hypocalcemia occurs commonly with mas-
sive blood transfusions in children secondary to 
citrate toxicity. This is especially problematic 
for the young myocardium that tends to be more 
dependent on an adequate level of calcium in the 
plasma to maintain its contractility. Hypocalcemia 
can manifest as hypotension as well as electri-
cal conduction abnormalities such as prolonged 
QT. Citrate is metabolized in the liver to bicar-
bonate. The adult liver is capable of metaboliz-
ing approximately 3  g of citrate every 5  min. 
With massive blood transfusions, the liver fails 
to make this conversion leading to citrate toxicity 
and secondary hypocalcemia. It is customary to 
frequently check plasma calcium levels in infants 
to prevent this, especially with large transfusions 
of blood. Hyperkalemia is another potentially 
lethal electrolyte disturbance that occurs with 
aggressive blood transfusion; this happens when 
patients are given units of PRBCs that are old. 
As the blood ages, the extracellular potassium 
increases daily due to the lysis of the red cells. 
Hyperkalemia can result in ECG changes includ-
ing peaked T waves, small or absent P waves, 
widening of the QRS, and arrhythmias including 
ventricular fibrillation and asystole.

In order to prevent this, some institutions 
have specific blood bank policies where infants 
receive fresh red cells (<5 days old) [48] as well 
as blood that is leukocyte reduced and irradiated.
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7.3 Postoperative

Question 13:
What are your options for postoperative pain 
control for this patient?

Answer:
Currently there is a paucity of information 
describing the different pain therapies utilized 
after craniosynostosis repair. Most institutions 
use parenteral opioids in the first 24  h with 
intravenous acetaminophen and then transition 
patients to enteral medications [49].

Kattail et al. [50] recently explored this topic 
retrospectively looking at postoperative pain 
management in patients with nonsyndromic cra-
niosynostosis. The purpose of their study was to 
assess the quality of pain management after this 
type of surgery with the hypothesis that most 
likely pain is not managed adequately. Their spe-
cific aims were to identify perioperative analgesic 
regimens used in this cohort that included differ-
ent medications and dosages; to quantify maxi-
mum pain scores as well as to identify potential 
demographic and analgesic regimens that will 
predict LOS. They retrospectively looked at data 
from 54 patients at Johns Hopkins hospital who 
underwent open craniosynostosis repair in a span 
of 7 years. All patients were managed by the acute 
pain service postoperatively with a unique mode 
of analgesia (IV PCA by proxy either by parent 
or by nurse). Their study demonstrated that pain 
was not managed adequately in more than 50% 
of patients who demonstrated moderate or severe 
pain in the first 48 h postoperatively. They con-
cluded that this finding is probably secondary 
to the underutilization of multimodal analgesia. 
The only nonopioid analgesic that was consis-
tently used was acetaminophen. Ketorolac was 
only used in 11% of patients and dexamethasone 
in 60% of patients. After their study they imple-
mented a protocol that incorporated both medica-
tions and dexmedetomidine intraoperatively and 
in the first 24 h.

The use of other modalities for pain manage-
ment different than opioids in this population is 
an area of recent interest. A group from Johns 
Hopkins [51] conducted a review of the literature 

looking for studies that addressed the question 
“Does Perioperative Steroid Use Improve Clinical 
Outcomes in Open Repair of Craniosynostosis?” 
An initial PubMed and Embase search process 
yielded 149 articles; only three of them were 
eligible for analysis. All three studies supported 
the efficacy of perioperative steroid use in the 
management of postoperative facial edema. In all 
studies they looked at patients’ time to complete 
eye opening. In one of the studies, a statistically 
significantly larger group of patients who received 
steroids recovered with complete eye opening by 
postoperative day 3 (90%) when compared with 
the nonsteroid group (10%) [52]. Two of the three 
studies in the review showed a statistically sig-
nificant advantage in reducing LOS in the steroid- 
treated groups. No adverse events were reported. 
The authors concluded that steroids may be bene-
ficial in this population but due to the scarce infor-
mation more studies were needed to understand 
the efficacy and safety in this group.

The other area of recent interest is the use 
of scalp blocks to reduce perioperative opioid 
consumption. Only one study from France [53] 
with 32 patients describes the use of these blocks 
without any adverse events; the study is mostly 
descriptive and does not have a control group. 
It shows a potential advantage on their use, but 
larger, controlled studies are necessary to explore 
their safety and efficacy.

Question 14:
Where should this patient recover after surgery? 
When should the parents expect their child to be 
discharged home?

Answer:
In our institution all patients undergoing cranio-
synostosis repair either open or endoscopic are 
admitted postoperatively to the ICU for the first 
24  h for further monitoring and management. 
This is consistent with data from the PCCG reg-
istry [54] that showed that 90% (28/31) of insti-
tutions in the infant group and at 92% (22/26) of 
institutions in the older group admitted patients 
to the ICU.  ICU LOS data were available for 
more than 90% of patients in both the groups; the 
median ICU LOS was 2 days for both the groups. 
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Only 4% (39/872) of infants and 3% (7/279) of 
older children were not admitted to the ICU.

In regard to hospital LOS, data were available 
for >95% of all patients in the study. The median 
hospital LOS was 4 days in infants: 97% stayed 
more than or equal to 3  days and 80% stayed 
more than or equal to 4 days. Findings were simi-
lar in older children [54].

The same group compared data from the reg-
istry between the CVVR and endoscopic group 
(ESC) and looked at ICU admission rate and 
LOS data [55]. Data were available for 92% of 
infants in the open group and 91% of infants in 
the ESC group. In the ESC group, only 35% of 
infants (99/283) were admitted to the ICU. Only 
8 of 20 institutions admitted all their patients to 
the ICU.  This shows that ICU admission after 
ESC repair was not routine practice in the major-
ity of centers [55].

In the era of cost efficiency and safety, the 
question remains about the need for ICU admis-
sion for patients undergoing open repair who 
underwent uneventful anesthetics. A group from 
British Columbia Children’s Hospital (BCCH) 
examined “the need for routine intensive care 
admission after surgical repair of nonsyndromic 
craniosynostosis” [56]. The authors retrospec-
tively reviewed medical records of 114 patients 
who underwent nonsyndromic craniosynos-
tosis repair from 2011 to 2016 at BCCH of 
which 80 surgeries were opened and 34 were 
EAC. Admission from the operating room (i.e., 
ward or ICU) and transfer to the ICU from the 
ward were evaluated. Only 6% who had open 
procedures were initially admitted to the ICU; 
the reasons for admission were: the suggestion 
of preoperative elevated ICP and pain control or 
a significant medical comorbidity. Overall, of the 
107 patients admitted directly to the ward (75 
who underwent an open surgery, 32 who under-
went an EAC), none required ICU transfer. The 
authors suggested that patients with nonsyn-
dromic craniosynostosis can be managed safely 
on the regular ward and do not require postop-
erative ICU admission, potentially making it cost 
efficient [56]. More is to be said on this topic 
since more institutions in the United States admit 
patients after CVVR surgery to the ICU.

Multiple Choice Questions

 1. The patient developed sudden onset of brady-
cardia during the fronto orbital advancement. 
What will be the next step to manage 
bradycardia?
 (a) Administration of anticholinergic agent 

like atropine or glycopyrrolate
 (b) Ask the surgeon to flood the field with 

normal saline
 (c) Ask the surgeon halt the advancement 

temporarily
 (d) Give epinephrine
Answer: c

 2. Which of the following is not an independent 
predictor for perioperative complications in 
pediatric cranial vault reconstruction?
 (a) Craniofacial syndrome
 (b) Duration of surgery for more than 5 h
 (c) Lack of use of antifibrinolytics
 (d) Intraoperative blood and blood product 

transfusion <50 mL/kg
Answer: d

 3. Which of the following syndromes is not 
associated with craniosynostosis?
 (a) Apert syndrome
 (b) Pierre Robin sequence
 (c) Crouzon syndrome
 (d) Pfeiffer syndrome
Answer: b

 4. During the repair, this patient’s systolic blood 
pressure drops from 70 mm of Hg to 30 mm of 
Hg and end-tidal CO2 (EtCO2) decrease from 
35 to 10. What is the most likely diagnosis?
 (a) Hypovolemia
 (b) Hemorrhage
 (c) Venous air embolism
 (d) Tension pneumothorax
 (e) Too much anesthesia
Answer: c

 5. In regard to Question 4, what will be the next best 
step in the management of this complication?
 (a) Head up position of patient and OR table
 (b) Application of increase PEEP
 (c) Administration of mannitol
 (d) Informing surgical team and flooding the 

field with saline
 (e) Aspiration of central line
Answer: d
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Management of Patient with 
Craniopharyngioma

M. Srilata

Stem Case Terminology
A 30-year-old female presented with one 
episode of seizures 2 months back, increased 
thirst, increased frequency of micturition and 
blurring of vision for the last 2 months and 
headache for last 2–3 years. On further eval-
uation, the patient had stunted growth with 
short stature, malnourished, primary amenor-
rhoea and absence of secondary sexual char-
acters. On general examination, height was 
136 cm, weight 18 kg and body mass index 
(BMI) 18  kg/m2. Her baseline vitals were 
as noted: HR—73/min, BP—87/45  mmHg 
and SPO2—100%. Routine investigations 
were within normal limits. Endocrine test-
ing revealed serum FSH—0.7  mIU/mL, 
serum LH—0.1 mIU/mL, prolactin—5.4 ng/
mL, GH—0.71 ng/mL, ACTH—39.8 pg/mL, 
IGF1—<15 ng/mL, serum cortisol—7.6 mcg/
dL, serum osmolality—274  mOsm/L, urine 
osmolality—260  mOsm/L and glycosylated 
Hb—4.8%. Thyroid profile demonstrated 
serum total T3—1.4  nmol/L, serum total 
T4—11.9  mcg/dL, TSH—0.4  mcIU/mL, 
free T4—1.73 ng/dL and free T3—2.77 pg/
mL (after 1 month of thyronorm 50 mcg dose 
daily). Visual field testing revealed bilateral 
temporal scotomas. Computed tomography 

(CT) brain showed signs of well-defined 
hypodense lesion in the suprasellar region 
with multiple peripheral calcification. 
Magnetic resonance imaging (MRI) brain 
showed well-defined T1 hypointense, T2 flair 
hyperintense cystic lesion 6 × 3 × 2.8 cm in 
the suprasellar region extending superiorly 
into third and fourth ventricles; on con-
trast—heterogeneous enhancement of cyst 
wall was seen (Fig.  8.1). Medical manage-
ment included tab thyronorm 50 mcg OD and 
tab levetiracetum 500  mg BD.  The patient 
underwent craniotomy and decompression 
with aspiration of the cystic lesion, and an 
Ommaya reservoir with a catheter was placed 
inside the cyst cavity and left. The intraop-
erative and the immediate postoperative 
period was uneventful. And there was sub-
jective improvement in the vision in the left 
eye. In the first and second PO days, she had 
hypernatremia which was managed with free 
water administration and monitoring of fluid 
intake and output. After 14 days of surgery, 
the patient developed nausea and vomiting 
with S&S of diabetes insipidus (DI) which 
was medically managed and deteriorating 
consciousness (MRI scan showed residual 
craniopharyngioma with mass effect with 
ventriculomegaly and Ommaya reservoir 
in situ) managed with ventriculoperitoneal 
shunt. Later both Glasgow coma scale (GCS) 
and DI improved.
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Fig. 8.1 MRI of brain with and without contrast demon-
strating well-defined T1 hypointense, T2 flair hyperin-
tense cystic lesion 6 × 3 × 2.8 cm in the suprasellar region 
extending superiorly into third and fourth ventricles; on 

contrast—heterogeneous enhancement of cyst wall was 
seen. Post-op MRI showing residual tumour with 
Ommaya reservoir in situ
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8.1 Preoperative

Question 1:
What are the presenting signs and symptoms of 
patients with craniopharyngiomas?

Answer:
The presenting signs and symptoms and its sever-
ity depend on the site, extent and growth poten-
tial of the lesion [1, 2]. These are slow-growing 
tumours, and usually a gap of 1–2 years is seen 
before their clinical presentation. The central 
location of these tumours attribute for the neu-
roendocrine dysfunction, especially hypopituita-
rism and hypothalamic dysfunction, which is seen 
in 85–100% of patients. Headache and other S&S 
of increased intracranial pressure (ICP) is the next 
common presentation. The size of the tumour and 
its effect on the ventricular system are responsible 
for the findings of increased ICP like headache, 
nausea and vomiting [3]. The details of clinical 
presentation and its attributes are described in 
Table 8.1. Compared to adults, headache, nausea/
vomiting, papilledema, cranial nerve palsy and 
hydrocephalus are more frequent among chil-
dren. Endocrine dysfunction like hypogonadism 
is common in adolescents and psychiatric distur-

bances are common in elderly patients [2]. Visual 
disturbances and hypopituitarism are common in 
young and middle-aged adults.

The incidence of recurrence is too high for 
these tumours, both in local and meningeal vicin-
ity, which adds to increased morbidity. Multiple 
recurrences and post radiotherapy (RT) may pres-
ent with a malignant change, and this is very rare 
[4]. These patients may actually present to the oph-
thalmology outpatient department (OPD) or surgi-
cal OPD for either visual disturbances or growth 
abnormalities.

Question 2:
What preoperative investigations do patients with 
craniopharyngioma need?

Answer:
These patients are thoroughly evaluated for the 
type, site and extent of the tumour spread.

 A. Endocrine evaluation includes the battery of 
tests for both anterior and posterior pituitary 
[2, 5] (Table 8.2).

 B. MRI with or without contrast enhancement is 
the diagnostic modality for screening cranio-
pharyngiomas and helps in planning the surgi-

Fig. 8.1 (continued)
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cal approach. T1-weighted images demonstrate 
hyperintensity for the cystic component and 
iso-intensity for the solid component, with 
enhancement of the rim and the tumour nod-
ule. In T2-weighted images, both the cystic 
and solid component demonstrate 
hyperintensity.

 C. Computed tomography of the brain is an 
alternative screening tool for its diagnosis. 
Craniopharyngiomas are heterogeneous 
tumours, cystic component being hypodense 
and solid component being isodense with 
variable enhancement (with contrast). 

Presence of calcification (90%) is suggestive 
of diagnosis of craniopharyngioma [6].

 D. Plain skull X-rays show pathological changes 
in most of the adults and almost all children. 
Noted changes include any calcifications, 
enlargement of the sella, erosion of the sella, 
clinoid and dorsum, and any signs of 
increased ICP.

 E. Ophthalmological assessment should include 
visual acuity, confrontation visual field test-
ing, Goldman field testing, Amsler grid for 
central visual field and retinoscopy for papill-
oedema [7].

Table 8.1 Clinical presentation in craniopharyngioma

Structures involved Results Clinical presentation
Pituitary Hypopituitarism—growth 

hormone deficiency, 
corticotrophin, thyrotrophin 
and gonadotrophin deficiencies, 
prolactin deficiency, DI
Hyperpituitarism

Short stature, decreased muscle development, 
decreased bone mineral density, impotence, 
oligomenorrhea, amenorrhea, erectile dysfunction, 
decreased libido, hypothyroidism, polyuria, 
polydipsia, decreased stamina, weight loss, nausea, 
vomiting, headache and orthostatic hypotension, 
precocious puberty in children, SIADH

Hypothalamus and 
thalamus

Hypothalamic dysfunction Obesity (hyperphagia), lethargy (decreased 
functional activity), adipsia or hypodipsia (deficient 
thirst), temperature dysregulation, abnormalities in 
sleep wakefulness (excessive daytime somnolence 
or insomnia), behavioural changes

Mass effect or 
compression of the 
ventricular system—third 
ventricle, foramen of 
Monroe or aqueduct of 
Sylvius

S&S of raised ICP Headache, vomiting and bradycardia, papilledema, 
decreased consciousness, coma

Optic pathway—due to 
compression or mass 
effect

Visual field defects Bitemporal hemianopsia, homonymous anopia, 
decreased central vision scotoma, optic atrophy with 
papilledema

Motor Hemi or mono paresis
Brain parenchyma Anterior, middle, or posterior 

cranial fossa
Seizures, cognitive dysfunction, psychiatric 
disturbances like hallucinations, emotional lability 
and paranoid delusions, apathy and incontinence

Rupture of the cyst Chemical meningitis Headache, neck stiffness, seizures
Vessel compression or 
involvement of the 
midbrain

Midbrain infarction
Occlusion of the posterior 
inferior cerebellar artery

Weber’s syndrome—ipsilateral third cranial nerve 
palsy with contralateral hemiplegia
Wallenberg syndrome

Parasellar extension and 
involving cavernous sinus

Local invasion Cranial nerve palsies, diplopia, paresis of the ocular 
muscles

Nasopharynx, paranasal 
area, and ethmoid sinus 
involvement

Obstructive or compressive or 
bleeding symptoms

Nasal obstruction, epistaxis, anosmia

CP angle Site of tumour Hearing loss
Brain stem Local invasion of the brain 

stem—rarely seen
S&S of brains stem dysfunction

M. Srilata
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Question 3:
What other conditions should be considered in 
the differential diagnosis?

Answer:
The common geographical sites suprasellar, 
sellar and parasellar. The differential diagnosis 
include [1]:

• Sarcoid, sellar tumour, pituitary adenoma
• Aneurysm, arachnoid cyst
• Teratoma/dermoid, epidermoid cyst, 

tuberculosis
• Rathke’s cleft cyst, choristoma, choroid glioma
• Hypothalamic glioma, teratoma, hamartoma 

of the tuber cinereum, Langerhan’s cell 
histiocytosis

• Meningioma, metastasis
• Optic chiasm glioma
• Lymphocytic hypophysitis, lipoma
• Non-Hodgkin’s lymphoma
• Germinoma
• Infundibuloma
• Suprasellar abscess

Question 4:
Describe the history and epidemiology of 
craniopharyngiomas.

Answer:
History: Craniopharyngiomas were first identi-
fied as a mass of squamous epithelial cells along 
the pars distalis and pars tuberalis of the pitu-
itary by Friedrich Albert von Zenker in 1857 [8]. 
Later, histological origin of these tumours from 
hypophyseal duct or Rathke’s pouch was first 
postulated by Mott and Barret in 1899, and later 
the same was confirmed by Erdheim in 1904. The 
widely used term “Craniopharyngioma” for these 
tumours was introduced by Cushing in 1932.

Incidence and Prevalence: Craniopharyngiomas 
are rare and benign epithelial tumours emanating 
along the path of craniopharyngeal duct. The inci-
dence of these tumours varies from 0.13 to 2 per 1 
lakh population per year with a point prevalence of 
approximately 1–3 per 1 lakh population [9]. There 
is no predilection to race or gender. The age of pre-

sentation is bimodal, children 5–14 years and elderly 
65–74 years of age [10]. They represent about 2–6% 
of all paediatric primary intracranial tumours and 
around 50% of all sellar/parasellar tumours. Apart 
from the sellar region, it may present in other parts 
of CNS or nasopharynx. It can have multiple origins 
at the time of presentation. Congenital craniopha-
ryngioma has been described in the literature. It was 
diagnosed in the antenatal period and later was radi-
cally excised after birth [11].

Question 5:
Briefly describe the anatomy of the craniopha-
ryngeal duct and its adjacent structures with their 
physiologic functions.

Answer:
Craniopharyngeal duct is a rare, well-corticated 
canal from the sellar floor through the midline 
of the sphenoid bone to the anterosuperior part 
of the nasopharynx (adenohypophyseal stalk). 
During development, at 6th–7th weeks of gesta-
tion, the cartilaginous sphenoid skull base devel-
ops and obliterates the stalk.

Pituitary gland is the master of all glands and 
regulates all other endocrine organs [12, 13]. It is 
located in the sella turcica of the sphenoid bone at 
the base of the skull. This provides a path for the 
excision of the pathological lesions via the nasal 
cavity (transnasal transphenoidal approach). The 
optic chiasma is superiorly placed to the gland 
and further superiorly is the hypothalamus. 
Laterally lies the cavernous sinus with carotid 
arteries and cranial third, fourth and fifth nerves 
and posteriorly the clivus. The pituitary stalk is 
anterior to the optic chiasma.

Pituitary gland has three lobes: anterior lobe 
(adenohypophysis), intermediate lobe and pos-
terior lobe (neurohypophysis). The release of 
hormones from these lobes is regulated by the 
hypothalamus via the hypothalamo-pituitary axis 
via the hormonal (anterior lobe) or nervous sig-
nals (posterior lobe) [13]. The list of hormones is 
tabulated (Table 8.2).

Question 6:
How do you classify craniopharyngiomas?
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Answer:
Based on the embryology and histology, they are 
commonly classified into two types [14]:

 1. Adamantinomatous tumours: (a) They arise 
from the epithelial remnants of the Rathke 
pouch or the craniopharyngeal duct, (b) the 
location of the tumour is explained by this 
embryogenesis and (c) common in children. 
The incidence of recurrence is high, and they 
are locally invasive tumours [15].

 2. Squamous papillary: (a) These result from the 
metaplasia of squamous epithelial cells at the 
junction of the pituitary stalk and pars distalis 
and (b) more common in adults.

 3. Transitional or mixed types.

Question 7:
What are the common sites of craniopharyngioma?

Answer:
According to the location of the tumour, they may 
be sellar, suprasellar, parasellar, retrosellar and 
infrasellar or multicompartmental. They are rarely 
malignant, but have the propensity for local inva-
sion. A recent classification of craniopharyngiomas 
was based on the site of tumour origin and tumour–
meningeal relationship: (a) infrasellar/infradia-
phragmatic, common in children (b) suprasellar, 
subarachnoid extraventricular; common in adults 
and rarely seen in children and (c) suprasellar sub-
pial types, seen in both adults and children [16].

They are avascular tumours, either displace 
or encase the vessels of circle of Willis, depend-
ing upon the site, growth and invasiveness of the 
tumour. Sellar tumours may present with sellar 
enlargement due to erosion of the floor of the 
sella.

Question 8:
What are the treatment options for patients with 
craniopharyngiomas?

Answer:
The main stay of therapeutic management is to 
cure the disease with the preservation and resto-
ration of the functional activity [17, 18].

 1. Medical management: Hormonal replacement 
therapy is instituted for any endocrine abnor-
malities present.

 2. Surgical approach—biopsy, subtotal or total 
excision of the tumour. Total excision is 
attempted wherever possible to prevent recur-
rence of the tumour.
 (a) Small tumours restricted to sella—endo-

scopic transnasal transphenoidal approach; 
but rarely done in children (because of the 
developing sinuses, anatomy and small 
nares compared to adults); increased 
chances of CSF leak but decreased risk of 
visual injury.

 (b) Large tumours far beyond sella—craniot-
omy and radical excision or extended or 
far extended endoscopic transphenoidal 
approach

 (c) Keyhole or minimally invasive approaches 
via supraorbital incision—advantages 
include decreased dural leak and cosmetic 
incision (Fig. 8.2).

 3. RT—after biopsy, subtotal excision or in 
recurrent tumours.

 4. Intracystic RT—recurrent cystic tumours.
 5. Chemotherapy—with bleomycin.
 6. Aspiration—purely cystic mass.
 7. Emergency Ommaya reservoir or biventricu-

lar shunt in children with giant tumours.
 8. Stereotactic radiosurgery—for recurrent solid 

tumours.

Fig. 8.2 Supraorbital keyhole subfrontal approach for 
excision of suprasellar cystic craniopharyngioma
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The most common indication for surgery 
is local invasion or compression effect of the 
tumour leading to symptomatology.

8.2 Intraoperative

Question 9:
What are the anaesthetic concerns in the manage-
ment of patients with craniopharyngiomas?

Answer:
Anaesthetic concerns include:

 (a) Endocrine evaluation: This is done to identify 
abnormalities in endocrine function like thy-
roid function tests, growth hormone, cortisol 
levels, sex hormones, ACTH and prolactin 
[1]. Hypoadrenalism, DI and hypothyroidism 
have shown to have significant morbidity and 
mortality and should be normalised prior to 
any elective surgery. In cases of emergency, 
both hypoadrenalism and DI should be evalu-
ated and treatment started prior to surgery.

Older children and adults peak cortisol 
levels in the morning around 8.00 am. Hence, 
sampling for cortisol assay is preferred in the 
morning. Presence of eosinophils in a periph-
eral blood smear is an indirect clue pointing 
towards cortisol deficiency. Patients with low 
cortisol levels are supplemented with ste-
roids and optimised before elective surgery 
[2]. Replacement is done with prednisone 
single morning oral dose of 3–4 mg or hydro-
cortisone 15–25  mg orally in 2–3 divided 
doses. In children, hydrocortisone is given in 
an oral dose of 10–15  mg/m2/day, in either 
two or three divided doses. Only 50–90% of 
the oral dose is absorbed; hence, oral dose 
should be approximately 1.5–2 times the 
daily production rate of cortisol. Adequacy 
of replacement is assessed by clinical cri-
teria. In critically ill and hemodynamically 
unstable patients, urgent replacement is done 
with hydrocortisone intravenously at a dose 
of 100 mg in three divided doses. All patients 
with confirmed central hypopituitarism 

should be warned about the sick day stress 
glucocorticoid replacement for added inter-
current infection and prior to surgery. Almost 
2–3 times the maintenance dose is required 
to combat the adrenocorticoid requirement. 
On the other hand, overdosage with gluco-
corticoid replacement and its side effects like 
central adiposity, dyslipidaemia and cardio-
vascular mortality should be avoided.

Free T4 levels are the main target to treat 
hypothyroidism. Thyroxine tablets should be 
supplemented to normalise the free T4 levels 
at least to upper level of the normal values or 
till the symptoms are normalised. The dose 
recommended for children 6–10 years of age is 
4–5 μg/kg/day PO and according to body sur-
face area; it is approximately 50 μg/m2 per day 
(or approximately half that used to treat primary 
hypothyroidism). The adequacy of the dose can 
be readily determined by measuring the serum 
level of free T4. TSH levels should not be mon-
itored as the patients are TSH-deficient.

In the case of concomitant hypopituitarism 
with corticotropin deficiency or any other 
causes of suspected adrenal insufficiency, 
glucocorticoid replacement should always 
precede thyroid hormone replacement. This 
reduces the risk of adrenal crisis resulting from 
increased demands from enhanced metabo-
lism from thyroid hormone replacement.

DI is a common finding and treated with 
fluid management, vasopressin or desmo-
pressin [19]. Desmopressin is safely used in 
a dose of 0.05 mg per oral (PO) twice daily 
in children. Though it is 20 times less potent 
than nasal form, the safety and flexibility of 
dosing have replaced the nasal form of des-
mopressin. Lysine vasopressin can also be 
used in a dose of 2.5–10 units intramusculary 
(IM)/subcutaneous (SC)/intranasally twice or 
thrice daily [20]. Management of DI requires 
meticulous monitoring of fluid intake, urine 
output, serum sodium levels and body weight, 
especially in patients with deficient thirst to 
guide fluid and desmopressin administration.

Other neuroendocrine replacements 
include growth hormone and sex steroids 
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though not much of anaesthetic relevance. 
Growth hormone replacement is considered 
in paediatric patients to improve the linear 
growth and also in normal adult patients to 
improve the exercise capacity, quality of life 
and body composition. Adequacy of GH 
replacement is assessed with clinical crite-
ria and insulin-like growth factor-1 (IGF-
1) levels. During GH and glucocorticoid 
replacement therapy, blood sugars should be 
monitored as obese patients are at increased 
risk of developing diabetes mellitus. If the 
patient has concomitant hypothyroidism, it 
should be assessed and treated first before 
testing for GH deficiency and initiation of its 
management.

Sex steroid replacement for men with 
testosterone and for women with oestrogen 
containing OC pills is considered, especially 
in premenopausal adults. Gonadotrophin 
replacement may be considered in patients 
with infertility.

Overall, the morbidity and mortality along 
with cardiovascular and cerebrovascular 
mortality are more with craniopharyngiomas. 
Adequate optimization of the neuroendo-
crine dysfunction and obesity management 
improves the outcome and overcomes the 
mortality and morbidity risk.

 (b) Interpretation of CT and MRI findings—pro-
vides an idea about the extent and involve-
ment of adjacent structures, correlation with 
the clinical findings and careful understand-
ing and meticulous management of both 
intraoperative and postoperative 
complications.

 (c) Airway in paediatrics is completely different 
from adults. Short stature and obese children 
pose challenges in airway management. 
Proper airway assessment is mandatory in 
special category of cases with hypothalamic 
involvement [21].

 (d) The circle of Willis and its arterial compo-
nents, the adjacent carotid and basilar arteries 
and their perforating branches are usually 
stretched around the suprasellar extensions of 
the craniopharyngioma tumour. Though the 
tumour is avascular, vicinity of the tumour to 

these adjoining vessels may present with vas-
cular damage and increased chances of bleed-
ing. This requires meticulous and vigilant 
management during acute and sudden blood 
loss [22]. Understanding the tumour anatomy 
helps in gentle and meticulous dissection and 
avoids major catastrophe.

 (e) Obese children may have associated respira-
tory problems and obstructive sleep apnoea 
(OSA). These patients should be identified 
preoperatively and categorised as high-risk 
candidates. Patients with sleep apnoea may 
benefit from CPAP therapy. Bariatric surgery 
is an option especially in patients with BMI 
exceeding 40 kg/m2 or >35 kg/m2 with seri-
ous comorbidities.

 (f) Risk stratification: Age more than 5  years, 
tumour size less than 4 cm, complete surgical 
removal, lack of calcification, Caucasian 
race, absence of hydrocephalus (need for 
CSF shunting) and absence of severe endo-
crinological dysfunction are the conditional 
criteria required for a favourable prognosis.

Another important grading to judge the 
severity of the lesion and surgical decision 
in children speaks of three grades: Type 0—
no hypothalamic involvement, Type 1—dis-
torts or elevates the hypothalamus and Type 
2—hypothalamus is not visible (infiltrating/
invoking) in imaging [23].

These grading systems give an overall pic-
ture of the incidence of PO morbidity, the plan 
of surgery, anticipated problems and anaes-
thetic plan and management accordingly.

 (g) Volume status and electrolyte disturbances 
are monitored and corrected especially in 
children with S&S of increased ICP and 
receiving mannitol [24]. Patients with preop-
erative DI, due to nocturnal enuresis, may 
present with hypovolaemia in the morning of 
surgery. These children should be cautiously 
handled for hemodynamic instability at the 
time of induction.

Other minor concerns include:
1. Children and their parents are counselled 

regarding the diagnosis, the extent of the 
lesion, anaesthesia technique, surgical 
approach, positioning during surgery, 
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possible complications, and PO intensive 
care stay.

2. All the children are advised nil orally at 
least for 6 h for solids and 2 h for clear 
liquids as per American Society of 
Anesthesiologists guidelines.

3. Patients on replacement hormonal therapy 
should receive their morning doses of 
drugs. Children on antiepileptic agents for 
seizure management are continued on the 
day of surgery. This may have an effect on 
the neuromuscular blocking effect of non-
depolarising muscle relaxants [25].

4. Neurocognitive testing is important in 
children showing deterioration in school 
performance [26].

5. Premedication with sedatives is not man-
datory, especially in children with S&S of 
increased ICP. Anxious children without 
any signs of increased ICP may be advised 
mild sedatives like trichlorofos 100–
125 mg/kg or alprazolam 0.25 mg under 
vigilant monitoring.

6. Informed consent is mandatory.
7. Pre-emptive analgesia with tab 

paracetamol or any nonsteroidal anti-
inflammatory drugs (NSAIDs) and carbo-
hydrate drinks 2 h before surgery may be 
helpful for implementing ERAS in 
straightforward Type 0 tumours or patients 
with favourable prognosis.

Question 10:
Describe briefly the anaesthesia management and 
positioning of patients undergoing surgery for 
craniopharyngioma.

Answer:
After proper identification of the patient and 
rechecking the medications and neurological sta-
tus, children are shifted to the operation theatre 
in a trolley. Balanced anaesthesia is a requisite, 
as for any craniotomy. The aim is to maintain 
cerebral perfusion pressure, avoid any increase in 
ICP or any variations in mean arterial pressure 
[27]. Intravenous induction is ideal, but inhala-
tional induction with sevoflurane is preferred 
in un- cooperative children and with difficult 
intravenous (IV) access [24]. Multimodal anal-

gesia is provided with IV fentanyl, paracetamol 
and scalp block. Maintenance of anaesthesia is 
accomplished with inhalational agents or total 
IV anaesthesia with intermittent or continuous 
infusion of a short-acting opioid (like fentanyl 
or remifentanil) and neuromuscular blocking 
agent (atracurium). Inhalational anaesthetics like 
isoflurane are administered at 0.8–1.2 minimum 
alveolar concentration to avoid cerebral vasodila-
tion and further aggravation of ICP. Anaesthetics 
like propofol or dexmedetomidine infusions may 
be used as anaesthetic adjuvants [28].

A motionless and blood less surgical field is 
essential for clear and clean plane of dissection, 
identification of vital structures and excision of 
the tumour mass [28]. Maintaining the arachnoid 
layer around the tumour during tumour dissection 
and excision helps in preserving the neurovascular 
structures around the craniopharyngioma. Mannitol 
(0.25–1  g/kg) and other ICP lowering interven-
tions are carried out for children with increased 
ICP. Sometimes, emergent decompressive craniot-
omy is required for sudden and acute presentation 
of patients with tumours obstructing at the level of 
fourth ventricle and aqueduct of Sylvius.

Airway management is crucial in paediat-
rics, more so in short stature and obese children. 
Intubation may require bougie, video laryngo-
scope, fibre-optic bronchoscope and other air-
way equipment for handling a difficult paediatric 
airway. Opioids are administered in low doses or 
avoided, especially in patients with OSA.

Surgical Position: The surgical approach dic-
tates the position of the patient [28]. Supine posi-
tion with slight head tilt and lateroflexion (malar 
prominence should be at the highest level) is the 
most commonly advocated one. The Mayfield 
frame is used to fix the head with paediatric 
pins or head is supported in a horse shoe frame. 
Application of skull pins in paediatric patients 
carries the danger of intracranial haematoma, 
dural tear and skull fracture. Careful positioning 
is done keeping in view of any airway compro-
mise, venous congestion of the neck, IV access, 
padding of pressure points and protection of the 
eyes. Gross rotation of the head or neck flexion 
is avoided for any increase in venous pressure 
and for any inward migration of the endotracheal 
tube.
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Question 11:
Describe the anaesthesia concerns in patients 
undergoing trans sphenoidal resection of sellar 
craniopharyngiomas?

Answer:
The most common approach used nowadays is 
endoscopic endonasal approach. There are many 
advantages of this approach over craniotomy. 
They are cosmetic reasons, lesser incidence of 
injury to optic chiasm and frontal lobes, lesser 
incidence of DI, shorter duration of surgical 
intervention, minimal pain scores, shorter hospi-
tal stay and decreased morbidity [29].

The specific anaesthesia concerns include:

 (a) Route of entry via the nasal cavity with an 
endoscope invokes sympathetic response and 
sometimes results in exaggerated hemody-
namic response and its consequences. 
Balanced anaesthesia with the use of depth 
of anaesthesia monitoring and adequate anal-
gesia combats this response. Other options 
include inhalational anaesthesia, propofol or 
dexmedetomidine infusion, labetalol or NTG 
infusion and high dose of opioids. Regional 
anaesthesia with infraorbital block, maxil-
lary block or sphenopalatine ganglion block 
will supplement general anaesthesia and 
overall decreases the dose of inhalational and 
IV anaesthetic drugs. Endoscopic endonasal 
approach has the least hemodynamic 
response compared to the traditional 
approach.

 (b) Throat pack is an essential component. This 
prevents any seepage of blood from the site 
of tumour excision and nasal cavity into the 
throat. The throat should be properly packed 
with a saline-soaked roll of gauze. This 
should be properly tagged, labelled and 
removed at the end of surgery before extuba-
tion. There are reports of missed gauze rolls 
leading to obstructive breathing pattern and 
even cardiac arrest [30].

 (c) All the patients should be counselled regard-
ing the surgical route and postoperative nasal 
obstruction due to nasal packing. Patients are 
taught about mouth breathing in the postop-

erative period, especially in patients with 
bilateral nasal packing. Negative pressure 
pulmonary oedema is a major concern in 
these patients [31].

 (d) Obese patients especially with OSA may 
have a problem in the immediate postopera-
tive period at the time of extubation in 
patients with bilateral nasal packing. Opioids 
are avoided or administered at very low 
doses. NSAIDs or regional anaesthesia is 
supplemented for analgesia.

Question 12:
What are the monitoring modalities for the intra-
operative management of craniopharyngioma? 
Also describe the vascular access and fluid man-
agement in brief.

Answer:
Routine monitoring includes oxygen saturation 
by pulse oximetry, heart rate, electrocardiogra-
phy, capnography and temperature. Surgery for 
craniopharyngioma may be associated with sud-
den blood loss, sometimes hypothalamic and 
rarely brain stem stimulation. The potential for 
any vascular injury warrants placement of an 
arterial cannula for continuous vigilance and 
timely action. Systolic pressure variation moni-
toring guides us in identifying and treating vol-
ume deficit. It also assists in frequent sampling of 
blood gases, electrolytes, glucose and osmolality, 
especially for the treatment of DI.

DI is a common intraoperative complication 
of craniopharyngioma. Apart from urine out-
put, central venous pressure (CVP) monitoring 
is required for the diagnosis and management 
of DI. This also helps in rapid replenishment of 
acute blood losses and for the administration of 
vasoactive drugs.

Vascular Access and Fluid of Choice: Two 
large bore cannula would suffice for any crani-
otomy in paediatric patients. This would take 
care of any unexpected and sudden blood loss. 
Central venous catheter may be required depend-
ing upon the size of the tumour and extent of the 
radical excision. This is beneficial especially in 
patients suspected of developing DI or already 
established DI.  Arterial pressure with systolic 
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pressure variation monitoring is an important req-
uisite for the chances of blood loss, and hemody-
namic instability during surgery is increased with 
radical excision of the tumour. Normovolaemia 
is the accepted criteria for perioperative fluid 
management in neurosurgery. Normal saline is 
the fluid of choice for all intracranial neurosurgi-
cal procedures as it is slightly hyperosmolar and 
attenuates cerebral oedema [32]. Balanced salt 
solutions have replaced normal saline in many 
of the centres for they have shown to have better 
control over the acid–base balance and electro-
lyte status. Hypoglycaemia is a common presen-
tation in paediatric patients undergoing major 
surgery, and on the other hand, hyperglycaemia 
exacerbates neurologic injury if ischemia occurs. 
Frequent monitoring of blood glucose and timely 
and appropriate management of glucose distur-
bances is essential.

Question 13:
What are the intraoperative concerns in a patient 
undergoing surgery for craniopharyngioma?

Answer:
The intraoperative concerns include:

 1. Injury to adjacent neural structures: 
Manipulation or any injury to the optic nerve 
and optic chiasm may result in deterioration 
of the vision.

 2. Steroid replacement is an essential compo-
nent for major surgery in these patients. 
These children require an initial dose of 
0.5–1 mg/kg of hydrocortisone every 6 h at 
least for 72 h.

 3. Because of the close vicinity of the ICA and 
other vessels of the circle of Willis and due 
to the local invasion of the tumour, bleeding 
is a major concern. Controlling the depth of 
anaesthesia with lower side of the normal 
blood pressure is important to minimise the 
blood loss. Estimation of the blood volume 
and calculation of maximum allowable blood 
loss is essential and should be determined in 
advance for effective management of blood 
loss and its transfusion in paediatrics. Since 
the tumour is avascular, pharmacological 

agents like tranexamic acid may not be use-
ful. Sometimes, uncontrolled bleeding may 
result in cardiac arrest and increased mortal-
ity [28].

 4. DI is the most anticipated intraoperative 
complication. This occurs due to injury to 
the pituitary stalk or hypothalamus, result-
ing in decreased antidiuretic secretion and 
diminished ability to concentrate urine. 
The incidence following transcranial exci-
sion is around 60–70%. It is characterised 
by increased output (≥4 mL/kg/h in 24 h) 
of dilute urine (<300  mOs/kg). Volume 
replacement is the main line of treatment 
with continuous monitoring of CVP, acid 
base, osmolality, electrolyte changes and 
glucose. If it is associated with hyperna-
tremia (>150  mg/dL), a hypo-osmolar 
fluid is preferred. To avoid rapid correc-
tion of sodium levels and its deleterious 
effects, the fall in sodium levels should be 
targeted at 0.5  mmol/L/h. Continuous 
infusion of arginine vasopressin with defi-
cit-directed fluid management is useful in 
the intraoperative management of DI [33] 
(Fig. 8.3).

During the initial therapy, one should 
monitor for fluid retention and hyponatre-
mia. Overall, monitoring of fluid intake, 
output, thirst, specific gravity, serum sodium 
and 24 h urinary volumes helps in early iden-
tification and timely management of DI.

 5. Hypothalamic disturbances may result in 
loss of temperature homeostasis. Stimulation 
of the anteromedial hypothalamus may 
induce ST-T changes, which may be mis-
leading towards cardiac ischemia [34].

 6. Injury to mammillothalamic tract, thalamus 
and basal forebrain may result in children 
undergoing radical excision of the tumour [35].

 7. Brain stem injury is rare but may occur in 
cases with widespread invasion [36]. 
Sometimes, the patient may require intensive 
care unit (ICU) admission in a comatose state.

 8. Hypotension, not responding to vasoactive 
drugs, may be seen in patients with severe 
hypoadrenalism. Hydrocortisone in a dose of 
0.5–1 mg/kg may be beneficial.
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 9. As the conventional craniotomy involves 
frontal lobe retraction and manipulation, 
seizures are common in the postoperative 
period. These patients are administered anti-
epileptics like IV phenytoin 10 mg/kg as a 
loading dose for prophylaxis soon after 
excision of the tumour in the intraoperative 
period and are continued in the PO period. 
Patients with symptomatology of seizures 
and on antiseizure treatment will receive 
their maintenance dose of antiepileptic drug 
in the intraoperative period.

 10. CSF leakage: more commonly seen in children 
undergoing trans-sphenoidal approach [37].

Question 14:
Will you tracheally extubate the patients at the 
end of surgery?

Answer:
The duration of surgery depends on the extent of 
the lesion, surgical plan, surgical expertise and 
surgical field conditions. The patients with an 
uneventful intraoperative period may be extu-
bated on table. Difficult extubation is anticipated 
in obese patients with OSA.

8.3 Postoperative

Question 15:
What are the different postoperative concerns 
and complications? How should one anticipate 
and manage the same?

Answer:
The postoperative concerns are enumerated as 
below:

 1. Pain: Postoperative pain is a major concern. 
Analgesic priming with injection fentanyl, 
injection paracetamol, scalp block and infil-
tration analgesia are helpful in combating 
postoperative pain. Sphenopalatine ganglion 
block, maxillary block and infraorbital block 
are helpful.

 2. Fluid management: Normovolaemia should 
be maintained with the use of normal saline. 
Balanced salt solution is an alternative option.

 3. The intraoperative problems like DI may 
carry onto the PO period. The incidence is 
around 70–90%. Details are already 
described in the intraoperative concerns [34]. 
Other symptoms of DI like loss of thirst is 

MANAGEMENT OF INTRAOPERATIVE DIABETES INSPIDUS

FLUID MANAGEMENT
•    Do not try to chase urine output with iv fluids
•    Replace fluid deficits and blood loss with
     normal saline, blood and blood products
     whichever is appropriate, especially to
     support blood pressure
•    Total amount of IV fluids should be kept at
     2/3rd maintenance
•    ABG sampling to check for serum sodium and
     serum osmolality every hour

Evidence of Intraoperative Diabetes insipidus
•    Urine output ≥ 4 mL/kg/hr
•    Serum Na ≥ 145 mEq/L

•    Serum osmolality > 300 mOsm/kg
•    Urine osmolality < 300 mOsm/kg

•    Presence of polyuria ≥ 30 min
•    Exclude other causes of polyuria (e.g., mannitol,

furosemide, osmotic contrast agents,
hyperglycaemia)

POSTOPERATIVE CARE
•    Continue and titrate vasopressin infusion 
•    Dedicated ICU care 
•    Regular monitoring of serum electrolytes,
     osmolality, urine output and blood glucose

VASOPRESSIN INFUSION
•    Preparation: 50mU/mL (i.e., 2.5U in 50 mL NS)
•    Dose: start with 1mU/kg/hr and slowly
     increase the rate to a max. of 10mU/kg/hr to
     target the urine output to < 2mL/kg/hr

Fig. 8.3 Algorithm for the management of diabetes insipidus
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unmasked in the postoperative period and 
hence pose a high risk for hypernatremia. 
Nasal desmopressin is effective in the dose 
of DI present in the preoperative period. DI 
may improve after surgery but other endo-
crine abnormalities rarely improve.

 4. Other features of hypopituitarism, like ante-
rior and posterior pituitary dysfunction, may 
be seen. The incidence is around 50–100%. 
After 48–72 h of supraphysiologic doses of 
steroid replacement, the dose is maintained 
or tapered down to physiologic doses of 
hydrocortisone depending on the daily morn-
ing cortisol levels [38]. Some of the patients 
receive steroids for long term in order to bal-
ance the hypothalamo-pituitary axis.

 5. In patients undergoing radical surgery, hypo-
thalamic dysfunction like hyper- or hypother-
mia, behavioural and memory changes may 
be evident. These subset of patients with loss 
of temperature homeostasis and somnolence 
have a very bad prognosis [34, 39].

 6. Postoperative seizures are common following 
craniotomy surgery and respond promptly to 
antiseizure treatment. They rarely occur fol-
lowing transphenoidal surgery.

 7. Obese patients with established diagnosis of 
OSA may have difficulty in weaning from 
ventilation and, in due course, may develop 
respiratory infections and become ventilator 
dependent. Careful and timely weaning of 
these patients is important to avoid these 
complications.

 8. Patients with severe dyselectrolytaemia, hae-
modynamic instability, hypothalamic injury, 
changes in osmolality and acid base may 
require postoperative elective respiratory 
support.

 9. Residual tumour: MRI scan is repeated in the 
postoperative period to evaluate the extent of 
lesion which may be responsible for the 
delayed appearance of symptoms. Most of 
the patients with residual tumour are effec-
tively treated with RT.  RT is like a double 
edge sword. RT following surgery is very 
effective in regression of the tumour, but at 
the same time, it may have its effect on intel-
ligence quotient and growth. Delayed RT is 

preferred in paediatric patients to avoid this 
effect.

 10. Follow-up of the neurocognitive function in 
the PO period is essential to understand the 
quality of life in children, especially with 
preoperative changes, and following subtotal 
resection and RT [40].

 11. Rarely, patients may develop radiation- 
induced gliomas, most common site being 
the temporal lobe. Other side effects of RT 
are endocrine dysfunction, optic neuritis, 
dementia and radiation necrosis.

 12. Some patients may present with S&S of 
obstructive hydrocephalus; respond to surgi-
cal bypass procedures like ventriculo- 
peritoneal shunt.

 13. An adequate and balanced intake of salt and 
water is necessary. Low protein and low salt 
diet would be helpful to decrease urine 
volume.

 14. All these patients require regular lifelong 
assessment, almost every 6–12  months and 
treatment for endocrine deficits. These defi-
cits may be the result of tumour recurrence, 
progression of the tumour, surgery or radia-
tion therapy.

Multiple Choice Questions
 1. Glucocorticoid replacement is done prior to 

thyroid replacement to avoid
 (a) Adrenal crisis
 (b) Thyroid crisis
 (c) Inadequacy of treatment
 (d) DI
Answer: a

In the case of concomitant hypopituita-
rism with corticotropin deficiency or any 
other causes of suspected adrenal insuffi-
ciency, glucocorticoid replacement should 
always precede thyroid hormone replace-
ment. This reduces the risk of adrenal cri-
sis resulting from increased demands from 
enhanced metabolism from thyroid hormone 
replacement.

 2. Adequacy of thyroid replacement in cranio-
pharyngioma patients with thyroid dysfunc-
tion is assessed by
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 (a) TSH levels
 (b) Free T4 levels
 (c) Free T3 levels
 (d) Thyroid binding globulin
Answer: b

Thyroxine tablets should be supplemented 
to normalise the free T4 levels at least to upper 
level of the normal values or till the symptoms 
are normalised. The dose recommended for 
children 6–10 years of age is 4–5 μg/kg/day 
PO, and according to body surface area, it is 
approximately 50 μg/m2 per day (or approxi-
mately half that used to treat primary hypo-
thyroidism). The adequacy of the dose can be 
readily determined by measuring the serum 
level of free T4. TSH levels should not be 
monitored as the patients are TSH-deficient.

 3. The aim of surgical management in cranio-
pharyngioma is:
 (a) Maintain the blood–brain barrier
 (b) Maintain the ICP
 (c) Maintain the integrity of the arachnoid 

layer
 (d) Maintain muscle relaxation
Answer: c

Maintaining the arachnoid layer around the 
tumour during tumour dissection and excision 
helps in preserving the neurovascular struc-
tures around the craniopharyngioma.

 4. Central DI is characterised by
 (a) Urine osmolality >300  mOsm/kg in the 

presence of hypernatremia (>145  mmol/
dL)/hyperosmolality (>295 mOsm/kg)

 (b) Urine osmolality <300  mOsm/kg in the 
presence of hypernatremia (>145  mmol/
dL)/hyperosmolality (>295 mOsm/kg)

 (c) Urine osmolality <300  mOsm/kg in the 
presence of hyponatremia (<135  mmol/
dL)/hyperosmolality (>295 mOsm/kg)

 (d) Urine osmolality <300  mOsm/kg in the 
presence of hypernatremia (>145  mmol/
dL)/hyposmolality (<275 mOsm/kg)

Answer: b
DI is the most anticipated intraoperative 

complication. This occurs due to injury to 
the pituitary stalk or hypothalamus, result-
ing in decreased anti-diuretic secretion and 
diminished ability to concentrate urine. 

The incidence following transcranial exci-
sion is around 60–70%. It is characterised 
by increased output (≥4 mL/kg/h in 24 h) of 
dilute urine (<300 mOsm/kg).

 5. Adequacy of GH replacement is guided by
 (a) Melatonin levels
 (b) IGF-1 levels
 (c) Melatonin levels and clinical criteria
 (d) IGF-1 levels and clinical criteria
Answer: d

The actions of growth hormone is medi-
ated by IGF-1; hence, the adequacy of GH 
replacement is best assessed by IGF-1 levels 
and clinical criteria.

 6. Response to desmopressin treatment for cen-
tral DI is assessed by:
 (a) >50% decrease in urine osmolality
 (b) >50% increase in serum osmolality
 (c) >50% increase in urine osmolality
 (d) >50% increase in serum osmolality
Answer: c

DI is characterised by urine osmolality 
<300  mOsm/kg in the presence of hyper-
natremia (>145  mmol/dL)/hyperosmolality 
(>295  mOsm/kg); >50% increase in urine 
osmolality to desmopressin suggest central 
DI. This is called renal response.

 7. Favourable prognosis in patients undergoing 
surgery for craniopharyngioma is stratified 
by
 (a) Age more than 5 years and hypothalamic 

involvement
 (b) Age less than 5  years and absence of 

endocrinological dysfunction
 (c) Tumour size less than 4 cm and absence 

of endocrinological dysfunction
 (d) Tumour size more than 5  cm and com-

plete surgical excision of the tumour
Answer: c

Risk stratification: Age more than 5 years, 
tumour size less than 4  cm, complete surgi-
cal removal and absence of severe endocrino-
logical dysfunction are the conditional criteria 
required for a favourable prognosis.

Another important grading to judge the 
severity of the lesion and surgical decision in 
children speaks of three grades: Type 0—no 
hypothalamic involvement, Type 1—distorts 
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or elevates the hypothalamus and Type 2—
hypothalamus is not visible

 8. In hemodynamically unstable paediatric 
patients with craniopharyngioma, steroid 
replacement is done with
 (a) Injection dexamethasone 1–5 mg/m2/day, 

in either two or three divided doses
 (b) Injection hydrocortisone 10–15  mg/m2/

day, in either two or three divided doses
 (c) Injection dexamethasone 10–15  mg/m2/

day, in either two or three divided doses
 (d) Injection hydrocortisone 1–5 mg/m2/day, 

in either two or three divided doses
Answer: b

Hypoadrenalism is the main cause for glu-
cocorticoid deficiency and its consequences; 
replacement is mandatory in emergency situ-
ations and adequate replacement is guided by 
clinical criteria.
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Management of Patient with 
Acromegaly

Lee C. Chang

Stem Case Terminology
A 49-year-old man presents for endonasal 
transphenoidal resection of a pituitary mass. 
His PMHx is significant for acromegaly, 
hypertension, uncontrolled diabetes mellitus, 
obstructive sleep apnea (OSA), and C3–5 
cervical spine stenosis. He is 72″ and 102 kg 
with a Grade 4 Mallampati score and an oth-
erwise reassuring airway and physical exam. 
The patient reports having a good exercise 
tolerance.

Question 1:
What is the etiology and pathophysiology of 
acromegaly? How is the disorder diagnosed?

Answer:
Acromegaly is characterized by excessive lev-
els of growth hormone (GH) most often due to a 
GH-secreting pituitary adenoma, with the major-
ity being classified as macroadenomas at the time 
of diagnosis. Approximately 5% of cases are a 
result of tumors found in the adrenals, lungs, and 
pancreas that secrete GH.  The total prevalence 
of the disorder is very low, with an estimated 
28–137 cases per million [1]. The disorder is 
diagnosed equally among both men and women, 

with the mean age of diagnosis being in the early 
to mid- 40s [2]. GH stimulates the secretion of 
insulin- like growth factor-1 (IGF-1) from the 
liver which is responsible for most clinical mani-
festations seen with acromegaly. Interestingly, 
the use of minoxidil has been associated with the 
condition pseudoacromegaly, which has the clini-
cal features of acromegaly but normal GH and 
IGF-1 levels.

Although acral enlargement and maxillofacial 
changes account for the most common presenting 
clinical features, acromegaly is often diagnosed 
following a different presenting complaint, such 
as amenorrhea, visual field defects, sleep apnea, 
or carpal tunnel syndrome. Approximately a 
third of patients have no complaints associated 
with acromegaly at the time of diagnosis [3, 4]. 
Often, the first diagnostic measure is the observa-
tion of growth charts that show a change from 
the normal height and weight curves. Diagnosis 
can be verified by measuring for appropriate nor-
mal age- and sex-based GH and IGF-1 levels, 
conducting a GH suppression test, and magnetic 
resonance imaging (MRI) studies.

Question 2:
What treatment options are available for 
acromegaly?

Answer:
The treatment options of acromegaly include 
surgery, pharmacotherapy, and radiotherapy all 
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with the goal of lowering GH and IGF-1 hyper-
secretion and improving morbidity. The initial 
management is typically transsphenoidal sur-
gery for resection of the hyperfunctioning ade-
noma with follow-up assessment of GH levels. 
Some surgeons will place a lumbar intrathecal 
catheter to allow for the removal of cerebrospi-
nal fluid (CSF) in order to have better visualiza-
tion of the tumor. Patients who continue to have 
elevated levels due to residual tumor or show 
recurrence visualized on MRI may need addi-
tional surgical procedures [5]. Major compli-
cations from the surgery can include mortality, 
visual impairment, and meningitis, occurring 
cumulatively less than 2%. Other complications 
are CSF leak, permanent anterior lobe defi-
cits, and diabetes insipidus [6]. The mainstay 
medical treatment for acromegaly is somatosta-
tin receptor ligands which can result in hor-
mone suppression while therapy is continued. 
Derived from the hypothalamus, somatostatin 
is an endogenous peptide that regulates neuro-
endocrine secretion [7]. Approximately 50% 
of patients treated with somatostatin receptor 
ligands will have a moderate decrease in the 
volume of the pituitary tumor, usually occur-
ring within 3 months of initiating therapy [5]. 
Ongoing drug expenses and drug intolerance 
due to side effects are the limitations of medi-
cal treatment. Additional methods of medical 
therapy includes dopamine receptor agonists 
and GH-receptor antagonists, which lowers 
IGF-1 levels by blocking the GH receptors. 
Based on the etiology and comorbidities, some 
acromegalic patients are selected to first begin 
medical treatment as the primary therapy or as a 
pretreatment prior to surgery. Pretreatment may 
reduce both surgical complications and hospi-
talization stay [8]. Conventional radiotherapy 
is considered for patients who continue to have 
elevated GH and IGF-1 levels despite surgery 
and/or medical therapy. Survival for patients 
with acromegaly is reduced by an average of 10 
years compared to patients without acromegaly, 
irrespective of management [9].

9.1 Preoperative

Question 3:
What preoperative assessment should be done for 
patients with pituitary adenomas prior to surgery?

Answer:
Patients with pituitary tumors may have different 
endocrine disorders and require an extensive pre-
operative assessment. Collaboration and discus-
sion between the anesthesiologist, neurosurgeon, 
and endocrinologist is often required prior to the 
procedure. Prolactinomas are the most common 
of functioning tumors and account for 30% of all 
pituitary tumors. While the symptoms of hyperp-
rolactinemia in men are relatively nonspecific, for 
women symptoms include galactorrhea, infertil-
ity, amenorrhea, and loss of libido [10]. In addi-
tion to acromegaly from GH-secreting tumors, 
Cushing’s disease may result from adrenocortico-
tropic hormone (ACTH)-secreting tumors as well 
as thyrotropic disease from thyroid- stimulating 
hormone (TSH) secretion [11]. The mass effect 
of the pituitary tumor may also result in chronic 
headaches as well as vision loss from compres-
sion of the optic chiasm. Approximately 55% of 
acromegalic patients report having headaches 
and 18% will have visual field defects. Although 
rare, the possibility of increased intracranial pres-
sure (ICP) increases as the adenoma increases in 
size, and these patients may present with nausea/
vomiting, papilledema, and worsening headache. 
The increased ICP may also result from the tumor 
causing obstruction of the third ventricle [12].

Patients should have a complete blood count to 
rule out the possibility of anemia, which may be 
present in men who may have low testosterone [13]. 
In addition, a metabolic panel should be completed 
to assess the possibility of hyponatremia, hyper-
calcemia, and hyperglycemia which may be pres-
ent. Diabetes insipidus may result in hyponatremia 
with patients who have posterior pituitary dysfunc-
tion [12]. Several hormonal serum tests should be 
conducted to determine if the pituitary adenoma is 
considered functioning or non-functioning.
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Question 4:
What metabolic issues should be anticipated for 
patients with acromegaly?

Answer:
Both adrenal insufficiency and central hypothy-
roidism may result in patients with the disorder 
due to compression of the pituitary gland [14]. 
Acromegalic patients are glucose intolerant due 
to the elevated GH levels causing resistance to 
the effects of insulin. Diabetes mellitus is present 
in up to 27.5% of the patients at the time of diag-
nosis for acromegaly [15]. Higher intraoperative 
glucose levels have been found to be significantly 
higher compared to patients without acromegaly 
[16]. This is especially important in the patients 
undergoing certain neurological procedures as 
hyperglycemia is a risk factor for worsening cere-
bral ischemia [17]. There have been some studies 
that there is an increased mortality associated 
with acromegaly with the presence of diabetes. 
Following treatment of acromegaly, improve-
ments of the metabolic profile is noted [18].

Question 5:
What cardiovascular involvement should be eval-
uated for acromegalic patients?

Answer:
Cardiovascular disease accounts for nearly 60% 
of the deaths with this disease. Chronic GH 
hypersecretion acts as a vascular growth fac-
tor that can stimulate collagen deposits as well 
as lead to an expansion of plasma volume [19]. 
Preexisting hypertension is a common finding, 
with a prevalence reaching up to 50%, associ-
ated with increased left ventricular mass or left 
ventricular wall thickness and likely due to an 
increase in sodium retention and plasma volume. 
Cardiac tissue is often involved with acrome-
galics which may result in the development of 
congestive cardiac failure, with the most common 
finding being biventricular cardiac hypertrophy 
[20]. Based on autopsy data, there is a dispropor-
tionate amount of cardiomegaly in comparison to 
other organ hypertrophy and a higher incidence 
of small vessel disease [21]. Electrocardiography 
changes, such as bundle branch blocks, atrial 

fibrillation, and supraventricular tachycardia 
have also been noted in acromegalic patients, and 
there is an increased incidence of both ventricular 
and supraventricular ectopy with physical exer-
tion and stress [22]. Interestingly, the level of GH 
concentration and the degree of cardiac enlarge-
ment do not seem to be related [23]. However, 
the duration of the disorder and the age of the 
patient do correlate with the degree of the cardiac 
hypertrophy [24].

Current recommendations include an annual 
echocardiography, electrocardiography, and echo 
Doppler of peripheral arterial and venous system 
for patients with acromegaly [25]. Despite the 
preexisting cardiovascular involvement, a retro-
spective study found no significant evidence of 
any differences in regard to major hemodynamic 
effects when comparing patients with acromegaly 
to a control group. There was also no significant 
difference in the use of vasoactive drugs between 
the two groups intraoperatively [26].

Question 6:
What risk factors are there for developing left 
ventricular hypertrophy?

Answer:
Age, hypertension, disease activity, and duration 
are suggested risk factors for patients with acro-
megaly to develop left ventricular hypertrophy. 
Studies have found that age is an independent 
predictor for hypertrophy, and those older than 
50 years of age to have a significantly higher 
likelihood [27, 28]. Patients with left ventricular 
hypertrophy are more prone to having cardiac 
valve abnormalities as well which should be 
ruled out [29].

9.2 Intraoperative

Question 7:
What monitors are indicated for this patient? Are 
there any concerns about placing an arterial line?

Answer:
When deciding if an arterial line should be 
placed, it should be noted that patients with acro-
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megaly may already have some compression and 
impaired circulation of the ulnar artery due to a 
higher incidence of carpal ligament hypertrophy. 
Approximately up to 50% of acromegalic patients 
may have ulnar artery circulation that is impaired 
in either one or both hands. If necessary, an arte-
rial line may need to be placed in an alternative 
location, such as the dorsalis pedis artery [30]. 
Technically, the placement of arterial lines and 
peripheral IVs may also be more challenging due 
to thickening of the skin that is often seen with 
the disorder. Excessive sweating and oily skin 
may also result in additional measures needed to 
secure monitors attached and lines placed [31]. 
The need for placement of a central venous cath-
eter is dependent on the patient’s preexisting car-
diovascular disease.

Question 8:
What concerns do you have with the patient’s air-
way? Is a reliable airway exam a good indication 
of an easy airway? What is your plan on securing 
an airway?

Answer:
The potential airway sequelae of acromegaly 
include mandibular prognathism, overgrowth 
of the lips, nose, tongue, pharyngeal tissue, 
and epiglottis. Maxillary and mandibular wid-
ening associated with jaw malocclusion may 
also contribute to the difficulty of securing an 
airway. The incidence of difficult intubation for 
acromegalic patients is 10% with a high inci-
dence (26%) of grade III view with the initial 
laryngoscopy. Assessment of the airway can 
prove deceptively reassuring as up to 20% of 
Mallampati 1–2 scores have been noted to be 
“difficult intubations” (more than two attempts, 
blade change, or use of a bougie). Neck exten-
sion and thyromental distance has not been 
found to be related to difficult laryngoscopy 
[32]. A recent study found increased IGF-1 
levels to be an independent risk factor for pre-
dicting difficult intubation in patients with 
acromegaly [33]. For patients with difficulties 
in either ventilation or intubation, an awake 
intubation with sedation and topical anesthe-
sia is the safest way to proceed. However, even 

a fiber-optic approach may prove difficult, or 
for acromegalic patients due to problems with 
advancing, either the fiber-optic or the endotra-
cheal tube as a result of the distorted anatomy 
and alternative methods, such as video laryn-
goscopy, should be available [34]. Given the 
altered airway anatomy and large tongue often 
seen with this disorder, the use of an intubating 
laryngeal mask airway may be difficult.

Question 9:
Do you have any concerns when positioning the 
patient?

Answer:
Approximately 75% of patients with acromegaly 
will have some form of arthropathy which can 
range from osteoarthritis to fractures and often 
develops early in the course of the disorder [35]. 
In addition, soft tissue swelling and bony over-
growth may result in higher risk of nerve damage 
if improper positioning and padding is present. 
The enlargement of the hands and feet must be 
considered when they are secured so that reposi-
tioning of the operating room table will not result 
in injury. Acromegalic patients may also be more 
prone to vertebral fractures [36]. Given these risk 
factors associated with acromegaly, it is critical 
that the patients are positioned properly on the 
operating table.

Question 10:
Would you administer long-acting opioids and 
benzodiazepines to patients with acromegaly 
intraoperatively?

Answer:
Sleep apnea syndrome is a common disorder 
found with acromegalic patients and can be 
divided into obstructive, central, or mixed. OSA 
due to polypoid masses in the pharynx is the 
prevalent form and can be observed in up to 70% 
of patients with acromegaly, more often in men. 
The cause of central OSA may be a result of the 
increased GH levels, resulting in an increase in 
the ventilatory response to carbon dioxide, result-
ing in respiratory arrest [37]. In addition, laryn-
geal stenosis and cricoid narrowing are often 
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present [38]. Short-acting opiates and the avoid-
ance of benzodiazepines should be considered in 
patients with a known diagnosis of OSA or with 
a high  suspicion of the disease. All patients with 
acromegaly should be asked about risk factors for 
OSA, such as snoring, excessive daytime somno-
lence, or observed periods of apnea while sleep-
ing, and polysomnography should be included 
in the work-up of patients diagnosed with acro-
megaly. It is believed that up to 90% of patients 
with acromegaly who snore will have sleep apnea 
[39]. Although there is some improvement of 
sleep apnea with patients who have been treated 
for acromegaly, it still persists following therapy 
[40].

9.3 Postoperative

Question 11
Following transsphenoidal surgery, would you 
recommend the use of continuous positive airway 
pressure (CPAP) for the patient with the history 
of OSA?

Answer:
OSA may worsen following transsphenoidal 
surgery due to the placement of nasal pack-
ing and increased edema of the nose and oral 
airway. However, the use of CPAP after trans-
sphenoidal surgery carries the risk of potentially 
developing pneumocephalus and meningitis and 
has generally been thought to be contraindi-
cated [41]. There is currently no consensus on 
appropriate management for patients with OSA 
following transsphenoidal surgery [42]. For 
patients with OSA who do have postoperative 
hypoxemia, conservative treatment with an oxy-
gen face mask with the use of an oral airway 
should first be considered.

Question 12:
What postoperative concerns do you have follow-
ing pituitary surgery?

Answer:
Headache is the most common complaint 
patients have following transsphenoidal sur-

gery and should be treated appropriately, again 
with the avoidance of opioids if possible in 
patients with OSA.  Nausea and vomiting are 
complications often seen in patients undergo-
ing neurosurgical procedures, and pharmaco-
logic prophylaxis should be administered to 
diminish any effect it may have on ICP. Cranial 
nerve dysfunction should be followed imme-
diately in the postoperative period, and any 
changes need to be followed up with additional 
diagnostic tests. CSF leakage is another con-
cern for patients who demonstrate continuous 
fluid leakage associated with headaches [43]. 
Diabetes insipidus and syndrome of inappro-
priate antidiuretic hormone secretion are also 
common complications following surgery and 
should be considered if patients exhibit abnor-
mal sodium levels [44].

Multiple Choice Questions:
 1. What is the mainstay medical therapy for 

patients with acromegaly?
 (a) Dopamine agonists
 (b) Somatostatin analogues
 (c) IGF-1 antagonists
 (d) GH antagonists
Answer: b

 2. What is the most common form of ventricular 
hypertrophy?
 (a) Biventricular hypertrophy
 (b) Left ventricular hypertrophy
 (c) Right ventricular hypertrophy
Answer: a

 3. Which of the following is not a risk factor for 
developing left ventricular hypertrophy?
 (a) Hypertension
 (b) Age
 (c) Disease duration
 (d) Gender
Answer: d

 4. What percentage of patients with acromegaly 
have some form of arthropathy that should be 
taken into consideration when positioning?
 (a) 5%
 (b) 25%
 (c) 50%
 (d) 75%
Answer: d

9 Management of Patient with Acromegaly
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 5. Which of the following is more common for 
acromegalic patients that increases the risk of 
placing an arterial line in the radial artery?
 (a) Radial artery thrombosis
 (b) Brachial artery occlusion
 (c) Ulnar artery occlusion
 (d) Radial artery pseudoaneurysm
Answer: c
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Anesthetic Management of 
Patients with Craniovertebral 
Junction Anomalies

Archana Mane and Yarnell Lafortune

Stem Case Terminology
A 2-year-old female presents for surgical 
correction of a cleft palate. A diagnosis of 
Kippel-Feil syndrome (KFS) is made in this 
child. Associated pathology, need for a thor-
ough preoperative assessment, strategy for 
intraoperative management of the airway and 
potential issues in the post-operative period 
are discussed.

Cervical X-ray revealed fusion of C2- C3 
vertebrae.

This patient presented an anesthetic chal-
lenge for the anesthesiologist.

Question 1:
What is the differential diagnosis?

Answer:
A triad of short neck, low hairline, and limited 
range of neck movement places KFS as a likely 
diagnosis. Other diagnoses to consider include 
Noonan and Turner syndromes, ankylosing spon-
dylitis, and juvenile idiopathic arthritis.
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Photo 10.1 Short neck in a child with Noonan syndrome. Elements of Morphology, National Human Genome Research 
Institute. Use of illustrations from Genetics Home Reference. Your Guide to Understanding Genetics Conditions

 

Photo 10.2 Webbed neck in a child with Turner syndrome. Elements of Morphology, National Human Genome 
Research Institute. Use of illustrations from Genetics Home Reference. Your Guide to Understanding Genetics Conditions

Question 2:
What is KFS?

Answer:
KFS was first reported in 1912 by Maurice 
Klippel and Andre Feil. It is a rare disorder char-
acterized by the congenital fusion of the first two 

or more cervical vertebrae. The fused vertebrae 
can cause nerve damage and pain in the head, 
neck, or back.

Question 3:
What are the features of patients with KFS?
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Answer:
In KFS, classically there is a triad of a short 
neck, a low posterior hairline, and limited range 
of neck movements especially of lateral bending. 
However, it has been found that fewer than 50% 
of cases have all three elements [1].

In a study performed on 31 patients by 
Samartzis et al. in 2016, no evidence of any of 
the clinical triad findings was shown in 35.5% 
of patients, whereas 38.7, 16.2, and 9.7% were 
determined to have one, two, or all three crite-
ria, respectively. Limited cervical ROM was the 
most common finding (64.5% of patients) [2]. 
Therefore, clinicians should not look solely for 
the triad for the diagnosis of KFS.  However, a 
high suspicion for KFS is warranted when find-
ings such as congenital scoliosis are present.

A wide variety of additional anomalies affect-
ing different organ systems are associated with 
KFS. They include but are not limited to: skel-
etal system abnormalities such as scoliosis and/
or kyphosis (50–60%), Sprengel deformity (con-
genital elevated scapula) (30%), cervical steno-
sis and torticollis, urinary system abnormalities 
(35%), loss of hearing (30%), facial asymmetry 
and flattening of neck (20%), synkinesis or mir-
ror movements (20%), and congenital heart dis-
ease (4.2–14%) [3, 4].

Brain stem anomalies, congenital adrenal aplasia, 
ptosis, lateral rectus muscle paralysis, facial nerve 
paralysis, syndactilia, and diffuse or focal hypopla-
sia in the upper extremities may also be seen [5].

Palatal deformities such as clefts are known to 
be associated with cervical anomalies [6].

 

Photo 10.3 A child with a severe cervical fusion in 
KFS. syndromespedia.compicture

 

Photo 10.4 Clinical image showing cervical scoliosis to 
the right, low posterior hair line, and shortened neck. 
Alapati A, Susheel, Zachariah K, Ravikanth R. Diagnosis 
and management of Klippel-Feil syndrome. Apollo Med 
[serial online]. 2018 [cited 2019 Jan 26];15:38–40. http://
www.apollomedecine.org/text.asp?2018/15/1/38/229052

Question 4:
What is the incidence and etiology of this disease?

Answer:
KFS occurs in one of every 42,000 births. There 
is a predominance in females (60%) [1, 6–8].

The etiology is not well understood. There is 
a genetic component to this disease. There are 
three main genes that have been linked to KFS: 
GDF6, GDF3, and MEOX1. The mutation of 
these genes affects bone development. GDF6 
(growth differentiation factor) is located on chro-
mosome 8 and is critical to the healthy formation 
of cartilage and joints. GDF3 plays an important 
role in bone formation. During the embryonic 
stage of human development, MEOX1 plays an 
integral part in the process of separating the ver-
tebrae. Mutations in the GDF6 and GDF3 genes 
follow an autosomal dominant pattern. As such, 
a single copy of the mutated gene is sufficient to 
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cause the disorder. Conversely, the MEOX1 gene 
follows an autosomal recessive pattern, requiring 
two copies of the gene to carry the mutation [9].

Patients with KFS may be polysyndromic. 
In this situation, KFS results from mutations 
involved in the genes of the primary syndrome 
such as Goldenhar syndrome, Wildervanck syn-
drome, or hemifacial microsomia among others. 
The prevalence of Goldenhar-associated condi-
tions in patients with congenital spine deformi-
ties is 2% [10].

Maternal factors during pregnancy such as 
diabetes, alcohol, and tobacco use have been 
implicated in the etiology of KFS [11].

Question 5:
How is KFS classified?

Answer:
Classification of KFS has changed over time. 
The original classification of the disease was by 
Klippel and Andre Feil.

Samartzis et al. classified the disease based on 
the significance of X-ray findings and the impact 
on clinical symptoms.

• Type I—Single-level fusion
• Type II—Multiple, noncontiguous fusion
• Type III—Multiple, contiguous fused segments

Those with a type I deformity had more axial 
symptoms while those with type II and type III 
deformities were the patients who developed 
myelopathy and radiculopathy [12].

10.1  Preoperative

Question 6:
What are the preoperative tests that should be 
performed on patients with KFS?

Answer:
Preoperative assessment in patients with cra-
niovertebral anomalies should be directed at 
evaluating degree of cervical instability present, 

preexisting neurologic impairment, and evalua-
tion of airway.

X-ray: Anteroposterior (AP), lateral, and odon-
toid views of the cervical spine. Images will 
show the fusion of vertebral bodies and facets, 
and other anomalies such as spina bifida or 
hemivertebrae. In addition, flexion/extension 
views are warranted if instability of the cranio-
cervical junction is suspected or if two fused 
segments are separated by an open segment 
(making the lesion unstable). Plain films of the 
total spine should also be obtained to detect any 
other spinal anomalies.

 

Photo 10.5 Plain radiograph demonstrating the fusion 
of cervical vertebrae with cervico-dorsal scoliosis. 
Alapati A, Susheel, Zachariah K, Ravikanth R. Diagnosis 
and management of Klippel-Feil syndrome. Apollo Med 
[serial online]. 2018 [cited 2019 Jan 26];15:38–40. http://
www.apollomedecine.org/text.asp?2018/15/1/38/229052

Computed tomography (CT) scan: A 3-D 
image better defines areas of fusion and aids the 
surgical plan.
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Photo 10.6 Sagittal CT 
image of the cervical 
spine showing fusion of 
C2 and C3 vertebrae. 
Alapati A, Susheel, 
Zachariah K, Ravikanth 
R. Diagnosis and 
management of Klippel-
Feil syndrome. Apollo 
Med [serial online]. 2018 
[cited 2019 Jan 
26];15:38–40. http://
www.apollomedecine.
org/text.
asp?2018/15/1/38/229052

Magnetic resonance imaging: MRI is indicated 
for patients with neurologic deficits. MRI will pro-
vide better insight regarding the spinal cord, disc 
space, nerve rootlets, ligaments and soft tissue, and 
can illustrate other spinal cord abnormalities such 
as Chiari malformations and syringomyelia [13].

EOS: EOS imaging is an X-ray imaging system 
that takes a full body picture in an upright posture 
showing the child’s natural, weight-bearing pos-
ture and allowing the clinician to see the interac-
tion between the joints and the rest of the 
musculoskeletal system, particularly the spine, 
hips, and legs. It has the additional advantage 
being a fast study using low dose radiation as 
compared to a CT scan [14].

Cardiac evaluation: Physical exam is to detect 
murmurs and echocardiography is to diagnose 
cardiac function and associated cardiac defects, 
VSD being the commonest [15].

Audiology testing: Studies have reported the 
incidence of deafness in patients with KPS to 
be high. In a study done by McGaughran et al., 
35 out of 44 patients with KFS showed abnor-
malities on audiological testing [16]. Deafness 
may be conductive, sensorineural, or a mixed 
type.

Audiology testing is therefore necessary in 
patients who present with the clinical triad of 
KFS or exhibit any features or suspicions of hav-
ing the disease.

Renal ultrasound: Renal ultrasound is used as 
a screening tool to evaluate the presence of geni-
tourinary anomalies, which may include renal or 
ureteral agenesis among others [17].

Ultrasound: This study may be done during 
pregnancy to detect anomalies suspicious of KFS 
in the developing fetus [18].
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10.2  Intraoperative

Question 7:
How would you proceed in your preparation to 
successfully intubate this child?

Answer:
Golden rules for the anticipated difficult intu-
bation include:
 1. All airway equipment should be available in 

the operating room.
 2. Presence of additional anesthesia staff for 

assistance.
 3. Clear communication with the parent/child 

and surgeon about the initial and alternate 
plan for airway management, including a 
tracheostomy.

The ability to induce smoothly is important 
in order to prevent sudden neck movements; a 
small sedative pre-medication such as oral mid-
azolam in a dose of 0.3–0.5 mg/kg may be used. 
Having a dry visual field with the use of anti-
muscarinics would prove to be helpful in a diffi-
cult airway scenario. The principle of managing 
the difficult airway in this age group is to main-
tain spontaneous ventilation until the airway is 
secure. The use of an inhalational technique with 
sevoflurane in 100% oxygen is favored in pedi-
atric practice. Laryngoscopy is performed when 
an adequate depth of anesthesia is achieved. The 
child may then be intubated with a glidescope, 
fiberoptic bronchoscope (FOB), or a combina-
tion of both [19].

The nasal route may be necessary if access to 
the airway through the mouth is impossible [20].

An awake intubation with a FOB should be 
considered when the anesthesia provider is con-
cerned of losing the airway during an inhalational 
induction (obstruction, inability to ventilate by 
mask) [21, 22].

Dexmedetomidine has become an increas-
ingly popular and useful drug to provide sedation 
and maintain spontaneous ventilation. Its use in 
pediatrics has increased over the last decade for 
sedation cases, intubations, and as an adjunct for 

intraoperative anesthesia. For anesthetic induc-
tion, 1  μg/kg dexmedetomidine may be loaded 
intravenously, followed by an infusion rate of 
0.7 μg/kg/h with incremental inhalation of sevo-
flurane maintaining spontaneous ventilation [23].

Alternately, high doses of dexmedetomidine 
have been used. Green et  al. described using 
a bolus dose of 2 μg/kg IV (administered over 
10  min) followed by an infusion of 2  μg/kg/h. 
Prior to direct laryngoscopy, ketamine 1  mg/
kg IV was administered and good relaxation of 
the mouth was noted. This alternative technique 
of adding ketamine avoids apnea and airway 
obstruction which can be seen if dexmedetomi-
dine is not enough to adequately anesthetize the 
child when the airway is accessed and agents 
such as propofol and inhalational agents may be 
needed [24].

Once an adequate depth of anesthesia is 
achieved under dexmedetomidine, a glidescope 
or a flexible FOB could be used to instrument the 
airway.

The intubating laryngeal mask airway has 
been effectively used as an aid for fiberoptic intu-
bation [25]. Its rigid curved structure is designed 
to facilitate tracheal intubation. The LMA can be 
used in an awake child after administering local 
anesthesia to the mouth and pharynx or in the 
anesthetized child with known or suspected dif-
ficult airway.

It would be advisable to ensure the ability to 
mask ventilate the child prior to giving paralytic 
agents [26].
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Additional difficulty in airway access may be 
complicated by presence of mandibular and facial 
deformities, torticollis, and presence of anatomi-
cal abnormalities such as cleft palates, and con-
genital scoliosis of the neck and other portions of 
the spine (most common 60%) [27, 28].

Question 8:
Describe other intraoperative considerations in 
the anesthetic management of patients with cra-
niovertebral anomalies.

Answer:
• Patient positioning.
• Neurological monitoring.
• Blood loss.
• Respiratory involvement such as presence of 

associated weakness and dysfunction of respi-
ratory muscles, including the diaphragm, mak-
ing extubation in the OR difficult, compression 
of medulla due to bony anomalies resulting in 
poor gag and cough reflex resulting in frequent 
aspiration and pulmonary infection [29].

Patient positioning: Surgical approaches to 
correct craniovertebral anomalies may be done 
with the patient in a prone or sitting position. 
Positioning of the patient can therefore be 
dangerous and must be done very carefully 
[29, 30].

When surgery is performed in the sitting 
position, the patient’s head is secured in a 
three pin head holder. Legs are placed in thigh 
high compression stockings to limit pooling 
of blood. Elbows need to be supported by pil-
lows or pads, and the legs freed of pressure at 
the level of common peroneal nerve just dis-
tal and lateral to the head of fibula. Meticulous 
care should be taken to avoid sudden neck 
movements.

Perioperative visual loss has been reported up 
to an incidence of 0.2%. Multiple factors have 
been proposed as risk factors for perioperative 
ION, including long duration in the prone posi-

tion, excessive blood loss, hypotension, anemia, 
hypoxia, excessive fluid replacement, use of 
vasoconstricting agents, elevated venous pres-
sure, and head positioning [31].

Excessive pressure on the abdomen could 
impede ventilation, compress the vena cava, 
and increase epidural venous pressure and 
bleeding. There may be congestion of the 
face and tongue, and pressure sores on malar 
prominences owing to the horseshoe headrest. 
Extreme flexion of the neck may cause endo-
bronchial intubation because of a short tra-
chea and intraoral kinking of the endotracheal 
tube (ETT); here armored ETTs are preferred. 
Excessive flexion or extension of head may 
cause brainstem compression in patients with 
Arnold–Chiari malformation [32].

Neurological monitoring: Spinal surgery at 
any level is associated with a higher risk of spinal 
cord injury.

“Real time” intraoperative neural monitoring 
(IONM) utilizing somatosensory evoked poten-
tials along with MEP and EMG should be rou-
tine as discussed in an extensive review done by 
Epstein in 2013. SSEP monitoring as the sole 
method is inadequate.

Quadriparesis/quadriplegia following a single 
level anterior cervical diskectomy and fusion 
(ACDF) is the most common cause for mal-
practice suits. Typical allegations in these suits 
included negligent surgery, lack of informed 
consent, failure to diagnose/treat, and failure to 
brace. Added to this list, perhaps, the fifth com-
mon reason for a lawsuit is failure to monitor 
with MEP [33].

In CVJ surgery, the risk of neurological inju-
ries is related both to positioning of the patient 
and then to the surgical procedure. A 2019 study 
by Sala et  al. found a 100% sensitivity with 
MEPs for detecting injuries to the cervical spine 
related to neck positioning [34]. These authors 
also recommend the use of multimodal IONM 
for detecting intraoperative and neurologic  
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injuries from positioning. Continuous IONM 
also permits real- time assessment of the func-
tional integrity of the spinal tracts, which 
provides useful feedback during surgical 
maneuvers.

The monitoring team must be well trained, be 
able to provide the surgeon feedback in real time, 
and coordinate activities with those of the surgi-
cal and anesthesia teams [35, 36].

Blood loss: Blood loss in spine surgery has a 
significant impact on patient morbidity, length 
of surgery, and total cost. In addition to main-
taining patients’ hemodynamics, the control of 
blood loss is essential in attaining adequate 
visualization of the surgical field. Vigilance is 
essential to determine adequate fluid resuscita-
tion in order to maintain cerebral perfusion and 
management of blood loss with adequate blood 
transfusions in spite of the drawbacks of trans-
fusion (i.e., immunotolerance and immunosup-
pression, which in turn predispose to nosocomial 
and postoperative infections) [37].

The incidence of pulmonary complications 
was significantly more in adults patients who 
received blood transfusion during the intra-
operative period 15.7%. Blood transfusion is 
considered to be an independent risk factor 
for the development of postoperative pulmo-
nary complications (PPCs) [38]. Incidence of 
TRALI in the pediatric population is not well 
defined and information is obtained only from 
reports that have been published. The over-
all incidence of TRALI in this latter group of 
patients is estimated at 1.8 per 100,000 trans-
fusions [39].

10.3 Postoperative

Emergence and extubation: Planning for tra-
cheal extubation is a critical component of a suc-
cessful airway management strategy. Pharyngeal 

edema, vocal cord paralysis, and hematoma for-
mation are known causes of airway obstruction 
after cervical spine surgery frequently associated 
with difficult airway management. Use of intra-
operative steroids, full reversal of the muscle 
relaxant, and placement of a nasopharyngeal air-
way to reduce upper airway obstruction after 
extubation should be considered if possible. 
Extubation should be performed in an area where 
the patient can be reintubated if necessary and 
where all essential fiberoptic equipment and spe-
cialized personnel are available. In the high-risk 
patient, ENT support for emergency tracheos-
tomy may be needed. A carefully positioned tube 
changer introduced through the ETT can be used 
to allow reintubation. This may serve as a bridge 
device when successful extubation is uncertain; 
however, its use may promote obstruction and 
airway irritation in an already severely narrowed 
airway. The anesthesiologist however must be 
vigilant for the presence of respiratory weakness 
and weakened cough reflex when determining the 
possibility of extubation [40].

Postponing extubation for a few hours, or 
in some cases for a few days, may be the most 
appropriate course of action [41].

Patients are best extubated when they are 
fully awake, reversed and breathing adequately 
and moving deliberately, early after surgery. 
The efficacy and safety of 3 mg/kg of sugam-
madex was reported in a study of 26 infants 
who had a deep neuromuscular block (TOF, 0) 
at the end of surgery received 3 mg/kg sugam-
madex. The mean recovery time of the T4/T1 
ratio of 0.9 was 112  s. No clinical evidence 
of recurarization or residual curarization was 
observed [42].

Compared with placebo or neostigmine, 
sugammadex can reverse rocuronium-induced 
neuromuscular blockade more rapidly with lower 
incidence of bradycardia. No significant dif-
ferences were found in the incidences of other 
adverse events [43].
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Step 1
Plan extubation

DAS Extubation Guidelines: Basic algorithm

Plan
Assess airway and general risk fectors

Prepare
Optimise patient and other factors

Recovery or HDU / ICU

Risk Stratify

Low risk ‘At risk’
Fasted

Uncomplicated airway
No general risk factors

Difficult Airway Society Execution Algorithm 2011

Low risk algorithm ‘At risk’ algorithm

Optimise patient factors  : Optimise other factors
Cardiovascular                    : Location
Respiratory                         : Sidled help / assistance
Metabolic / temperature      : Monitoring
Neuromuscular                    : Equipment

Airway risk factors                : General risk factors
Know difficult airway                : Cardiovascular
Airway deterforation (trauma,  : Respiratory
oedema or bleeding)               : Neurological
Restricted airway access         : Metabolic
Obesity / OSA                          : Special surgical requirements
Aspiration risk                          : Special medical conditions

Safe transfer                              :  Analyesis
Handover / communication        :  Staffing
O2 and airway management      :  Equipment
Observation and monitoring       :  Documention

General medical and surgical management

Ability to oxygenace uncertain
Reintubation potentially difficult

and/or general risk factors present

Step 2
Prepare for

extubation

Step 3
Perform

extubation

Step 4
Postextubation

care

 

Since the introduction of the Difficult Airway 
Society difficult intubation guidelines, the con-
cept of a stepwise approach has been widely 
accepted. This approach has been used to aid 
decision-making and safe management of extu-
bation [44].

A reliable method of assessing readiness for 
weaning and predicting extubation success is 
not evident from the pediatric literature. Several 
indices have been developed in an attempt to 
predict weaning and extubation success but the 
available literature would suggest they offer no 
improvement over clinical judgment. Upper air-
way obstruction is the single most common cause 
of extubation failure [45]. Laham et  al. report 
that physician judgment to determine extubation 
readiness led to a first planned extubation success 
rate of 91% [46].

Patients who do not meet the criteria for extu-
bation in the operating room are ventilated in the 
intensive care unit (ICU). Rates of reintubation in 
the operating room and post-anesthesia care unit 
have been shown to be between 0.1 and 0.45%. 
Conditions such as obesity, obstructive sleep 
apnea, major head/neck and upper airway surgery, 
and obstetric and cervical spine procedures con-
tribute significantly to extubation failure and are 
frequently associated with difficult airway manage-
ment. Airway patency, edema, soft tissue collapse, 
and laryngospasm are among the most frequent 
mechanisms of upper airway obstruction. Therefore 
adequate planning requires identification of patients 
who have or may develop a difficult airway, recog-
nition of patients at increased risk of post- extubation 
airway compromise, and understanding the causes 
and underlying mechanisms of extubation failure.
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Adult dosage range of 0.2 to 0.7  μg/kg/h 
may also be used in children. Dexmedetomidine 
may be initiated with a loading dose of 1 μg/kg 
given over 10  min, but some pediatric centers 
reduce or omit the loading dose in an effort to 
avoid bradycardia and hypotension. The infu-
sion should be titrated to patient response, with 
a suggested maximum dose of 2 μg/kg/h dexme-
detomidine. The use of the drug has been shown 
to reduce duration of mechanical ventilation and 
lowering the risk of delirium in ICU ventilated 
adult patients as compared to midazolam when 
utilized to sedate patients [47].

Patients for whom reintubation is likely to 
be difficult may benefit from continuous air-
way access. Sizes of the CAEC are based on 
the size of the existing ETT. Sizes 8 (internal 
diameter [ID] 1.6 mm), 11 (2.3 mm ID), and 14 
(3.0 mm ID) CAECs were used for ETT sizes 
3.5–4.5, 5.0–6.0, and 6.5–7.0 mm ID, respec-
tively. Sizes may not be readily available. 
Most of the morbidity attributed to their use is 
associated with oxygenation and inappropriate 
positioning [48].

Treatment modalities for patients with KFS 
and other cranial-cervical abnormali-
ties: Treatment of patients with KFS calls for a 
multidisciplinary approach which is typically 
conservative and patient driven. Soft collars and 
braces are used to stabilize the cervical region. In 
addition, physical therapy, use of orthotics, and 
prosthetics play an important role in patient care 
whether they undergo surgery or not [49, 50].

In the presence of cord compromise or new- 
onset neurologic changes surgery and immobi-
lization is warranted. Neurosurgery with spinal 

decompression and untethering of the spinal 
cord, and lysis of adhesions with electrophysi-
ologic monitoring. Postoperatively, patients 
wear a halo vest for approximately 3 months, 
followed by a soft cervical collar for 3 months.

Arnold–Chiari malformation and myelome-
ningocele repair. Orthopedic surgery may be 
consulted for scoliosis repair and spinal steno-
sis decompression. Cosmetic scapuloplasty for 
Sprengel deformity.

Oral and maxillofacial surgery for cleft palate 
and associated craniofacial deformities [51].

In patients where alignment cannot be fully 
restored by traction or when improving the 
alignment alone does not fully decompress 
the neural elements, osseous decompression at 
the site of the cervical lesion and untethering 
of intradural adhesions as well as adhesions 
between the thecal sac and extraspinal struc-
tures are performed. Finally, if instability is 
suspected, internal fixation and arthrodesis is 
required [52]. The early operative procedures 
were posterior decompression of the cervico-
medullary junction for correction of cranio-
cervical stenosis with and without fusion for 
silization.

In recent years, anterior, transpalatine- 
transoral and extrapharyngeal approaches 
are used by surgeons depending on the exact 
location of the lesion. The operation or com-
bination of operations must be selected on 
an individual basis to correct the patho-
logic process responsible for the neurologic  
deficit [53].

Alapati A, Susheel, Zachariah K, Ravikanth 
R.  Diagnosis and management of Klippel–Feil 
syndrome. Apollo Med. 2018;15:38–40.
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Treatment of craniocervical
abnormalities

Reducible

Immobilization

Stable Unstable

Fusion

Irreducible

Compression

Ventral

Transoral or
extrapharyngeal

resection

Dorsa
decompression

Stable Unstable Unstable Stable

Fusion

Dorsal

 

Additional surgeries for Arnold–Chiari mal-
formation and myelomeningocele repair may 
be needed as well as orthopedic surgery may be 
consulted for scoliosis repair and spinal steno-
sis decompression. Cleft palate repair is another 
common surgery in children with KFS.

Multiple Choice Questions
 1. A 12-year-old female presents with headache 

and neck pain that has been increasing in 
severity over the past month. There have not 
been any associated symptoms of nausea, 

vomiting, or visual changes. MRI of the 
brain revealed downward displacement of 
cerebellar tonsils. What is the most likely 
diagnosis?
 (a) Migraine headaches
 (b) Chiari malformation
 (c) Meningioma
 (d) Meningitis
Answer: b

It results from anatomical abnormalities 
of the posterior fossa leading to caudal dis-
placement of the cerebellar vermis through 

10 Anesthetic Management of Patients with Craniovertebral Junction Anomalies



122

the foramen magnum. (Smiths) Classification 
is based on morphology of the malformation 
as evidenced radiographically or on autopsy 
(see Table).

Chiari malformations
Chiari Type I
Tonsillar herniation >5 mm below the plane of the 
foramen magnum
No associated brainstem herniation or supratentorial 
anomalies
Low frequency of hydrocephalus
Most common and less severe
1:1000 births
Most common presentation is suboccipital headaches 
and/or neck pain
Chiari Type II
Caudal herniation of the vermis, brainstem, and fourth 
ventricle
Associated with myelomeningocele and multiple brain 
anomalies
High frequency of hydrocephalus and 
syringohydromyelia
Chiari Type III
Occipital encephalocele containing dysmorphic 
cerebellar and brainstem tissue
Chiari Type IV
Hypoplasia or aplasia of the cerebellum

Adapted from Smith’s anesthesia for children and infants, 
8th ed. Chapter 22

There are two main mechanisms that result 
in the presentation of neurological signs and 
symptoms. One mechanism is that the down-
ward displacement of the cerebellar tonsils 
can compress against the foramen magnum 
and spinal canal. Secondly, via the develop-
ment of a syrinx from obstruction of cerebro-
spinal fluid (CSF) outflow [54].

Diagnosis is made primarily by history, 
physical examination, and MRI.

Chiari I malformation showing descent of the
cerebellar tonsils

A sagittal T1-weighted MRI of the brain shows the
low-lying and elongated cerebellar tonsils (arrow), which
are displaced below the level of the foramen magnum.

MRI: magnetic resonance imaging.

Courtesy of Eric D Schwartz, MD.

Adapted from UpToDate [55].
 2. What are the treatment options for this patient?

 (a) Nonsteroidal anti-inflammatory drugs 
(NSAIDs)

 (b) Cervical collar
 (c) Surgical decompression
 (d) All of the above
Answer: d

Management options for patients with 
Chiari malformation are dependent upon the 
presenting symptoms. A patient presenting 
with headache and neck pain may benefit 
from the use of NSAIDs, muscle relaxants, 
and the temporary use of a cervical collar. 
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However, with more severe symptoms such as 
gait abnormalities, medical management will 
not offer resolution. The main treatment for 
Chiari malformation is surgical with the goal 
of re-establishing the CSF flow across the cra-
niovertebral junction and decompressing the 
nervous system elements [56–58].

Patients with Chiari malformation typi-
cally present for decompressive suboccipital 
craniectomy with duraplasty. The procedure 
is performed in the prone position with intra-
operative neuromonitoring. Positioning is 
important as excessive flexion can result in 
brainstem compression. The potential anes-
thetic complications include vocal cord 
paralysis, stridor, respiratory distress, apnea, 
abnormal swallowing, recurrent aspiration 
pneumonia, possible increase in intracranial 
pressure, unstable blood pressure, weakness, 
and paralysis [59].

 3. Which of the following syndromes are associ-
ated with craniovertebral junction anomalies?
 (a) Trisomy 13
 (b) Trisomy 18
 (c) Trisomy 21
 (d) None of the above
Answer: c

Trisomy 21 also referred to as Down’s syn-
drome is a multisystemic chromosomal disor-
der. The table below lists some of the many 
clinical manifestations. About 10–30% of 
people with Down’s syndrome have atlanto-
axial instability, which is defined as increased 
mobility of the cervical spine at C1 and C2; 
this can lead to subluxation of the cervi-
cal spine. Most are asymptomatic; however, 

10% of individuals with atlantoaxial instabil-
ity have neck pain, torticollis, gait changes, 
changes in bowel or bladder control, or other 
signs of paralysis or weakness [60–62].

Organ system Clinical manifestation
Airway High arched narrow palate, 

subglottic stenosis, macroglossia, 
atlantoaxial subluxation, narrow 
tracheal lumen

Central nervous 
system

Mental retardation, altered response 
to opioids, hypotonia

Cardiovascular 
system

Congenital heart disease (tetralogy 
of fallot, ventricular septal defect, 
endocardial cushion defects, patent 
ductus arteriosus), predisposition to 
pulmonary hypertension, 
bradycardia with inhaled induction, 
difficult intravenous catheter 
placement

Endocrine/
hematologic

Hypothyroidism, 
immunosuppression

Gastrointestinal Duodenal atresia, Hirschsprung 
disease, gastroesophageal reflux

Pulmonary Obstructive sleep apnea

Gregory GA, Andropoulos DB. Gregory’s pediatric anes-
thesia. 5th ed. [63]

 4. Which of the following are acquired anoma-
lies of the craniovertebral junction?
 (a) KFS
 (b) Trisomy 21
 (c) Rheumatoid arthritis
 (d) All of the above

Answer: c
Acquired anomalies of the cranioverte-

bral junction can occur secondary to trauma 
to the bones or the supporting ligaments of 
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the craniovertebral junction. Other etiologies 
include inflammatory conditions such as rheu-
matoid arthritis and ankylosing spondylitis. 
Malignancies such as chondrosarcoma, mul-
tiple myeloma, and metastatic deposits can 
also affect the craniovertebral junction. KFS 
and Trisomy 21 are congenital anomalies of 
the craniovertebral junction [64].
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Management of Patient 
with Hydrocephalus

Farzana Afroze and Helena Oechsner

Stem Case Terminology
A 13-year-old child is presented to the ER 
with altered mental status. He has been com-
plaining of nausea and vomiting on and off 
for few days. Diagnostic workup showed mal-
functioning ventriculoperitoneal (VP) shunt 
with enlarged ventricles. He is scheduled for 
an emergent revision of his ventricular shunt.

He was born at 35 weeks of gestation with 
congenital hydrocephalus and spina bifida 
with open defect. He underwent closure of his 
neural tube defect and ventricular peritoneal 
shunt as an infant.

Since then he had to have two other revisions 
for failure of his shunt and VP shunt infection.

His past medical history includes spina 
bifida, depression, obesity, gastroesophageal 
reflux disease (GERD), neurogenic bladder 
and two episodes of pyelonephritis and diffi-
cult peripheral venous access.

Not on any home medications. No known 
drug allergy.

He weighs 87 kg, he is wheelchair bound, 
now in bed, somnolent and has 24G PIV in his 
left forearm. Vital signs WNL, no recent labs 
available.

Airway evaluation is difficult due to lack of 
cooperation.

Heart and lung auscultation revel distant 
breath sounds and regular sinus rhythm with-
out a murmur.

11.1  Preoperative

Question 1:
What is hydrocephalus?

Answer:
Hydrocephalus is defined as a condition caused 
by abnormal accumulation of cerebrospinal fluid 
(CSF) within the brain resulting in enlarged 
cerebral ventricles, due to a disruption of CSF 
formation, absorption, or flow. It can occur in 
both children and adults but is more common 
in the pediatric population. Hydrocephalus is 
the most commonly treated disease by pediatric 
neurosurgeons in the USA with a prevalence of 
roughly 1  in 1000 live births, which accounts 
for roughly $2 billion in health expenditures in 
the USA every year. The incidence and preva-
lence of hydrocephalus in adults are not known 
as it is secondary to other pathogenesis, such as 
intracranial hemorrhage, tumor, head trauma, 
and infection. The literature on the incidence of 
pediatric hydrocephalus is divided: some report 
a decreased incidence in developed countries 
secondary to reduced rates of congenital mal-
formation and infections, while others indicate 
an increased rate of hydrocephalus because of 
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improved survival of premature infants with a 
corresponding increase in the incidence of intra-
ventricular hemorrhage (IVH).

Question 2:
What is the pathogenesis of developing 
hydrocephalus?

Answer:
CSF is secreted by the choroid plexus located 
within the cerebral ventricles which flows freely 
to surround the brain and the spinal cord in the 
subarachnoid space. The CSF production rate is 
considered to be 0.3–0.4 mL/min, which translates 
into an hourly production rate of roughly 20 mL/h. 
Hourly CSF production in infants and children 
from external ventricular drain has been docu-
mented and suggests that CSF outputs increase 
logarithmically with increase in age and body 
weight, which further suggests that the CSF pro-
duction increases proportionally with the growth of 
the brain. The output increases rapidly in infancy 
and by 2  years of age, output is approximately 
two-thirds of adult levels. The total CSF volume 
in infants is approximately 50 mL, while in adults 
it is 125–150 mL. The overall total volume of CSF 
is smaller in children due to the smaller subarach-
noid space, but larger on an mL/kg basis.

CSF is reabsorbed into the cerebral venous 
system through the arachnoid granulations of the 
subarachnoid space. According to this model, 
hydrocephalus can result from physical or func-
tional obstruction of CSF flow within the ven-
tricular system, the subarachnoid space or venous 
sinuses as well as excess production or defective 
absorption of CSF. When the rate of production is 
increased, the corresponding increase in CSF 
pressure typically results in increased absorption 
and therefore increased production of CSF rarely 
results in hydrocephalus. Within the ventricular 
system, an obstructive malformation can cause 
physical blockage of CSF flow and outside the 
ventricular system, inflammation and scarring of 
the subarachnoid space, or elevated pressures 
within the venous sinuses can impair transloca-
tion of CSF into the systemic circulation.

The Monro–Kellie doctrine describes the rela-
tionship between the volume of the intracranial 

components and intracranial pressure (ICP). The 
cranial vault is a “rigid” structure, with a finite 
amount of space within. The three components 
that occupy the intracranial space are: (1) brain 
bulk and interstitial fluid (80%), (2) CSF (10%), 
and (3) blood (10%). Under the Monro–Kellie 
hypothesis, the sum of the intracranial compo-
nents is constant and an increase in any one of the 
intracranial constituents or in the presence of a 
mass lesion, e.g., tumor or hematoma, would 
increase ICP and decrease the volume of another 
component.

• Intracranial volume (constant)  =  brain vol-
ume + CSF volume + blood volume + mass 
lesion.

Due to the existing physiological buffer, some 
compensation is possible—an increase in the vol-
ume of one of the components would therefore 
involve a decrease in the volume of one or both 
components. Typically, when there in an increase 
in any one of the intracranial components, com-
pensation occurs by increasing CSF reabsorption 
or moving CSF and blood into the spinal canal or 
extracranial vasculature, respectively. When 
these compensatory mechanisms are exhausted, 
ICP rises dramatically leading to life threatening 
herniation syndrome. Infants and children under 
the age of 2 are an exception to this rule, due to 
unfused suture lines and fontanelles, and a slow 
increase in intracranial volume can be compen-
sated for more readily until even these compensa-
tory mechanisms are exhausted.

Question 3:
What are the different types and etiology of 
hydrocephalus?

Answer:
There are different classification schemes based 
on different criteria. One of the earliest and 
widely used classification system is based on the 
CSF dynamic, where it is classified as obstruc-
tive/noncommunicating or non-obstructive/
communicating depending on the presence of 
blockage of the major CSF circulation pathway. 
Hydrocephalus can also be classified based on 
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any association with congenital syndrome or 
chromosomal anomalies, congenital vs. acquired, 
pediatric vs. adult hydrocephalus. Hydrocephalus 
in adults is often subclassified as high or normal 
pressure hydrocephalus, such as normal pressure 
hydrocephalus (NPH) and idiopathic intracranial 
hypertension (IIH). Another form of hydroceph-
alus in the elderly that is worth mentioning is 
hydrocephalus ex-vacuo.

Obstructive vs. communicating: Obstructive 
hydrocephalus, also known as noncommunicating 
hydrocephalus, refers to abnormal accumulation 
of CSF due to structural blockage of CSF flow 
within the ventricular system. This is the most 
common form of hydrocephalus in children and 
almost always associated with increased ICP. 
Communicative hydrocephalus refers to abnormal 
accumulation of CSF from the subarachnoid space 
to the venous circulation. Based on this definition, 
some scholars refer to communicating hydroceph-
alus as “absorptive” kind.

Acquired vs. congenital: Hydrocephalus can be 
classified by etiology as either congenital or 
acquired.

Congenital hydrocephalus is present at birth 
without any obvious extrinsic cause, while 
acquired hydrocephalus occurs after birth. 
Congenital hydrocephalus can be further subdi-
vided into syndromic and non-syndromic forms. 
Syndromic hydrocephalus is associated with 
other congenital anomalies and genetic anoma-
lies. There are many syndromes that are associ-
ated with hydrocephalus, such as X-linked 
hydrocephalus, chromosomal defects, Walker–
Warburg syndrome, achondroplasia, encephalo-
cele, Chiari type 2 malformation that is associated 
with myelomeningocele, aqueductal stenosis and 
Dandy–Walker malformation (DWM). DWM is a 
complex consisting of hydrocephalus due to atre-
sia of the foramina of luschka and magendie, 
with hypoplasia or agenesis of the cerebellar ver-
mis and cystic enlargement of the fourth ventri-
cle. Aqueductal stenosis can also be congenital or 
acquired.

Acquired or secondary hydrocephalus 
occurs due to other medical conditions, some of 

which include hemorrhage, IVH due to prema-
turity, infection, inflammatory processes, and 
neoplasm causing dynamic obstruction. 
Inflammation of the meninges or ventricles 
from the infection or hemorrhage often leads to 
hydrocephalus due to impairment of CSF circu-
lation and absorption. Infectious diseases caus-
ing hydrocephalus include meningitis, 
encephalitis, congenital syphilis, CMV, and 
toxoplasmosis. Bacterial meningitis is more 
commonly associated with hydrocephalus than 
viral meningitis (Table 11.1).

Normal pressure hydrocephalus (NPH): NPH 
is a disease of mostly the elderly population with 
unclear etiology and is characterized by enlarged 
ventricular size with normal opening pressures 
on lumbar puncture. NPH is a form of communi-
cating or non-obstructive hydrocephalus without 
any radiological evidence of obvious obstruction. 
The etiology can be idiopathic or secondary to 
previous subarachnoid hemorrhage, meningitis, 
or head trauma. NPH is commonly seen in the 
elderly and associated with the classical triad of 
dementia, gait disturbance, and urinary inconti-

Table 11.1 Common causes of pediatric hydrocephalus

Congenital causes Acquired causes
Neural tube defect
  •  Spina bifida
  •  Myelomeningocele
  •  Chiari malformation II
  •  Encephalocele

Aqueductal stenosis 
(can be congenital or 
acquired)

Dandy–Walker complex
  •  Atresia of foramina of 

luschka and magendie
  •  Cystic enlargement of 

the fourth ventricle

Hemorrhage
  •  IVH due to 

prematurity

X-linked hydrocephalus
  •  Aqueductal stenosis

Infection
  •  Bacterial 

meningitis
  •  Encephalitis
  •  Congenital 

syphilis
  •  CMV and 

toxoplasmosis
Congenital arachnoid cyst Traumatic brain injury
In utero intraventricular 
hemorrhage

Brain tumor or cysts

Intracerebral vascular 
malformation

Idiopathic

11 Management of Patient with Hydrocephalus
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nence. Symptoms are potentially reversible by 
the placement of a VP shunt. It is a diagnosis of 
exclusion and as such it is important to rule out 
any other organic causes of dementia.

Idiopathic intracranial hypertension (IIH): IIH 
also known as pseudotumor cerebri is charac-
terized by elevated ICP with slightly dilated or 
nondilated ventricles. The term that has been use 
in the past for this entity is “benign intracranial 
hypertension.” It is common in obese females of 
child-bearing age. IIH is a clinical entity defined 
by clinical criteria that include symptoms of 
elevated ICP—almost all patients have chronic 
headache, some type of visual disturbances 
including visual loss, blurred vision and diplopia, 
pulsatile tinnitus, radicular pain, paresthesia, and 
facial palsy. The presence of these symptoms as 
well as papilledema on fundoscopic examination 
confirms the diagnosis of pseudotumor cerebri, 
where no other cause of ICP is evident on neuro-
imaging or other evaluations.

Hydrocephalus ex-vacuo: Patients with neuro-
degenerative disorders such as Alzheimer’s dis-
ease, Parkinson’s disease, and Lewy body 
dementia can present with similar symptoms as 
seen in NPH, which are progressive dementia, 
gait disturbance, and urinary incontinence. On 
radiographic imaging, ventricles can be enlarged 
due to volume loss or atrophy of brain, hence 
called hydrocephalus ex-vacuo. Due to overlap-
ping of symptoms, it can be difficult to distin-
guish between NPH and neurodegenerative 
disorders and sometimes both diseases can occur 
at the same time.

Question 4:
What are the clinical presentations of 
hydrocephalus?

Answer:
Clinical signs and symptoms are related to 
elevated ICP and depend on age and etiology. 
Infants and children under 2  years of age who 

have open fontanelles and nonfused sutures may 
not show any sign of elevated ICP even in the 
presence of elevated ICP. A gradual increase in 
intracranial volume causing increasing head cir-
cumference and craniofacial disproportion may 
be the very first sign. Definitive treatment of 
hydrocephalus is placement of a ventriculoperi-
toneal shunt (VPS) to relieve ICP. So acute or 
chronic shunt failure also presents with similar 
clinical signs and symptoms of acutely elevated 
ICP (Figs.  11.1, 11.2 and 11.3 and Tables 11.2 
and 11.3).

Fig. 11.1 A 11-month-old infant ex-25-week preemie 
with IVH causing hydrocephalus with large porencephalic 
cystic dilation of left lateral ventricle required VP shunt 
placement at early infancy, presented with VP shunt mal-
function and worsening hydrocephalus. Visible physical 
feature of “frontal bossing”

Fig. 11.2 Protruding shunt
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Question 5:
How would you evaluate a patient with hydro-
cephalus or acute shunt failure?

Answer:
Thorough organ-based evaluation is necessary, 
especially focusing on neurological assess-
ment for signs of acute elevated ICP, while also 
 evaluating for coexisting diseases. Signs of acute 
increase in ICP and decreased level of conscious-
ness should dictate the urgency of the surgical 
treatment or the need for temporizing decom-
pression with ventricular tapping and external 
ventriculostomy. Most neurosurgical patients 
will have some type of radiologic imaging stud-
ies performed preoperatively, either a computed 
tomography (CT) or magnetic resonance imag-
ing (MRI) of the brain as part of the preoperative 
neurosurgical evaluation and surgical planning 
(Figs. 11.4 and 11.5).

Patients with elevated ICP are at increased risk 
for aspiration of gastric content, thus it is usually 
best to perform rapid sequence induction and intu-
bation when surgery is indicated. Many patients 
with chronic or acute intracranial pathology suffer 

Fig. 11.3 Surgical preparation includes exposure of the 
entire body and iodine-based preparation of the head and 
abdomen. Neonate and small children are at increased risk 
for hypothermia as they lose excessive body heat through 
body exposure to the cold operating room condition

Table 11.2 Signs of elevated ICP and shunt malfunction 
in children

Signs of chronic 
ICP elevation

Late signs of 
elevated ICP

Signs of shunt 
malfunction

Increased head 
circumference 
and widened 
cranial sutures 
(likely early 
sign in infants)

Lethargy Bulging 
fontanelles and 
increased head 
circumferences 
(in infants)

Bulging 
fontanelles 
(likely early 
sign in infants)

Altered mental 
status or level 
of 
consciousness

Irritability

Vomiting 
(especially in 
the morning)

HTN/
bradycardia 
(Cushing’s)

Nausea and 
vomiting

Irritability Mydriasis Headache
Headache Papilledema Loss of 

developmental 
milestones

New onset of 
seizures

Abnormal 
response to 
painful stimuli

Lethargy or any 
new 
neurological 
signs

Poor oral intake/
failure to thrive

“Sun setting 
sign”—Upper 
eyelid 
retraction and 
up-gaze failure

Poor oral intake

Table 11.3 Clinical presentation of hydrocephalus/
increased ICP in older children, NPH, and IIH

Older children •  Headache (worse in 
morning)

•  Vomiting (often will 
relieve the headache)

•  Diplopia (sixth cranial 
nerve palsy)

•  Sudden onset of seizure
•  Impaired consciousness 

and Cushing’s
Normal pressure 
hydrocephalus (NPH)

•  Elderly, usually 
>75 years of age

•  Triad: Gait impairment, 
dementia, and 
incontinence

Idiopathic intracranial 
hypertension (IIH)/
pseudotumor cerebri

•  Female, child-bearing 
age, obese

•  Triad: Chronic 
headache, visual 
disturbances, and 
papilledema
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from nausea, vomiting, and general malaise, thus 
these patients may be intravascularly volume 
depleted and may have electrolyte imbalances. 
Premedication with anxiolytics in the preoperative 
area should be administered cautiously based on 

the neurological status. Children with develop-
mental delay or neurologic impairment may not 
need any anxiolytics. The use of premedication or 
anxiolytics can cause hypoventilation increasing 
the PaCO2, thus increasing ICP.  Older children 
tend to be more anxious leading to intense crying 
and fighting, which may cause significant eleva-
tion in ICP as well. It is best to avoid premedica-
tion with narcotics as they may worsen nausea and 
cause hypoventilation. If indicated, oral mid-
azolam 0.25–0.5 mg/kg (maximum 20 mg) can be 
administered 10–20 min before surgery to relieve 
anxiety. If an indwelling intravenous (IV) catheter 
is in place, small dosage of IV midazolam can be 
titrated to effect. Lastly, consider that the use of 
premedication may delay recovery from anesthe-
sia and obtaining a timely neurologic exam 
(Table 11.4).

Question 6:
How would you proceed with induction of a 
patient with elevated ICP?

Answer:
There is no standard way to induce anesthesia 
for patient with chronic or acute hydrocephalus. 

Fig. 11.4 MRI image prior to surgery. Arrow indicating 
VP shunt entering left ventricle. Marked hydrocephalus, 
large porencephalic cavity resulting in mass effect on the 
contralateral right ventricle with left to right midline shift. 
Line in the middle indicating midline and shift

Fig. 11.5 CT image after revision of left VP shunt. 
Arrow indicating shunt entering to left ventricle. Moderate 
decrease in size of left porencephalic cyst and decreased 
mass effect and midline shift

Table 11.4 System-based evaluation for patient with 
hydrocephalus prior to surgery

Cardiovascular Congenital heart disease, 
arrhythmias, congestive heart 
failure, electrolyte abnormalities, 
hypoxia, paradoxical emboli

Respiratory Bronchopulmonary dysplasia 
(BPD), chronic lung disease (CLD) 
due to prematurity, aspiration 
pneumonia, postoperative apnea, 
vocal cord paralysis

Gastrointestinal 
system

GERD, nausea, vomiting

Urinary system Latex sensitivity, recurrent or 
chronic UTI

Nervous system Seizures, mental status changes, 
neurologic deficits

Airway 
evaluation

Craniofacial anomaly or 
syndromes associated with difficult 
airway anatomy

Source: Afroze F, Oechsner H, Ehlers M. Pediatrics. In: 
Prabhakar H, Mahajan C, Kapoor I, editors. Manual of 
neuroanesthsia. Boca Raton, FL: Taylor and Francis, 
CRC;2017. p. 405–21
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Induction planning should be dictated by the 
patient’s acute neurological status and coexist-
ing medical issues. With patients presenting with 
symptoms of acutely elevated ICP, precaution 
should be taken during induction of anesthesia to 
prevent hypoventilation leading to hypercarbia, 
hypoxia, and hyper/hypotension to prevent fur-
ther elevation of ICP.  The primary goal should 
be neuroprotection by maintaining cerebral per-
fusion. Without any evidence of acute ICP eleva-
tion, it is safe to perform inhalational induction 
in pediatric patients and adults with difficult 
venous access. In patients with obvious signs of 
increased ICP, IV access and induction with IV 
anesthetic is recommended by most scholars, as 
potent volatile anesthetic’s deleterious effects on 
CBF and ICP are well described in the literature.

11.2  Intraoperative

Question 7:
What is the incidence and causes of VPS failure?

Answer:
The primary management option for patients 
with hydrocephalus is implantation of a VP shunt 
allowing drainage of excess CSF from the cere-
bral ventricles into the peritoneal cavity. Risk of 
VP shunt failure is the highest during the first 
year after implanting a VP shunt, especially in 
premature infants and infants during their first 
year of life. Proximal or distal obstruction and 
infection are the most common causes. All types 
of mechanical problems have been reported, 
including not just proximal or distal obstruction, 
but disconnection, disruption, and valve-related 
problems as well. Depending on the sources, 
the rate of obstruction ranges from 10 to 52% 
and the rate of infection was observed as high 
as 39% in the past, while more recent studies 
report infectious complications in only 5–10% 
of shunt insertions. VP shunts were introduced in 
the 1950s and their design has changed very little 
since then; small changes introduced in recent 
years have had only minimal impact on those 

long-standing problems. Approximately 40% of 
shunts fail within two years of implantation and 
98% fail after a 10-year span (Table 11.5).

Question 8:
What types of cerebrospinal shunts are currently 
available for clinical use?

Answer:
A shunt typically consists of four 
components:
• Proximal (inflow) catheter with a tip placed 

within the CSF in one of the lateral cerebral 
ventricles

• Reservoir
• A one-way valve to regulate CSF flow
• Distal (outflow) catheter that facilitates drain-

age of CSF into a body cavity, where CSF can 
be absorbed

Various shunts have been used including VP, 
ventriculo-atrial (VA), ventriculo-pleural 
(VPI) shunt and ventriculo- gallbladder shunt. 
In a case of a communicating hydrocephalus, 
CSF can be also drained from the lumbar sub-
arachnoid space by a lumbo- peritoneal (LP) 
shunt. The VP shunt is used most commonly but 
in a case of VP shunt contraindication due to 
abdominal surgery, adhesion, or peritonitis, other 
sites for CSF absorption are possible.

Most shunts fall into two categories: a single 
setting fixed pressure valve (mono valve) or an 
adjustable variable pressure valve. The valve 

Table 11.5 Risk factors for VP shunt infection

Age at shunt placement (higher risk at younger age)
Prematurity
Etiology of hydrocephalus (higher risk after IVH, 
infection or malignancy)
Postoperative CSF leak
Duration of surgical procedure
Number of manual contacts between surgeon and 
shunt system
Single glove use
Experience of surgeon
Previous shunt insertion
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functions as a flow-resistant mechanism, allow-
ing control of ICP in a variety of different posi-
tions and pressures. Differential pressure (DP) is 
the pressure gradient between the proximal and 
the distal catheter tip, preventing a rise of ICP. 
Mono valve contains a ball and spring mecha-
nism which has a static tension. When the CSF 
reaches a high enough pressure, the ball com-
presses the spring, and the CSF flows into the 
distal catheter via one-way flow valve, function-
ing as a pop-off valve. The valve has also an 
“antechamber,” a reservoir allowing one to sam-
ple CSF fluid, measure ICP, and check for 
obstruction. This type of shunt has fewer parts, is 
smaller and associated with less complications 
(preferred for young patients) and MRI compati-
ble. However, it does not allow for any additional 
adjustments if the CSF drainage rate changes and 
it would require reoperation.

A variable pressure valve accommodates 
changing pressure and prevents over- or underd-
raining. To adjust the valve, a magnetic field is 
applied by an external magnet to rotate the valve, 
adjusting the opening and closing pressures with-
out the need for an additional surgical procedure. 
Although the programmable valves are more 
expensive, they may be associated with fewer 
reoperations offsetting the initial price. However, 
it is important to note that the programmable 
shunt needs to be checked following an MRI 
exam. The magnetic field in the MRI scanner can 
redial the valve to an inappropriate setting and if 
uncorrected, it can lead to over- or underdrainage 
of CSF.  The Food and Drug Administration 
(FDA) also recommends that programmable 
shunts using a magnetic field should be kept at 
least 2 in. away from devices with magnetic fields 
including cell phones or headsets. Patients should 
use the opposite side for cell phone or earbuds 
use.

Question 9:
What are the specific anesthetic considerations 
for intraoperative management of shunt insertion?

Answer:
There is no single one anesthesia technique 
recommended for maintenance of anesthesia. 

The main goals of anesthetic management are 
to decrease elevated ICP, prevention of further 
increase of ICP as well as maintenance of favor-
able cerebral hemodynamics, immobility and 
rapid recovery from anesthesia. Reports describe 
the use of inhalation, total IV and combina-
tion technique for maintenance anesthesia. Any 
anesthesia technique should avoid hypercarbia, 
hypoxia and hypertension or the use of nitrous 
oxide to prevent ICP increase.

Small doses of short-acting opioid analgesics 
with adjunctive non-depolarizing muscle relax-
ants are useful. Local anesthetics for wound infil-
tration are encouraged. Administration of 
preoperative antibiotics is important to decrease 
the risk of postoperative infection.

Ventricular tap and shifts in CSF during the 
operation can be associated with hypotension, 
bradycardia, and cardiac arrhythmias. 
Subcutaneous tunneling and abdominal incisions 
are stimulating and may require deepening of 
anesthesia or additional small doses of opioids.

More recently, some centers are performing 
laparoscopically assisted placement of the distal 
portion of shunt catheter. Some studies showed 
decreased shunt revision rates and decreased 
length of stay with this approach. This surgical 
technique does add challenges to the manage-
ment by introducing pneumoperitoneum, hyper-
carbia, increased intra-abdominal and 
intrathoracic pressure. This can lead to decreased 
cardiac output, hypotension, decreased pulmo-
nary compliance, and hypoxemia. Increased 
intra-abdominal pressure can further elevate ICP 
and decrease cerebral perfusion.

Question 10:
Are there any concerns about fluid management 
for patients undergoing VP shunt placement or 
revision? Or any patient for VP shunt insertion 
surgery?

Answer:
Placement or revision of a VP shunt typically 
does not carry a high risk of excess blood or third 
space losses. However, patients could be dehy-
drated coming into surgery secondary to induced 
diuresis to control ICP or from emesis secondary 
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to increased ICP. The goal is to maintain normo-
volemia and avoid hyperglycemia or hypogly-
cemia. Use of balanced normotonic crystalloid 
solutions is preferable. Colloids are not usually 
necessary in routine neurosurgery. Hypotonic 
crystalloids are dangerous in pediatric neuro-
surgical patients as these solutions cause water 
to shift from the intravascular compartment 
into the cells of the brain, causing brain edema 
and brain swelling. Therefore solutions such as 
Ringer’s lactate (osmolality 273  mOsm/L) and 
half normal saline (osmolality 143  mOsm/L) 
should be avoided during neurosurgical pro-
cedures. Normal saline solution (osmolality 
290  mOsm/L) is isotonic and will not lead to 
increased brain water. However, if given rapidly 
and in large amounts, it can result in hyperna-
tremia, hyperchloremia, and hyperchloremic 
metabolic acidosis. Plasma-Lyte (osmolality 
294  mOsm/L) is isotonic and well suitable for 
fluid replacement. Glucose- containing solutions 
should be administered at a lower rate to pre-
mature infants, newborns, and diabetic patients 
to prevent hypoglycemia, while blood glucose 
levels are carefully monitored. Otherwise glu-
cose containing solutions should be avoided to 
prevent hyperglycemia which could cause or 
increase cerebral injury.

Hyperosmolar therapy like mannitol or hyper-
tonic saline and loop diuretics should be given 
only after consultation with the neurosurgeon.

Question 11:
Are there any special concerns about temperature 
control in patients undergoing insertion or revi-
sion of a VP shunt?

Answer:
During the insertion of the VP shunt, a large por-
tion of the child’s body is exposed to the ambi-
ent temperature and covered with disinfectant 
solution leading to enhanced heat loss via con-
duction and radiation with a quickly developing 
hypothermia. Since there is no clinical evidence 
supporting induced hypothermia neuroprotection 
in pediatric patients, all efforts should be made 
to maintain normothermia during hydrocephalus 
surgery.

These measures include increasing the operat-
ing room temperature, use of underbody warm-
ing blankets, radiant heat lamps, warm prep 
solutions, and warm IV fluids.

There are many potential side effects from 
hypothermia, especially in premature and term 
infants and small children. Hypothermia can 
induce coagulopathy, peripheral vasoconstric-
tion, and poor tissue perfusion, decrease oxygen 
delivery and cause metabolic acidosis. It can 
inhibit drug metabolism and prolong recovery 
from anesthesia. It can also lead to rewarming- 
induced increases in oxygen consumption with 
an increased cardiac output. Finally, and per-
haps most importantly, hypothermia is also 
linked to an increased rate of postoperative 
infection.

Hyperthermia can be also equally harmful, 
with the central nervous system being especially 
vulnerable, particularly if prolonged or exces-
sive. The neurological injury may manifest in 
several ways, including cognitive dysfunction 
and agitation.

Question 12:
What are the benefits and disadvantages of endo-
scopic third ventriculostomy (ETV) compared to 
insertion of a VP shunt? What are the main anes-
thetic considerations for an ETV procedure?

Answer:
Neuroendoscopic third ventriculostomy 
(ETV) is the most common intraventricular 
endoscopic procedure. It aims to treat obstructive 
hydrocephalus due to a congenital aqueductal 
stenosis or an obstruction blocking the aqueduct 
of Sylvius by making a perforation in the floor of 
the third ventricle.

There are several possible acute intraoperative 
complications arising from the irrigation fluid, 
mechanical injury to brain structures, and during 
the fenestration of the floor of the third ventricle. 
Cold irrigation fluid can acutely distend the ven-
tricles, causing an increase of ICP and 
 Cushing- type response with bradycardia or 
tachycardia and hypertension. This is the result 
of impaired perfusion and/or stimulation of the 
pre-optic area. Vigorous irrigation can also cause 
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neurogenic pulmonary edema. Mechanical 
trauma to the fornix can lead to transient memory 
loss, personality changes, or injury to cranial 
nerves III and VI.

Hypothermia is common, giving the large sur-
face area of the infant’s head. All efforts should 
be made to maintain normothermia with the use 
of warm ambient room temperature, an under-
body forced air warming blanket, and warm 
fluids.

Failure of ETV can be defined as primary 
(failure to create an opening) or secondary 
(obstruction of previously patent communica-
tion). ETV is attractive as a minimally invasive 
procedure with ideal results of definitive cure of 
the obstructing hydrocephalus. Unfortunately, it 
is not without complications which may include 
obstruction, infection, CSF leakage, IVH, and 
damage to the tuber cinereum with diabetes 
insipidus. Better long-term follow-up is still 
needed.

Question 13:
What preoperative antibiotic would you recom-
mend? Which bacterial flora are you worried 
about?

Answer:
The incidence of infection after insertion of a VP 
shunt is reported to be anywhere from 1 to 39% 
with more recent studies reporting a lower inci-
dence than in the past, about 4–5%. Most shunt 
infections present in the first 2  months postop-
eratively, supporting the theory that the infect-
ing agent is introduced at the time of surgery. 
The most prevalent species are Gram-positive 
bacteria, especially Staphylococcus species with 
Staphylococcus epidermidis accounting for more 
than half of the cases and Staphylococcus aureus 
up to another third. If there are any Gram-negative 
bacteria detected, in most cases they are noso-
comial pathogens, such as Enterobacteriaceae, 
Pseudomonas aeruginosa, and Acinetobacter 
related to intraperitoneal inflammation or hema-
togenous spread from a different site. Late shunt 
infection is considered a different entity. The 
shunt is acting as a foreign body and attracting 
bacterial colonization with mostly Gram-negative 

bacteria or Candida spp., likely retrograde infec-
tion from the distal portion of the VPS catheter. 
The rate of late VPS infection is 1–30% of all 
infections.

Perioperative antibacterial prophylaxis should 
have a bactericidal effect as well as the capacity 
to sufficiently penetrate the blood–brain barrier. 
The introduction of perioperative antibiotic pro-
phylaxis has helped to decrease the incidence of 
VPS infections. Second- or third-generation 
cephalosporins (or clindamycin for patients with 
penicillin allergy) are common antibiotic choices. 
Intraoperatively, intraventricular application of 
gentamycin or vancomycin has been recom-
mended. Colonization of patients with resistant 
bacterial pathogens may require additional anti-
biotics. However, single shot prophylaxis with a 
glycopeptide in MRSA and MRSE colonized 
patients may not reach minimal inhibitory con-
centration in the CSF.

Antibiotically impregnated shunt catheters 
(AIS) reduce VPS infection rate with statistical 
significance documented in several studies. 
Catheters were impregnated with rifampicin with 
or without minocycline or clindamycin. The anti-
microbial activity of the shunt catheter in these 
studies lasted up to 127 days.

Question 14:
What would be the anesthetic considerations for 
women with a cerebrospinal shunt during labor 
and delivery?

Answer:
Pregnancy in women with CSF shunts can be 
complicated by shunt failure and an increase in 
ICP. The anatomical site of a CSF shunt and its 
function are important determinants in choosing 
the mode of delivery and type of anesthesia. The 
anesthetic management of pregnant patients with 
CSF shunts requires a team approach between 
the obstetrician, neurosurgeon, neurologist, 
and anesthesiologist. The choice of anesthetic 
technique depends on CSF shunt function, ICP, 
and the urgency of delivery. Vaginal delivery is 
preferred in women with normally function-
ing shunts and no signs of increased ICP. Both 
vaginal and cesarean delivery can be safely done 
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under neuraxial anesthesia if increased ICP is not 
present and being meticulous about sterile place-
ment to avoid subsequent shunt infection.

CSF shunt malfunction is high during preg-
nancy (up to 30%) and any new neurological 
symptoms require careful evaluation of shunt 
function. If any concerns arise, and imaging is 
needed, MRI is preferred over computer tomog-
raphy during pregnancy due to risk of radiation 
exposure. Abdominal ultrasound provides good 
information about the distal catheter and pres-
ence of a pseudo cyst or an abscess. Causes of 
failure of the CSF shunt during pregnancy can 
be due to obstruction, fracture, migration, dis-
connection, misplacement, infection, and peri-
toneal pseudocyst formation from chronic 
low-grade infection, just like in the non-preg-
nant population. Mechanical obstruction by the 
gravid uterus and the increase of intra-abdomi-
nal pressure can cause malfunction of an other-
wise normally functioning shunt. Labor and 
delivery can cause increased ICP with the onset 
of uterine contractions and pain. VA shunts may 
have less obstruction during pregnancy but are 
generally associated with a higher rate of com-
plications including arrhythmias, migration of 
the catheter tip, scarring of myocardium, and 
valvular regurgitation.

Cesarean delivery is indicated for patients with 
shunt failure and increased ICP and in this case 
general anesthesia is the preferred technique. 
Induction agents typically include propofol and 
short-acting medications such as remifentanil, 
esmolol, and lidocaine for attenuating increased 
sympathetic responses during intubation. 
Succinylcholine should be avoided in patients with 
increased ICP but remains the drug of choice in 
pregnant women with anticipated difficult airway. 
Ergot derivatives should be avoided post-delivery 
as they may further increase ICP. The distal cath-
eter can be damaged or infected during the cesar-
ean delivery and postoperative adhesions around 
the catheter may predispose the shunt for the 
future failure. Caution should be taken to prevent 
both by strictly aseptic technique, antibiotic irriga-
tion, and preoperative ultrasound marking indicat-
ing the location of the distal tip of the shunt.

11.3  Postoperative

Question 15:
What possible complications of VP shunt place-
ment are to be watched for?

Answer:
The most common complications are related to 
either shunt malfunction or infection.

Shunt malfunction: CSF overdrainage can 
result in shrinking or collapse of the cerebral 
ventricles also known as slit ventricle syn-
drome, referring to computer tomography (CT) 
or MRI finding of very small (“slit-like”) ven-
tricles. Slit ventricle syndrome can cause severe 
intermittent headaches in the upright position, 
typically relieved by lying down. In adult 
patients, one can even see arterial or venous 
blood vessel tears with resultant subdural 
hematoma. This is caused by a “siphoning” 
effect, where in the upright position gravity 
siphons fluid out of the shunt causing overd-
rainage and negative ICP. Most current shunts 
contain siphon resistive device (SRD).

CSF underdrainage presents as failure to drain 
the enlarged ventricles and increased ICP with 
the typical signs and symptoms of hydrocepha-
lus. This typically needs a surgical revision of the 
shunt or interrogation of the valve if an adjustable 
shunt is in place.

Shunt obstruction can happen at any part of 
the system. This is most often caused by CSF 
protein buildup and can acutely present with 
signs of increased ICP (headache, nausea, vomit-
ing, lethargy, irritability, confusion).

Intracranial hemorrhage: Intracranial hemor-
rhage can result from erosion of the catheter into 
cerebral vasculature or sudden ICP reduction 
after VPS placement resulting in subdural hema-
toma, intracerebral hemorrhage, or both.

Shunt infection: Early infection is usually 
caused by skin flora contamination, most likely 
Staphylococci. Signs and symptoms of infection 
include fever, lethargy, irritability, abdominal 
pain, headache, nuchal rigidity, and elevated 
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white blood cell count. Shunt infection can 
quickly lead to meningitis.

Abscesses can be formed as a result of shunt 
infection. If a patient complains of abdominal 
pain, one must consider abdominal abscess due 
to shunt contamination or migration into the 
bowels.

Abdominal injury: Peritonitis can develop as a 
response to foreign body and secondary to intes-
tinal perforation.

Bowel perforation and volvulus are less com-
mon but possible intra-abdominal 
complications.

Ascites can be a result of CSF malabsorption 
from the peritoneal cavity. It presents with 
abdominal discomfort and distention.

Incisional pain is to be expected and can be 
treated with acetaminophen and small amounts 
of opioids.

Pneumothorax is another rare but possible 
complication. The distal portion of the VP shunt 
is tunneled subcutaneously in the neck and tho-
rax before entering the peritoneal cavity. In obese 
patients, the tip of the tunneling catheter may 
inadvertently enter the chest cavity causing pneu-
mothorax, subcutaneous emphysema, and even 
acute pneumocephalus. Most of the time, how-
ever, pneumocephalus is usually a delayed event, 
presenting months after VP shunt insertion. In 
this case, it occurs as a result of skull base defect, 
visceral perforation, or skin defect. The negative 
ICP allows intracranial air collection, similarly to 
CSF fistula. Beware that pneumothorax at the 
time of surgery can lead to developing a subcuta-
neous emphysema and that air can track into the 
subdural space.

Question 16:
What are some possible non-surgical therapies of 
hydrocephalus?

Answer:
Hydrocephalus is typically a surgical disease. 
Medical management can aim to decrease the 
rate of CSF formation such as with acetazol-
amide which slows the rate of CSF production in 

patients with a slight mismatch of production and 
absorption. Most commonly it is used for benign 
extra-axial CSF collection and transient postop-
erative inflammatory meningitis with impairment 
in CSF resorption.

Multiple Choice Questions
 1. A 3-month-old baby presents for emergent 

external ventricular drain placement. Mom 
states the infant was born full term, poor 
weight gain but otherwise was doing well, 
irritable since this morning and noticed abnor-
mal eye movement. CT head reveals large 
intraventricular mass with obstructive hydro-
cephalus. In the ED IV placement was 
attempted but unsuccessful. On exam, you 
find a malnourished, irritable baby, “sun 
downing gaze” and anterior fontanel is full—
How would you like to induce this baby?
 (a) Mask induction, followed by PIV
 (b) Suction stomach and proceed with mask 

induction
 (c) Obtain a PIV and IV induction
 (d) IM ketamine, followed by PIV placement 

and IV induction
Answer: c

The safest way to induce this infant would 
be to obtain an IV access, followed by iv rapid 
sequence induction with propofol and 
rocuronium. This baby is presenting with 
obstructive hydrocephalus with evidence of 
acutely elevated ICP and is thus at increased 
risk of aspiration of gastric content. In the set-
ting of a dehydrated patient and difficulty in iv 
access, another option would be decompress-
ing stomach with soft suction catheter, fol-
lowed by mask induction with volatile 
anesthetic and iv placement. An important 
consideration is that mask induction in a 
patient who is dehydrated will cause acute 
hypotension and in the setting of acutely ele-
vated ICP this will compromise cerebral per-
fusion. The use of ketamine and 
succinylcholine is controversial in the setting 
of elevated ICP.  Recently there is evidence 
that ketamine can be safely administered in 
patient with elevated ICP.  Administration of 
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succinylcholine increases ICP transiently but 
can be abolished with the administration of 
non-depolarizing muscle relaxants.

 2. After induction the infant is hypotensive, what 
is your next step?
 (a) IV phenylephrine
 (b) IV ephedrine
 (c) IV glycopyrrolate
 (d) IV fluid bolus of isotonic solution 20 mL/kg
Answer: d

This infant is likely dehydrated, and hypo-
tension should be treated with fluid bolus 
20 mL/kg with an isotonic fluid like Plasma-
Lyte. It is best to avoid hypotonic solutions 
like lactated Ringers, which may further 
worsen cerebral edema. If isotonic solution 
like Plasma-Lyte is not available, mild hyper-
tonic solution like 0.9% normal saline is 
acceptable, but excessive administration of 
normal saline contributes to hyperchloremic 
metabolic acidosis.

 3. Mom also reports that the infant has been spit-
ting up more often recently and he was placed 
on omeprazole, but this did not help. How 
would you asses his fluid status?
 (a) You cannot assess fluid status
 (b) Poor capillary refill
 (c) Electrolytes values
 (d) Urine output
Answer: d

Both capillary refill and urinary output can 
be used to assess fluid status. In small chil-
dren, decreased urine output is probably the 
first sign of dehydration. Poor capillary refill 
is the late sign of dehydration due to tissue 
hypoperfusion.

 4. You are evaluating a 15-year-old patient for 
a urological procedure. PMH consists of 
myelomeningocele which was repaired as 
an infant. He had neurogenic bladder and 
has had many surgeries in the past. He is 
wheelchair bound and has patchy sensation 
L2 and below and poor muscle tone. During 
the intraoperative period, he is at increased 
risk for:
 (a) Rebound hypertension
 (b) Anaphylaxis/anaphylactic shock

 (c) Respiratory complication
 (d) Cardiac complication
Answer: b

In patients with neural tube defects, neuro-
genic bladder is common, which requires self-
catheterization and multiple surgeries where 
they might be exposed to latex. Caregivers of 
these children should avoid latex products to 
avoid eventual development of latex sensitivity.

 5. This patient is also at risk for what other neu-
rological condition?
 (a) Chiari malformation type II
 (b) Seizure disorder
 (c) Cerebrovascular disease
 (d) Chronic headache
Answer: a

Chiari malformation type II is frequently 
associated with myelomeningocele. Also, 
85–95% of myelomeningocele patients 
develop hydrocephalus and require VP shunt 
placement.

 6. You are taking care of an infant from the neo-
natal ICU for a VP shunt placement. The case 
has started, you are warming the infant with 
an underbody Bair Hugger, which is set at 
41°, the OR temperature is at 68°, and the 
esophageal temp probe is reading 35°. What 
do you think is the most likely cause?
 (a) False reading and disregard
 (b) Due to excessive heat loss
 (c) Due to cold IV fluid
 (d) Due to room temperature
Answer: b

There could be multiple reasons for this 
infant being cold on this scenario. Neonate 
and small children are at increased risk for 
hypothermia as they lose excessive body heat 
through body exposure to the cold operating 
room  condition, especially for VP shunt place-
ment, where head and abdomen are exposed. 
Head in neonate is larger than the body and 
thus has greater surface area. Especial precau-
tion should be undertaken to keep neonate 
warm, such as keeping the operating room 
temperature > 70° and using warm irrigation 
for the surgical wound. Hypothermia is related 
to increased surgical site infection, delayed 
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wake-up, arrhythmias, bleeding, poor tissue 
perfusion due to vasoconstriction and apneas 
in neonate.

 7. You finished a case of emergent VP shunt 
placement on a 20-year-old, and you dropped 
the patient off to PACU.  He was not com-
pletely wake when you dropped him off, it’s 
been 30 min now and the PACU RN is calling 
you that the patient is still not awake. Vital 
signs are stable, pupils equal, small but not pin 
point. He received 150 μg fentanyl and 0.5 mg 
dilaudid in the OR, what is the next most 
appropriate step?
 (a) Administer naloxone
 (b) Rush to CT
 (c) Send electrolytes
 (d) Get MRI
Answer: a

The most likely immediate postoperative 
complications after VP shunt placement are 
bleeding into the ventricle, overdrainage of 
CSF, and obstruction/malfunction. Like any 
other neurosurgical procedure, it is 
extremely important to wake the patient up 
immediately after surgery for proper neuro 
assessment. In this case, the first thing to 
rule out is excessive intraoperative narcotic 
administration with iv naloxone starting 
with 0.5–1  μg/kg. If the patient does not 
respond after naloxone, he needs to be eval-
uated with a stat CT scan. It is hard to obtain 
an MRI and time consuming. Minor changes 
to electrolytes should not cause delayed 
wakening, unless there were any concern 
prior to surgery, e.g., hyponatremia and 
hypoglycemia.
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Management of Patient 
with Lumbar PIVD

Adam Yu Yuan and Saket Singh

Stem Case Terminology
Sixty-eight years old Caucasians male present 
in preoperative unit in the morning with chief 
complain of CBP, lumbar spinal stenosis, and 
spinal instability. L2-L4 laminectomy and T12- L5 
pedicle screws spinal instrumentation and fu-
sion. His past medical history includes OSA on 
CPAP, mild COPD, HTN, CAD s/p two stent 
placements in middle LAD and RCA, type 2 di-
abetes mellitus with peripheral neuropathy, CRI, 
and GERD. The patient is 6′1″ tall and 340 lbs 
in weight with body mass index (BMI) 44.9, had 
42 pack year smoking history and is still smok-
ing 1 pack a day, 4 cases of beer per week. Had 
multiple back surgeries in the past, including L45 
discectomy in 20 years ago, L34 discectomy, and 
L4–5 laminectomy 8 years ago. Also had PSHx of 
ACD and fusion of C4–5 and C5–6, PTCA, ORIF 
of left leg. His home medications include meto-
prolol, lisinopril, ASA, oxycontin, gabapentin, 
metformin, robaxin, and occasionally albuterol 
inhaler. Patient took metoprolol and lisinopril 
the morning of surgery.

PE on admission: BP 189/98  mmHg, HR 
58 bpm, RR 28/min, T 36.9. Airway MP 3 with 
multiple decayed teeth, no limitation of neck 
movement, CTA bilateral lungs, heart regular 

with mild systolic murmurs. Mild numbness 
on all distal extremities due to peripheral neu-
ropathy, unable to lay flat due to back pain. 
Bilateral LE pain with claudication.

CBC: HB 8.4, Platelet 120, BMP: Na 138, K 
3.6, BUN 35, Cr 1.4, Glu 188. EKG: SR with 
occasional PVC and V3, V4, V5 Q-wave which is 
unchanged comparing to his old EKG. Recent 
adenosine stress test with perfusion: LVEF 50% 
with mild LV diastolic dysfunction. RV normal 
in function. Small fixed perfusion defect was 
found in antero-inferior area. MRI lumbar spine 
revealed L1-L5 stenosis, L34, L45 spondylolisthe-
sis, osteoarthritis in multiple intervertebral 
edges with root canals narrowing.

12.1 Preoperative

Question 1:
You got a call from the surgeon’s office regarding 
the preoperative medication management for this 
patient. What are your recommendations?

Answer:
ACE inhibitors or ARA preoperatively are asso-
ciated with increased incidence of refractory 
intraoperative hypotension. It is widely accepted 
that for patients currently taking ACE inhibitor or 
ARA that are scheduled for surgery, the medica-
tion should be stopped on the morning of surgery 
or the day before. After surgery, ACEI or ARA 
should be restarted with oral intake [1, 2]. While 
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for those who are taking beta blockers, it should 
not be stopped and patient should continue to 
take it. Gabapentin and acetaminophen should 
be continued, since multiple studies suggest that 
preoperative use was able to reduce postoperative 
pain and total narcotic consumption [3, 4].

Question 2:
During your preoperative evaluation, patient 
mentioned that someone has recommended 
donating his own blood for his surgery. Patient 
asks about the benefit of preoperative autolo-
gous donation (PAD), and what you can do to 
decrease the risks of allogenic transfusion. How 
would you respond to the patients request and 
why?

Answer:
PAD was initially popular in the 1980s when 
concern for transfusion-transmitted HIV was 
high; however, it has since become less useful 
given the reduced risk of transfusion-related 
infections and new realization about the disad-
vantages of receiving stored blood. Current indi-
cations for PAD are mostly limited in patients 
who are difficult to find compatible blood types, 
those who refuse to receive allogenic transfusion, 
and adolescent scoliosis surgery. Preoperative 
erythropoietin is usually used for PAD since 
it has been shown to increase the tolerance for 
repeat donations. Iron supplementation is gener-
ally not helpful unless the patient is known to 
be iron deficient prior to PDA. Other autologous 
transfusion includes acute normovolemic hemo-
dilution (ANH) and intraoperative blood salvage 
(IOBS). ANH is the process of extracting mul-
tiple units of blood immediately before surgical 
incision while maintaining euvolemia with crys-
talloids or colloid supplementation. However, a 
large meta-analysis documented no significant 
decrease in the need for allogenic blood prod-
ucts. IOBS involves the collection of noncon-
taminated shed blood in surgical field, which 
is filtered and washed prior to reinfusion. Over 
the past decade, RBC salvage techniques have 
improved drastically and now offer an efficient, 
cost-effective, and safe method for perioperative 
blood conservation [5, 6].

Question 3:
Patient told you that he had trouble swallowing 
for a while after his neck surgery, and he was ask-
ing you why did that happen?

Answer:
Dysphagia is a common complication of anterior 
cervical spinal surgery. The incidence of postop-
erative dysphagia may be as high as 71% within 
the first two weeks after surgery, but gradually 
decreases during the following months. However, 
12–14% of patients may have some persistent 
dysphagia over one year after the procedure. It 
has been shown that female gender, advanced 
age, multilevel surgery, longer operating time, 
and severe preoperative neck pain may be risk 
factors. Although the etiology remains unclear 
and is probably multifactorial, proposed causes 
include esophageal retraction, prominence of 
the cervical plate, and prevertebral swelling. 
Recently, preoperative tracheal traction exercises 
and the use of retropharyngeal steroids have been 
proposed as methods of reducing postoperative 
dysphagia [7].

Question 4:
Surgeon requested electrophysiological moni-
toring during surgery for patient’s safety. 
What monitors are you expecting the surgeon 
to use?

Answer:
The modern technical development enabled the 
more accurate neurophysiological monitoring of 
nervous system. Neurophysiological monitoring 
is currently common and standard practice for 
the intraoperative safety of neurosurgical pro-
cedures. For spinal surgery, the most frequently 
used techniques for intraoperative monitor-
ing include somatosensory evoked potentials 
(SSEPs), motor evoked potentials (MEPs), and 
electromyography (EMG). EMG can either be 
spontaneous free-running (sEMG) or triggered 
(tEMG). All these above monitors are featured 
with the surgical site locating between the trig-
ger point and recording site. While EEG is also 
used in many neurosurgeries, it basically reflects 
the cortical neuroelectric change, not usually for 
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spinal monitoring. SSEPs use peripheral nerve 
stimulation and central recording on either cor-
tex or subcortical level at upper spine to moni-
tor the sensory pathway from peripheral nerve, 
nerve root, dorsal columns in spinal cord, all 
the way to sensory cortex area. Any functional 
injury on the pathway may cause change in 
amplitude or latency of the recorded waveform. 
MEP is recording in the reverse direction from 
stimulation on motor cortex to anterior cortico-
spinal tract, nerve root and all the way to the 
muscle. While the specificity of SSEP is rela-
tively high but the sensitivity is relatively low, 
the MEP is with higher sensitivity. Multimodal 
monitoring was reported to have higher sensitiv-
ity and specificity. sEMG and tEMG are both 
used for monitoring the function of nerve roots, 
specifically during the pedicle screw placement 
[4, 8].

12.2 Intraoperative

Question 5:
The surgeon decided that the MEP was needed 
for intraoperative monitoring. How would you 
tailor the anesthetic plan for this patient, compare 
it to management if other modalities were used?

Answer:
MEP is the most vulnerable monitoring in 
response to inhalational agents due to the nature 
of weak stimulating reception to certain motor 
conduction. While the intravascular agents have 
less effect, the inhalational agents are usually 
limited to below 0.3–0.5 MAC. Muscle relaxant 
is avoided in MEP [4, 9].

All anesthetics affect nervous system, they 
also affect the neurophysiological monitors in 
different degree (see the Table below).

Effects of various anesthetic agents on neurophysiological monitoring
Anesthetic agents SSEPs MEPs EMGs
Inhalational agentsa

  0.5 MAC + ++/+++ +/−
  Over 1 MAC ++/+++ +++/++++ +/−
Propofol + + +/−
Etomidate +/− − −
Ketamine +/− − −
Benzodiazepines + + −
Opioids +/− + −
Muscle relaxants − Not use Not use

aInhalational agents include isoflurane, sevoflurane, and desflurane

The amplitude and latency of SSEP waveform 
are usually monitored. It is minimally affected by 
low level inhalational agents up to 1 MAC, as 
well as intravascular agents, while higher con-
centration of inhalational agents or big bolus of 
intravascular agents causes significant SSEP 
waveform change. The peripheral nerve monitor-
ing and EMG are much less affected by anesthet-
ics, but muscle relaxant is avoided in the motor 
nerves and EMG.

12.3 Postoperative

Question 6:
What are the risk factors for postoperative visual 
loss (POVL) according to the American Society 

of Anesthesiologists Task Force on Perioperative 
Visual Loss practice advisory?

Answer:
POVL is rare but devastating complication asso-
ciated with a variety of non-ocular surgeries 
including cardiac, spine, and major orthopedic 
procedures. The incidence of POVL in poste-
rior approach spinal surgeries is the next high-
est following cardiac surgeries. Types of POVL 
after spine surgery included ischemic optic neu-
ropathy (ION), central retinal artery occlusion 
(CRAO), and cortical blindness. While the etiol-
ogy of ION in spine surgery remains unclear, risk 
factors include male sex, obesity, use of Wilson 
frame, longer anesthetic duration, greater blood 
loss, and a lower percentage of intravenous col-
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loids in the fluid administration. POVL due to 
CRAO in spine surgery is associated with peri-
orbital trauma from improper patient position-
ing or external compression on the eye. Cortical 
blindness is the least frequent cause on POVL 
and is usually associated with pediatric cases. 
Significant recovery of vision after POVL in 
spine surgery is rare, and there are currently no 
established treatments [4, 10, 11].

Question 7:
What is the most common reason for POVL for 
patients who are undergoing spinal surgeries?

Answer:
In spinal surgeries, the most common reason for 
POVL is ION (mostly posterior ION in spinal 
surgeries vs. anterior ION in cardiac surgeries).

Question 8:
Peripheral nerve injury is always a concern for 
neuro or orthopedic surgeries. Which of the 
peripheral nerve is the most common nerve being 
affected during surgery?

Answer:
Peripheral nerve injury during the periopera-
tive period can occur when a nerve is subjected 
to stretch, compression, hypoperfusion, direct 
trauma, exposure to neurotoxic material, or a 
combination of these factors. The severity of the 
nerve injury is related to the degree and dura-
tion of the ischemic insult. While the majority 
of this kind of nerve injury are temporary, it can 
be severe and permanent. Established peripheral 
neuropathy, pre-existing (may be subclinical) 
peripheral neuropathy, profound hypothermia, 
hypovolemia, hypotension, hypoxemia, electro-
lyte disorders, malnutrition, small or large body 
mass index (BMI), tobacco use, and anatomical 
variants (such as the presence of cervical ribs) 
may increase the susceptibility of peripheral 
nerves to perioperative injury. Anesthesia-related 
peripheral nerve injuries are usually related to 
improper patient position or padding, or regional 
nerve block. The ulnar nerve is the most vulner-
able one due to its special anatomy. The ulnar 
nerve is the only nerve locating on the exten-
sive aspect of joint and superficial on prominent 

bony surface. Male tend to be affected more than 
female patients. The other nerves that are more 
likely injured perioperatively include brachial 
plexus and common peroneal nerve [12].

Question 9:
At the beginning of surgery, you asked the CRNA 
to give dexamethasone for antiemetic prophy-
laxis, and surgeon expressed the concerns of 
wound infection and bone graft healing. What 
should you tell the surgeon regarding the current 
concept of intraoperative steroid use?

Answer:
The synthetic glucocorticoid dexamethasone is 
widely used as a first-line antiemetic in the peri-
operative period. Due to its nature of immune 
suppression and hyperglycemic effect, the con-
cerns of increased risk of infection and delayed 
wound healing always exist. Tremendous stud-
ies in this topic have been done, and so far, no 
evidence indicates that single dose perioperative 
dexamethasone increase the risk of infection 
and wound healing as well as bone graft heal-
ing. However, it was suggested to be cautious 
in using dexamethasone in patients who are in 
higher risk of infection, such as diabetic patients 
[13, 14].

Question 10:
After surgery, you were called by PACU nurse 
that the patient felt pain and sensation of for-
eign body in his left eye, you carefully examined 
patient and found redness and tearing in his left 
eye. What will be your diagnosis and your subse-
quent management?

Answer:
Corneal abrasion is the most common periop-
erative ocular complication for anesthesia and 
is more concerned in spinal surgery patients 
due to the prone position and multiple turning 
of patient. The etiologies may include mechani-
cal scratching and chemical burning of cornea. 
It is prudent to well protect the eyes periopera-
tively. Usually taping eyes lids close or goggle 
protection are necessary. Careful in manipulat-
ing any activities around face is important, such 
as intubation or moving patients. However, the 
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management of corneal abrasion postopera-
tively includes careful examination of the eyes 
to exclude the foreign body or other pathologies 
first. Ophthalmic antibiotic ointment/solution 
can be applied on cornea and patch covering the 
affected eye if corneal abrasion is confirmed. An 
ophthalmologist should be notified or consulted 
if the abrasion is severe or other possible ocu-
lar abnormality could not be excluded. Explain 
and reassure to the patient that corneal abrasion 
sometime happened perioperatively and is usu-
ally resolved with 24–48  h, and consult oph-
thalmologist if the symptoms persist. Topical 
application of anesthetic drops and steroids 
to the cornea is contraindicated because these 
drugs retard healing [15].

Question 11:
Due to the major back surgery and the patient’s 
history of chronic narcotic use, what approach 
would be most appropriate to decrease postop-
erative pain and narcotic need?

Answer:
Perioperative pain managements in patients who 
are having major spinal fusion remain mostly 
unchanged for decades. Parenteral narcotics are 
still playing the major role in this area. The great-
est challenge to managing major back surgeries 
is the need to provide superior analgesia with 
minimal side effects and early mobilization. To 
achieve this goal, the multimodal approach to 
analgesia using various drugs and techniques has 
been widely studied and become popular in recent 
years. The multimodal perioperative analgesia 
management was designed to target different 
pathway of pain and enhance the early function-
ing recovery. Preoperative acetaminophen and 
gabapentin have been shown to reduce pain score 
and decrease opioid use in spinal surgery [3, 16, 
17]. Low dose ketamine or lidocaine infusion 
may also be effective at improving postopera-
tive pain control after complex spinal cases or in 
patients with chronic pain and opioid tolerance 
[16, 18–20]. Wide variety of other adjuvants has 
been studied and used in perioperative analgesic 
control of this group of patients, which include: 
cyclooxygenase-2 (COX-2), steroids, alpha-2 
agonists, magnesium, neuroleptics, etc. Use of 

nonsteroidal anti-inflammatory drugs (NSAIDs) 
for analgesic control in spinal surgery has been 
controversial and the concerns about bleeding 
and bone graft healing still exist. However, nar-
cotics remain the cornerstone for perioperative 
analgesia control in spinal surgery. Intraoperative 
and postoperative titration of iv opioid to achieve 
the level of anticipated pain should be managed 
carefully [16, 17, 20, 21].

Question 12:
Surgeon discussed with you preoperatively about 
possible medication that could help to decrease 
blood loss perioperatively. What should be your 
recommendation?

Answer:
Massive bleeding is always a concern in major 
spinal surgery. Every effort should be taken to 
minimize perioperative bleeding, i.e., avoiding 
preoperative anticoagulants, careful position 
to avoid abdominal pressure, avoiding venous 
return blockage, etc. Antifibrinolytic agents have 
been always a focus to be used in decreasing 
perioperative hemorrhage. A meta-analysis of 
commonly used antifibrinolytics agents apro-
tinin, tranexamic acid, and Ɛ-aminocaproic acid 
showed that these agents were able to reduce 
perioperative blood loss and transfusion require-
ments in spine surgery. However, tranexamic 
acid seems superior to the other two in periop-
erative prophylaxis of hemorrhage. There was no 
evidence that the antifibrinolytic agents increase 
the risk of thromboembolism in spine surgery 
[22]. Protamine is used in reversing the antico-
agulating effect of heparin only. Prothrombin 
complex concentrate is an expensive blood clot-
ting factors concentrate, usually reserved for 
patients who are having certain clotting factor 
deficiency or in certain critical massive bleeding 
patients. It is not indicated for prophylactic use. 
Aprotinin or Ɛ-aminocaproic acid are preferred 
antifibrinolytic agents to be used in spinal sur-
gery for the purpose of decreasing perioperative 
bleeding.

Question 13:
Perioperative glucose management for spine sur-
geries. What approach do you recommend?
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Answer:
A substantial body of literature demonstrates a 
clear association between perioperative hyper-
glycemia and adverse clinical outcomes [23]. 
It was shown that diabetes increases the risks 
of postoperative mortality, surgical site infec-
tion, deep venous thrombosis, and a prolonged 
hospitalization time after spinal surgery [24]. 
Insulin administration intra- and postopera-
tively has been shown to improve clinical out-
comes. It was recommended that perioperative 
blood sugar should be controlled between 180 
and 140 mg/dL in non-cardiac surgery [23, 25]. 
While perioperative hyperglycemia mostly hap-
pens in diabetic patients, 12–30% of the hyper-
glycemia are stress hyperglycemia which could 
be differentiated from the undiagnosed diabetes 
by A1c level [23].

Question 14:
Which of the following is not a risk factor for 
respiratory complications in spinal surgeries?

Answer:
Respiratory complications following surgery are 
a major cause of increased length of stay and peri-
operative morbidity and mortality. It was widely 
accepted that respiratory complications are more 
common after surgeries with extended surgical 
time, abdominal surgery, and thoracic surgery 
[26]. Recent study revealed that the spinal sur-
geries are also accompanied by increased respira-
tory complications. Patients who have a history 
of smoking, COPD, or diabetes mellitus are at a 
greater risk for respiratory complications follow-
ing lumbar spine surgery. No evidence that renal 
insufficiency increases the risk of respiratory 
complication. Patients undergoing spinal fusion 
procedures have higher respiratory complica-
tion rates than those undergoing discectomies 
or laminectomies. Furthermore, patients under-
going multilevel fusion have greater respiratory 
complication rates than those undergoing single 
level fusion, especially among older patients. The 
most morbid postoperative respiratory complica-
tions include pneumonia, respiratory failure, atel-
ectasis, and exacerbation of underlying chronic 
lung disease [26, 27].

Question 15:
What are the common risk factors of infections 
after spinal surgeries?

Answer:
Postoperative spinal wound infection is a poten-
tially devastating complication after spine pro-
cedures. Tremendous amount of studies have 
been conducted to better recognize the risk 
factors which may help decrease the infection 
rate in spinal surgeries. Numerous factors were 
identified by studies as the potential influences 
on the development of postoperative infection. 
They could be divided in unchangeable (patient-
related) and changeable (procedure-related) 
factors. The unchangeable risk factors include: 
patient’s age (older than 70 years), ASA score, 
and medical conditions such as diabetes mel-
litus, cardiovascular disease, obesity, smok-
ing, malignancy, steroid use, previous lumbar 
surgery, nutritional status, chronic obstructive 
pulmonary disease, immunologic competency. 
The changeable risk factors mainly include: 
duration of surgery, estimated blood loss, trans-
fusions, use of instrumentation, multiple staged 
interventions, amount of levels fused, duration 
of patient stay in the postanesthesia care unit, 
prolonged preoperative hospital stay, and a 
large number of people in the operating room 
during the surgical procedure (specifically the 
number of nurses). Not all risk factors can be 
eliminated, but preoperative modification of the 
changeable risk factors can lead to decrease in 
infection rate [28–30].

Patient’s age (older than 70 years).

Multiple Choice Questions
 1. Perioperative medication management should 

include all those following except:
 (a) Stop taking aspirin 7 days before surgery
 (b) Continue metoprolol until the morning of 

surgery
 (c) Take his morning lisinopril on the day of 

surgery
 (d) Take his morning gabapentin on the day 

of surgery with a sip of water
 (e) Can also take tylenol in the morning of 

surgery
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Answer: c
It is widely accepted with evidences that 

for patients who are currently taking ACE 
inhibitor or ARA scheduled for  surgery, the 
medication should be withdrawn on the morn-
ing of surgery.

 2. The surgeon decided that the MEP was needed 
for intraoperative monitoring. Which of the 
following anesthesia plan is not appropriate 
for this patient?
 (a) 1 MAC of inhalational agent will be used 

to maintain anesthesia.
 (b) Muscle relaxant is being avoided during 

surgery.
 (c) Radial arterial line is to be placed after 

intubation.
 (d) Remifentanil infusion is an option for 

analgesic management.
 (e) Propofol infusion is used for this patient.
Answer: a

MEP is the most vulnerable monitoring in 
response to inhalational agents due to the 
nature of weak stimulating reception to certain 
motor conduction. While the intravascular 
agents have less effect, the inhalational agents 
are usually limited to below 0.3–0.5 MAC.

 3. According to American Society of 
Anesthesiologists Task Force on Perioperative 
Visual Loss practice advisory, all of the fol-
lowing risk factors are reported to be related 
to postoperative vision abnormality in the spi-
nal surgery patients, except
 (a) Duration of surgery
 (b) Blood loss
 (c) Hypertension
 (d) Use of Wilson spine frame
 (e) Male patient
Answer: c

Risk factors include male sex, obesity, use 
of Wilson frame, longer anesthetic duration, 
greater blood loss, and a lower percentage of 
intravenous colloids in the fluid 
administration.

 4. Due to the major back surgery and the 
patient’s history of chronic narcotic use, what 
approach is not appropriate for the patient in 
order to decrease postoperative pain and nar-
cotic need?

 (a) Intraoperative continuous lidocaine 
infusion.

 (b) Routine perioperative NSAID use is 
recommended.

 (c) Ketamine has been proved to be benefit.
 (d) Magnesium can decrease muscle cramp-

ing and thus is helpful in postoperative 
pain.

 (e) Narcotic is still needed if necessary.
Answer: b

Use of NSAIDs for analgesic control in 
spinal surgery has been controversial and the 
concerns about bleeding and bone graft heal-
ing still exist.

 5. Regarding hyperglycemia management in this 
patient, which statement is not appropriate 
based on current consensus.
 (a) No evidence that suboptimal control of 

hyperglycemia leads to increased risk of 
infection and poor outcomes in spinal 
surgery.

 (b) Patient with diabetes have a higher risk of 
infection when undergoing spinal surgery 
than patients without diabetes.

 (c) Diabetes increases the risks of postopera-
tive mortality, surgical site infection, and 
deep venous thrombosis.

 (d) Insulin should be used on this patient to 
control the BS between 180  mg/dL and 
140 mg/dL, and perioperative monitoring 
of BS is important.

 (e) A1c can be used to differentiate the stress 
hyperglycemia and undiagnosed 
diabetes.

Answer: a
Hyperglycemia increases the risks of 

postoperative mortality, surgical site infec-
tion, deep venous thrombosis, and a pro-
longed hospitalization time after spinal 
surgery.
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Management of Patient 
with Moyamoya Disease

Elias Nammour and Eman Nada

Stem Case Terminology
A 45-year-old male patient with moyamoya dis-
ease (MMD) is scheduled for a superficial tem-
poral to middle cerebral artery (MCA) bypass. 
He has a past medical history of hypertension 
and stroke with residual left arm weakness.

13.1 Preoperative

Question 1:
What is moyamoya disease?

Answer:
Moyamoya disease (MMD) is a progressive, 
occlusive disease of the distal internal carotid 
arteries (ICA) associated with secondary steno-
sis of the circle of Willis, which may include the 
posterior cerebral arteries. The vessel stenosis 
results from hyperplasia of smooth muscle and 
luminal thrombosis. Moyamoya is a Japanese 
word that means a “puff of smoke,” which refers 
to the image seen on angiography. This image is 
seen due to the formation of reticular anastomo-

sis and collaterals between the internal and exter-
nal carotid arteries [1–3].

Question 2:
What is the clinical picture of MMD?

Answer:
MMD has an ethnic and familial predisposition. 
It is highest in Japan, Korea, and other Asian 
countries compared to the rest of the world. It 
also has a female predominance [4]. The main 
presentation is transient ischemic attacks (TIAs), 
ischemic stroke, and headache. Less common 
symptoms include seizures, choreiform move-
ments, intracranial hemorrhage, and rarely cog-
nitive decline and visual impairment [2, 5].

MMD is a progressive disease that involves 
symptomatic progression in approximately two- 
thirds of patients over a 5-year period [6].

Question 3:
What are the treatment options of MMD?

Answer:
Medical management is used to prevent the 
occurrence of ischemic events. It includes the use 
of antiplatelet medications and vasodilators such 
as calcium channel blockers and pentoxifylline 
[1, 5, 7–9].

Question 4:
What are the surgical techniques used for 
revascularization?
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Answer:
The surgical treatment is indicated in patients 
with recurrent or progressive cerebral ischemic 
events and reduced cerebral perfusion. It relies 
mainly on bypassing the obstructed blood ves-
sels, either directly or indirectly [1, 10–12].

Direct Bypass Procedures: The direct bypass 
technique is the most commonly done procedure. It 
entails anastomosing the superficial temporal artery 
(STA) to MCA (Fig. 13.1). It remains the primary 
treatment option for adults with MMD and can be 
used in conjunction with several other surgical pro-
cedures if necessary.

An alternative procedure is the combined 
external carotid artery (ECA) internal carotid 
artery (ICA) bypass. Direct bypass procedures 
are usually done in adults as it is technically dif-
ficult to conduct in children [13, 14].

Indirect Bypass Procedures: 
A variety of procedures exist as the following:
• Encephaloduroarteriosynangiosis (EDAS): A 

procedure in which the STA is mobilized and 
then sutured to the edges of the opened dura.

• Encephaloduroarter iomyosynangiosis 
(EDAMS): It is a modification of EDAS that 
combines the placement of temporalis muscle, 
a segment of STA or middle meningeal artery 
and a section of a galeal flap over the involved 
cerebrum to promote angiogenesis.

• Dural flaps created are folded into the dural/
epiarachnoid space with middle meningeal 
neovascularization formation.

• Pial synangiosis: A branch of the STA is 
sutured directly into the pial surface.

• Encephalomyosynangiosis (EMS): An indi-
rect revascularization procedure in which tem-
poralis muscle is attached to the surface of the 
brain to promote collateral vessel formation.

• Drilling of burr holes without vessel 
synangiosis.

They are used more commonly in children due 
to the difficulty to anastomose the small arteries 
[1, 15, 16].

Other Procedures: Cervical sympathectomy, 
and omental transposition symptomatic hyper-
perfusion owing to increased cerebral blood flow 
(CBF) [3, 10, 17]

Question 5:
What are the preoperative anesthetic consider-
ations for MMD?

Answer:
History, exam, and workup should be used to find 
the relevant information. History of strokes, TIA, 
and seizures should be reviewed. The presence 
of motor deficits and cognitive deficits should be 
documented. Antiseizure medications and cal-
cium channel blockers should be continued until 
the day of surgery. Low-dose aspirin is continued 
at some centers until the day of surgery while at 
others, it is stopped 7–10 days before the surgery 
and replaced with low molecular weight heparin 
(LMWH). Aspirin is restarted after the surgery on 
the first postoperative day [10, 11, 18]. The radio-
logical workup should be thoroughly reviewed. 
Computed tomography (CT) and magnetic reso-
nance imaging (MRI) will show evidence of 
infarcts. MRA and cerebral angiography will 

Middle
Cerebral
Artery

Superficial
Temporal
Artery

External
Carotid
Artery

Fig. 13.1 Cerebral artery bypass procedure. Anastomosis of 
the superficial temporal artery to the middle cerebral artery
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show signs of low perfusion or cerebrovascular 
reactivity [2, 19]. Premedication for anxiolysis is 
especially beneficial in children. Crying causes 
hyperventilation, hypocapnia, and cerebral isch-
emia. TIAs induced by crying or exercise were 
reported in children [10, 20–22]. Preoperative 
hydration may be helpful in avoiding the devel-
opment of the postoperative ischemic complica-
tion [10].

13.2 Intraoperative

Question 6:
What are the anesthetic goals in patients with 
MMD?

Answer:
The main goal of anesthesia for MMD disease is 
to preserve the balance between O2 supply and 
demand of the brain. CBF should be maintained 
by avoiding hypotension, maintaining normocar-
bia, and avoiding an increase in cerebral oxygen 
consumption (CMRO2) [2, 10, 23].

Autoregulatory response to hypotension is 
substantially diminished in children compared 
with adults. Reduction of CBF is better tolerated 
in adults than children who have higher CMRO2. 
Children with MMD have higher oxygen extrac-
tion ratio than adults, explaining the higher fre-
quency of ischemic symptoms [23–25].

Question 7:
What are the anesthetic considerations in a 
patient with MMD?

Answer:
The general anesthetic considerations in a patient 
with MMD are:

• Strict control of the cerebral perfusion pres-
sure (CPP)

• Carbon dioxide control
• Temperature control
• Maintenance of hemoglobin level

Question 8:
What are your choices of anesthetic medications?

Answer:
Propofol or etomidate are preferred for induction 
because they decrease both the cerebral meta-
bolic rate for oxygen (CMRO2) and CBF in a 
dose-dependent fashion. Also, because they are 
cerebral vasoconstrictors, there is no risk of steal 
phenomenon. Propofol produces higher regional 
cortical flow and lower intracranial pressure than 
sevoflurane [26]. However, there were no differ-
ences in the postoperative complications between 
the incidence of early postoperative complica-
tions under inhaled anesthesia versus total intra-
venous anesthesia [27–31].

Question 9:
How do you manage the hemodynamics 
intraoperatively?

Answer:
Besides the use of standard American Society 
of Anesthesiologists (ASA) monitors, advanced 
monitoring methods may be needed. Meticulous 
monitoring of the blood pressure and volume 
status are best done using an invasive arterial 
pressure catheter. A fall in mean arterial blood 
pressure will result in a decrease in CBF and CPP 
with resultant cerebral ischemia.

The autoregulation of CBF to the ischemic 
cerebral areas in MMD is impaired and is totally 
pressure dependent. Thus, during the revascular-
ization techniques, the blood pressure is main-
tained in the normal to the higher side. 
Hypotension during the procedure may lead to 
ischemia and later to thrombosis of the bypass 
graft. Reduction in CBF is especially poorly tol-
erated in children who have a higher cerebral 
metabolic rate and diminished autoregulatory 
response [2].

Hypertension may lead to bleeding especially 
at the site of the anastomosis. The optimal or best 
level of arterial blood pressure is difficult to 
define. It is recommended to keep the blood pres-
sure within 10–20% of the preoperative estab-
lished baseline blood pressure for all patients [2, 
21, 23, 32–34].

The intravascular volume should be kept in 
the range of hypervolemia. Ischemic complica-
tions were noted to occur in patients who had 
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lower urine output compared to those with greater 
urine output. Monitoring the volume status using 
pulse pressure variations can help differentiate 
the causes of hypotension and in treating them 
accurately [10, 35, 36].

Cerebral ischemia can be monitored by 
electroencephalography (EEG), near-infrared 
spectroscopy (NIRS), and somatosensory-
evoked potentials. Transcranial Doppler (TCD) 
is used in a few centers. However, there is no 
evidence that the use of NIRS or TCD monitor-
ing leads to the earlier detection of cerebral 
ischemia or favorably impacts the outcome [2, 
10, 21, 36, 37].

Question 10:
What is the effect of hypo- and hypercarbia on 
patients with MMD?

Answer:
In MMD, the cerebral vasculature is already 
maximally dilated at ischemic tissues and in the 
collateral network of vessels, vasodilation of the 
normal vessels will result in decreased perfusion 
to the ischemic areas “intracerebral steal” [25, 
29]. During hypercapnia, a decrease in CBF may 
occur when other normal vessels vasodilate [29, 
36, 38]. The cerebrovascular response to hyper-
capnia is severely decreased over the cerebral 
cortices in patients with MMD [5, 24, 25, 29, 39]. 
On the other hand, hyperventilation with a PaCO2 
below 29 mmHg resulted in decreased regional 
CBF in children with MMD.  Intraoperative 
hypocapnia less than 35  mmHg was shown to 
be associated with delayed recovery of con-
sciousness and postoperative neurological 
deficits when compared with patients who had 
general anesthesia with PaCO2 between 40 and 
50  mmHg [36, 40]. Intraoperative and postop-
erative hypercapnia has been associated with an 
increased incidence of perioperative TIA [36]. 
Maintenance of normocapnia is generally rec-
ommended in revascularization procedures [32, 
41, 42].

Question 11:
What is the effect of anemia on patients with 
MMD?

Answer:
Severe anemia should be corrected. There is no 
consensus at what hematocrit the patient with 
MMD should be transfused. A hematocrit of 
30–42% has been proposed as adequate. On the 
other hand, polycythemia increases viscosity is 
regarded as a risk factor for cerebral infarction 
[34, 35, 43].

Question 12:
What is the effect of hypothermia on cerebral 
vessels during the revascularization of MMD?

Answer:
During STA-MCA bypass neuroprotective 
measures are used including mild hypothermia 
and burst suppression [41, 42, 44]. However, a 
marked drop in body temperature can induce 
cerebral vasospasm and rise may provoke the 
ischemic attack [45].

Question 13:
Towards the end of the procedure the surgeon 
asks for indocyanine green injection, what is 
indocyanine green, and why is it needed?

Answer:
Indocyanine (ICG) videoangiography is used as 
a noninvasive technique to assess the patency of 
the bypass graft. A microscope with an integrated 
ICG camera emits near-infrared light directly on 
the operative field, and the ICG fluorescences 
when excited by near-infrared light [46, 47].

ICG comes in 25 mg of preservative-free pow-
der, and it is used after dilution in 10 ccs of aque-
ous solvent; the usual dose range is 5–25 mg.

ICG can cause erroneous desaturation read-
ings on the pulse oximeter, and both anaphylactic 
and anaphylactoid reactions have been reported 
with its use [48, 49].

Question 14:
Can regional anesthesia be used in patients with 
MMD?

Answer:
Recent reports have reported that STA-MCA 
bypass can be done under local anesthesia [50].
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There are case reports of the use of spinal and 
epidural in labor and cesarean section in patients 
with MMD [51–54].

The use of scalp block during EDAMS sur-
gery in children age 3–13 years with MMD has 
been shown to provide calm awakening, better 
pain relief, and possibly reduced postoperative 
morbidity [55].

13.3 Postoperative

Question 15:
What are the postoperative considerations for 
patients after revascularization for MMD?

Answer:
After revascularization procedures, it is impor-
tant to avoid both hypertension which may cause 
bleeding and hypotension which may result in 
graft thrombosis. Postoperative intravenous fluids 
at one and one-half times the normal maintenance 
rate and starting aspirin on the first postoperative 
day is recommended [10]. Inadequate pain control 
may result in cerebral infarcts and can increase 
stress that may affect the bypass [34, 56].

Question 16:
What are the possible postoperative complications?

Answer:
Postoperative complications include new post-
operative ischemia, hyperperfusion, impaired 
wound healing, and subdural effusion, vascular 
bypass occlusion, bypass anastomotic aneurysm 
and scalp necrosis [57].

Question 17:
What are the risk factors for cerebral ischemia?

Answer:
Postoperative cerebral ischemia has been 
reported to happen in 3.5% in adults and 16.9% 
of pediatric patients. The mechanisms of stroke 
are usually related to hypoperfusion and/or the 
occurrence of artery-to-artery emboli [3, 36].

Previous history and the frequency of TIAs 
are the most important risk factor for the develop-

ment of ischemic complications. Low-density 
areas seen on preoperative CT scan are another 
risk factor. Intraoperative risk factors include 
hypercapnia, hypotension, decreased intraopera-
tive urinary output, and decrease in the hemato-
crit [31, 35, 36].

Surgically sparing the vital collateral vessels 
and minimum brain retraction are important to 
avoid perioperative complications [58].

Question 18:
How effective is the revascularization surgery in 
MMD?

Answer:
Revascularization surgery in patients with MMD 
has been found to be effective at preventing future 
ischemic events and improving the quality of life 
[59]. The risk for stroke after revascularization 
surgery in the first month is 4%. The cumulative 
5-year risk of perioperative or subsequent stroke 
or death is 5.5% from mostly direct bypass proce-
dures compared with 65% in symptomatic patients 
without surgery [12]. Comparing the revasculariza-
tion to no revascularization, there was a significant 
drop in the incidence of the strokes over 5 years [9]. 
There was no significant difference between the 
indirect and direct/combined groups [12, 59, 60].

Indirect bypass procedures promote angiogen-
esis and reduce recurrent ischemic episodes, but 
it takes months to develop adequate collateral cir-
culation and symptomatic relief. Also, the direct 
STA-MCA procedure cannot be carried out once 
the STA has been used in EDAS [3, 6, 10, 36, 59].

Question 19:
What are the possible complications following 
surgery?

Answer:
The exact incidence of MMD complications 
occurring after the direct bypass is still unknown. 
The surgical morbidity rate was 3.5%–9.2% and 
the mortality rate was 0.7%–4.61% per treated 
hemisphere [12, 61–64].

Question 20:
What is cerebral hyperperfusion syndrome (CHS)?
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Answer:
CHS happens due to increased blood flow after 
the bypass procedure. The blood flow increases 
due to increasing amounts of released oxygen 
free radicals together with impaired autoregu-
lation. Patients with MMD have a significantly 
higher risk for CHS after bypass surgery than 
patients with other atherosclerotic occlusive 
cerebrovascular diseases [65]. It is also more 
common after direct bypass procedures, although 
direct STA-MCA surgery is considered a low- 
flow anastomosis; the incidence of CHS is not 
low; it is around 18% [66–68].

Question 21:
How can CHS be diagnosed?

Answer:
The clinical symptoms of CHS can be in the focal 
symptoms with transient neurological deficits or 
intracranial hemorrhage. The focal symptoms 
can be in the form of unilateral headache, face 
pain, seizures, and transient neurological defi-
cits. Patients in the indirect bypass group could 
have partial or complex seizures. CHS generally 
happens during the first postoperative week, and 
it usually improves by the second postoperative 
week [16, 57, 69].

Besides the clinical picture, CT and MRI 
imaging are used to identify indirect evidence of 
HS, such as hemorrhage and edema. TCD and 
Single Photon Emission Computed Tomography 
(SPECT) scan are dynamic studies to measure 
the blood flow. SPECT is considered the gold 
standard method for detecting intracranial vascu-
lar blood flow [70].

Question 22:
What is the treatment of CHS?

Answer:
The treatment of CHS starts with the control of 
blood pressure. The upper limit of the systolic 
blood pressure recommended is controversial. 
Fujimura et  al. [71] found that prophylactic 
maintenance of SBP less than 130  mmHg in 
every patient resulted in a better outcome than 

lowering it only in patients who develop CHS 
[72]. More specifically a systolic blood pres-
sure  <  120  mmHg in normotensive patients 
and  <  140  mmHg in hypertensive patients for 
a week postoperatively is recommended, espe-
cially if pial hyperemia is observed intraop-
eratively [73]. However, it should be noted that 
with the lowering of blood pressure, the risk of 
cerebral ischemia might increase because hyper-
perfusion is a local phenomenon associated with 
global hypoperfusion. In patients with advanced 
MMD and involvement of the posterior cerebral 
artery, intentional hypotension resulted in isch-
emic stroke in the hemisphere contralateral to the 
one operated on. Maintaining the patient’s post-
operative blood pressure near their preoperative 
level is recommended [74].

Routine postoperative monitoring of CBF 
using TCD and/or dynamic studies should be 
used for follow-up [73].

Edaravone—a free radical scavenger—
proved to be helpful for prevention of transient 
neurological deficits [75]. Dehydrating agents 
are used to reducing edema after the CHS hap-
pens. Minocycline is a neuroprotective antibi-
otic that plays a role in blocking matrix 
metalloproteinase, which is correlated to the 
formation of cerebral edema, that has been 
found effective in preventing focal neurological 
deterioration [76].

Multiple Choice Questions
 1. A 45-year patient with a history of MMD 

develops a TIA.  What is the underlying 
pathology?
 (a) Cerebral atherosclerosis
 (b) Rupture of the small cerebral blood 

vessels
 (c) Progressive stenosis of the ICA
 (d) Hypercoagulable state
Answer: c

The vessel stenosis results from hyperpla-
sia of smooth muscle and luminal 
thrombosis.

 2. A 9-month-old patient with MMD is sched-
uled for an EDAS. In the preoperative area, 
the child begins to cry even in the presence of 
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her mother. Why is crying specifically a con-
cern in MMD?
 (a) It increases the anxiety of the mother.
 (b) It increases the risk of cerebral 

infarction.
 (c) It increases the blood pressure and can 

result in cerebral hemorrhage.
 (d) It is disruptive to the hospital staff.
Answer: b

A study of 169 patients coming in for this 
procedure showed hyperventilation (in the 
form of crying) in pediatric patients increased 
the risk of cerebral infarction. Six patients 
(3.6%) developed cerebral infarction as a 
result of hyperventilation associated with cry-
ing. Therefore, it is important to prevent this in 
the perioperative setting with proper premedi-
cation, smooth inhalational or intravenous 
induction, and proper post-op pain control. 
Typically, parents presence and post-op mor-
phine are sufficient for patient comfort [77].

 3. A 44-year-old female with MMD is undergo-
ing STA to MCA revascularization. During 
maintenance of anesthesia for a patient with 
MMD, your hemodynamic goals are:
 (a) Use hypotensive anesthesia so you can 

help produce a bloodless field.
 (b) Increase the blood pressure 50% above 

baseline so you can perfuse the ischemic 
area.

 (c) Be conservative on fluid administration to 
avoid hemodilution.

 (d) Maintain the blood pressure within 
10–20% of the baseline.

Answer: d
The autoregulation of CBF to the ischemic 

cerebral areas in MMD is impaired and is 
totally pressure dependent. Hypotension dur-
ing the procedure may lead to ischemia and 
later to thrombosis of the bypass graft. 
Reduction in CBF is especially poorly toler-
ated in children who have a higher cerebral 
metabolic rate and diminished autoregulatory 
response [2].

Hypertension may lead to bleeding espe-
cially at the site of the anastomosis. The opti-
mal or best level of arterial blood pressure is 
difficult to define. It is recommended to keep 

the blood pressure within 10% to 20% of the 
preoperative established baseline blood pres-
sure for all patients [2, 21, 23, 32–34].

 4. A 37-year-old male with a history of MMD 
presents for a revascularization procedure. 
Which of the following increases his chances 
of developing an ischemic stroke 
postoperatively?
 (a) History of hypertension
 (b) The frequency of the ischemic attacks
 (c) History of deep venous thrombosis
 (d) History of coronary heart disease
Answer: b

A study of 124 children who underwent 
surgery for MMD, it found that 21 patients 
experienced infarctions, and 10 experienced 
reversible ischemic neurological deficits with-
out new lesions. They found that frequent pre-
operative TIAs are a significant risk factor for 
perioperative ischemic complications. The 
frequent occurrence of TIAs may be an indi-
cator of the instability of cerebral hemody-
namics [36].

 5. Indocyanine green is a medication that is used 
to assess the patency of the graft, and it can 
cause one of the following:
 (a) Increases the incidence of postoperative 

nausea and vomiting.
 (b) It can cause anaphylaxis.
 (c) It causes hypertension.
 (d) It interacts with the muscle relaxants.
Answer b

Indocyanine green can cause erroneous 
desaturation readings on the pulse oximeter, 
and both anaphylactic and anaphylactoid reac-
tions have been reported with its use [48, 49].

 6. A 37-year-old male patient with past medical 
history of several ischemic attacks and hyper-
tension. The patient undergoes right-sided STA 
to MCA, his blood pressure was difficult to 
control intraoperatively. He wakes up well; 
however, a few hours later he complains of 
right-sided headache and facial pain then he 
starts to have an altered mental status. Which of 
the following conditions the patient most likely 
is having?
 (a) TIA
 (b) Stroke
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 (c) CHS
 (d) Hypertensive encephalopathy
Answer: c

The clinical symptoms of CHS can be in 
the form of two categories, focal symptoms 
with transient neurological deficits or intra-
cranial hemorrhage. The focal symptoms can 
be in the form of unilateral headache, face 
pain, seizures, and transient neurological defi-
cits. Patients in the indirect bypass group 
could have partial or complex seizures. CHS 
generally happens during the first postopera-
tive week, and it usually improves by the sec-
ond postoperative week [57, 69].
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Management of a Patient 
with Meningomyelocele

Summit D. Bloria, Rajeev Chauhan, Ankur Luthra, 
and Charu Mahajan

Stem Case Terminology
A 2-day-old 3.2  kg male child who is born 
through caesarean section (in view of large 
swelling at the back) is posted for surgery of 
a lower back swelling which his mother says 
was diagnosed before his birth. The mother 
did not give any history of any folic acid in-
take during her antenatal period and also gives 
history of a similar swelling in his elder sib-
ling 3 years back.

The swelling is of the size of a tennis ball 
and there is clear fluid oozing out from it. The 
child is not moving his lower limbs. On exami-
nation, he is afebrile. His mother says that he 
has not passed urine since birth. This child 
appears to have a slightly enlarged head with an 
OFC of 36  cm and the swelling measures 
4.8 × 4.6 cm which has ruptured recently. He is 
started on antibiotic prophylaxis (for meningi-
tis) and is advised to be nursed in prone posi-
tion. He is catheterised and 60 mL of urine is 
drained. He is started on intravenous (IV) 
dextrose- saline after measurement of his blood 
sugar and routine lab investigations sent. One 
unit of fresh blood has also been arranged.

After adequate OT preparation, he is taken 
for the surgery. He is administered fentanyl 
6  μg, thiopentone 15  mg and atracurium 
1.5 mg and intubated in lateral position with a 
3.5  mm micro-cuffed ETT.  After checking 
bilateral air entry, he is made prone and put on 
PCV mode of ventilation with O2/air/sevoflu-
rane. 25 mL of RL is infused IV and 30 mL of 
fresh blood is administered. Rest of the sur-
gery is uneventful after an initial blood loss of 
30–35  mL.  The child is reversed and extu-
bated on OT table and shifted to the recovery 
in prone position.

14.1  Preoperative

Question 1:
What is your diagnosis on the basis of history and 
examination? Explain the embryologic basis of 
this defect.

Answer:
The child is suffering from meningomyelocele, 
a type of neural tube defect. To understand the 
classification of various neural tube defects, we 
need to understand the development of neural 
tube first.

Central nervous system arises from ectoderm. 
Around the third week of gestation, ectodermal 
cells organise on the dorsal aspect of developing 
embryo around midline to form neural plate. 
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The plate is wider at its cephalic end than at its 
caudal end. In next few days, the lateral edges of 
the neural plate elevate to form the neural folds. 
The neural groove then develops as a result of 
invagination of the neural plate along its central 
axis, between the neural folds. The neural folds 
move together, fuse by the end of week 3, and 
convert the plate into a tube, known as neural 
tube.

The neural tube extending cranially to cau-
dally eventually divides into 4 subdivisions 
which give rise to different parts of CNS as 
follows:

 1. Prosencephalon—cerebrum and 
diencephalon

 2. Mesencephalon—midbrain
 3. Rhombencephalon—pons, cerebellum and 

medulla oblongata
 4. Spinal cord

The clinical spectrum of neural defects thus 
consists of:
 1. Anencephaly—When the rostral end of the 

neural tube fails to close.
 2. Craniorachischisis—Anencephaly accompa-

nied by a contiguous bony defect of the spine 
and exposure of neural tissue.

 3. Encephalocele—It is a sac-like structure 
formed by protrusion of intracranial contents 
through a defect in skull.

 4. Iniencephaly—Characterised by a defect to 
the occipital bone, spina bifida of the cervical 
vertebrae and retroflexion (backward bend-
ing) of the head on the cervical spine. Stillbirth 
occurs in most of cases.

 5. Spina bifida (can be spina bifida occulta, 
meningocele or meningomyelocele).

Spina bifida can be classified as:
 (a) Spina bifida occulta—Characterised by 

absence of spinous process and variable 
amounts of vertebral laminae. There is fail-
ure of fusion of neural arches; however, there 
is no herniation of meninges or spinal ele-
ments. The defect may be palpable, and there 
may be overlying cutaneous manifestations 
like hypertrichosis, lipomas, haemangiomas, 

dermal sinus, etc. These cases may present 
with tethered cord syndrome (explained 
later).

 (b) Meningocele—Along with failed fusion of 
neural arches, there is cystic distension of 
meninges.

 (c) Meningomyelocele—Along with cystic dila-
tation of meninges and defect in vertebral 
arches, there is presence of structural or 
functional abnormality of spinal cord or 
cauda equina.

Question 2:
What is tethered cord syndrome/tethered spinal 
cord/tethering induced symptomatology?

Answer:
It is defined as a stretch-induced functional disor-
der associated with the fixation (tethering) effect 
of inelastic tissue on the caudal spinal cord, limit-
ing its movement [1]. As the child ages, this abnor-
mal attachment of spinal cord causes progressive 
stretching of spinal cord leading to symptoms 
like pain, ankle deformity, muscle atrophy, sen-
sory deficits, bladder dysfunction, etc. Tethered 
cord syndrome is classified as primary (isolated 
tethered cord syndrome) or secondary (associ-
ated with lesions like meningomyelocele, split 
cord malformation, lipoma, etc.).

If not treated in time, tethered cord can cause 
neurological and urological symptoms. Children 
mostly present with pain, followed by loss of 
functions of the feet, legs, bowel, or bladder and 
urinary/anal incontinence. The classic radiologi-
cal features of tethered cord syndrome include a 
low-lying conus medullaris (below L2) and thick 
filum terminale (>2 mm) [2, 3].

Treatment is surgical and includes untethering 
of the spinal cord. Clinical signs or symptoms of 
deterioration become an indication for detether-
ing of cord.

Preoperative neurological and urological 
functions determine the post-operative neurolog-
ical and urological recovery. The complication 
rate of the untethering surgery is usually between 
1 and 2% and complications include CSF collec-
tion and leakage, infection, haematoma, and neu-
ral damage to the spinal cord or rootlets.
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Originally described in children, it is being 
reported in adults more and more [4–6]. The pre-
senting features in adults include pain, motor 
weakness, stool and urinary incontinence. 
Tethered cord syndrome may be misdiagnosed as 
a case of degenerative spine disease (disc disease, 
spondylolisthesis), spine diseases, spinal cord 
disorders (such as tumours, syringomyelia) and 
peripheral nerve disease.

Question 3:
What other anomalies are associated with neural 
tube defects?

Answer:
The following associations have been found in 
addition to neural tube defects:

 1. Club feet.
 2. Hydrocephalus.
 3. Hip dislocation.
 4. Neurogenic bladder.
 5. Facial clefts.
 6. Musculoskeletal defects.
 7. Arnold–Chiari malformation.
 8. Umbilical hernia.
 9. VACTERL anomalies have been found to be 

associated with neural tube defects. VACTERL 
implies:
• V—Vertebral defects, hypoplastic or hemi-

vertebrae; vascular anomalies
• A—Anorectal anomalies
• C—Cardiac anomalies, most common 

being atrial septal defects, ventricular sep-
tal defects and tetralogy of Fallot

• TE—Tracheo-esophageal fistula
• R—Renal defects
• L—Limb defects like polydactyly, dis-

placed thumbs, syndactyly and forearm 
defects

VACTERL/VATER association is typically 
defined by the presence of at least three of the 
above congenital malformations. It is important 
to remember that VACTERL remains an associa-
tion (these malformations occur together more 
often than would be expected by chance) and not 
a syndrome.

Question 4:
What is Chiari malformation?

Answer:
Chiari malformations are a group of defects asso-
ciated with congenital caudal “displacement” of 
the cerebellum and brainstem. They are subdi-
vided into types 1 to 5.

• Type 1—Most common type, characterised by 
downward displacement of cerebellar tonsils 
into the upper cervical canal through the fora-
men magnum.

• Type 2—Also known as Arnold–Chiari mal-
formation. Usually associated with a lumbo-
sacral spinal myelomeningocele. It is 
characterised by displacement of the medulla, 
fourth ventricle and cerebellar vermis through 
the foramen magnum. Although the aetiology 
of CM-II is not well understood, it has been 
suggested that both open neural tube defect 
and incomplete spinal occlusion lead to CSF 
leakage from the foetal spinal canal and ven-
tricular system. The resulting lack of ventricu-
lar CSF distention precludes the full 
development of the normal-size posterior 
fossa, which in turn leads to the caudal dis-
placement of the rapidly developing cerebel-
lum into the spinal canal along with the 
brainstem.

• Type 3—An occipital and/or high cervical 
encephalocoele associated with type 2 Chiari 
malformation.

• Type 4—Severe hypoplasia of cerebellum 
without displacement of the cerebellum 
through the foramen magnum.

• Type 5—Characterised by an absent cerebel-
lum and herniation of cerebellum through the 
foramen magnum.

Question 5:
What is the prevalence of various neural tube 
defects? What factors predispose to development 
of neural tube defects?

Answer:
The prevalence of NTDs varies widely in different 
regions of the world. For example, the prevalence 
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of NTDs in the USA and many European coun-
tries is estimated at 0.5–0.8/1000 births, whereas 
prevalence in some regions of China has been 
reported to be more than 20 times higher [7, 8].

Neural tube defects are the most common 
birth defects in India [9]. The birth prevalence of 
NTDs reported ranged from 0.5 per 1000 total 
births to 18.2 per 1000 total births [10, 11].

The following have been proposed as the risk 
factors for development of neural tube defects:

• Genetic factors (Trisomy 13, 21 and 18)
• Lack of folate supplementation at any time of 

pregnancy6

• Passive smoking [12]
• Alcohol consumption [13]
• Mother’s education level [14]
• Previous history of a child born with neural 

tube defects
• Diabetes mellitus
• Obesity [15]
• Drugs like carbamazepine, valproate, thalido-

mide [16, 17]

For a particular woman, her empirical recur-
rence risk after an affected pregnancy is approxi-
mately 3%, rising to around 10% after two NTD 
pregnancies.

Question 6:
How can neural tube defects be diagnosed prior 
to birth?

Answer:
Two approaches have been used for NTD screen-
ing: biochemical testing of maternal blood for 
alpha-fetoprotein (AFP) or the use of traditional 
2D ultrasound

 1. Biochemical screening:
 (a) Maternal serum level of AFP: Named 

due to its electrophoretic properties and 
its foetal origin, AFP is structurally and 
functionally related to albumin. This is a 
screening test for neural tube defect 
screening, a positive MSAFP result does 
not mean that the patient has an affected 
foetus but warrants further studies as a 

positive MSAFP test can be found in a 
multitude of other conditions. The mater-
nal serum values are calculated and then 
expressed as a MoM by dividing the AFP 
concentration by the median value for the 
appropriate week of gestation. The 
median MSAFP value for each week of 
gestation is designated as 1.0 MoM. Most 
commonly, MSAFP in open spina bifida 
has a median MoM of 3.3 to 3.8; anen-
cephaly, 7.7 MoM; gastroschisis, 7.8 
MoM; and omphalocele, 4.5 MoM [18]. 
Using 2.5 multiples of mean as screen 
positive in singleton pregnancies, the 
detection rate for anencephaly is expected 
to be >95% and for open NTD between 
65 and 80%.

 (b) Amniotic fluid levels of AFP and acetyl-
cholinesterase (AChE): Estimation of 
AChE levels in amniotic fluid is a sensi-
tive test for confirming an open 
NTD. Amniocentesis is often used to dif-
ferentiate the disorders responsible for a 
maternal serum AFP elevation. If there is 
an amniotic fluid AFP elevation, a sec-
ondary test for the presence or absence of 
the AChE enzyme by gel electrophoresis 
is performed on the fluid. AChE is nor-
mally not present in amniotic fluid. Tissues 
containing AChE include red blood cells, 
neural tissue and muscle. Concentrations 
of AChE are much higher in foetal cere-
brospinal fluid than in foetal serum. If the 
foetus has an open NTD, amniotic fluid 
AFP and AChE are usually both elevated 
and the high concentration of AChE in 
cerebrospinal fluid transudates across the 
defect into the amniotic fluid.

At the time of amniocentesis for ele-
vated MSAFP, karyotype analysis should 
also be performed to rule out chromo-
some aneuploidy.

 2. Ultrasound: The following cranial ultrasound 
markers are used:
 (a) Banana sign: It is a consequence of the 

Arnold–Chiari malformation. It is attrib-
uted to a downward displacement of the 
cerebellum that is caused by protrusion of 
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the neural contents through the foramen 
magnum, which results from the NTD.

 (b) Lemon sign: It is caused by a scalloping 
of the frontal bones secondary to 
decreased intracranial pressure from 
extrusion of the NTD.

 (c) Foetuses with open spina bifida have 
smaller BPDs by approximately 2 weeks’ 
gestation than expected for their gesta-
tional age.

Question 7:
Discuss the preoperative management of a case 
of meningomyelocele.

Answer:
The preoperative management can be discussed 
in the following 3 headings:

 1. Assessment and management of lesion:
 (a) Measure the size of lesion.
 (b) Start antibiotics if the lesion has 

ruptured.
 (c) Prevent desiccation by covering the lesion 

with normal saline (NS) or RL soaked 
swabs. Once the dressing is in place and if 
repair is planned within 24–48 h, do not 
change dressing unless it is soiled. If clo-
sure is delayed greater than 48 h, change 
the dressing bid and keep it moist.

 (d) Nurse the patient in prone position/lat-
eral/Trendelenburg position.

 (e) Avoid contamination of site and dressing 
from stool and urine.

 (f) Keep the neonate warm.
 (g) Monitor for signs of meningitis.

 2. Neurological assessment and management:
 (a) Assess the neonate for neurodeficit, and 

determine the upper level of 
neurodeficit.

 (b) Meningomyelocele is usually associated 
with Chiari type 2 malformation; so mea-
sure head circumference periodically, get 
a head USG done and watch out for sud-
den onset of respiratory distress. Many of 
these patients have to undergo VP shunt-
ing due to presence of hydrocephalus.

 3. Ancillary management:
 (a) Rule out other associated anomalies 

(VACTERL). Get urologic, orthopaedic, 
etc. evaluation done whenever warranted.

Maintain strict asepsis always while 
caring for these patients and prevent expo-
sure to latex, as latex allergy is seen in up 
to 70% of these patients [19].

Question 8:
Discuss the role of folate administration in pre-
vention of neural tube defects.

Answer:
The role of folate in prevention of neural tube 
defects has been proved since 1991, when it 
was demonstrated that women who had prior 
pregnancies with isolated NTDs had a 72% 
reduction of a recurrence of the NTD when 
supplemented with 4  mg of folate per day at 
least 4  weeks before conception through the 
12th week of gestation [20]. Now it is recom-
mended that all females of child bearing age 
should be supplemented with 400 μg of folate 
and women previously diagnosed with a foetus 
affected with an NTD be supplemented with 
4  mg of folic acid per day. Supplementation 
should begin at least 1 month before conception 
and should be continued for the first 3 months 
of pregnancy.

The exact mechanism by which folic acid 
prevents spina bifida and other NTDs remains 
unclear. Exogenous folic acid may enhance 
embryonic cell proliferation through stimula-
tion of pyrimidine and purine synthesis, and 
the finding of disordered embryonic cell pro-
liferation in several mouse NTD models sup-
ports such a role [21]. In addition, folic acid 
may enhance the methylation of key macro-
molecules including DNA, which can affect 
embryonic gene expression, thereby contribut-
ing to the epigenetic regulation of early ner-
vous system development [22, 23]. A further 
possibility is that folic acid could in some 
cases be detrimental for neural tube closure, 
worsening foetal outcome and leading to mis-
carriage [24].
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Question 9:
What surgical procedures do these patients 
undergo?

Answer:
The following surgical procedures are usually 
taken up in these patients:

 1. Primary closure of defect: Since the defect is 
visible on ultrasound prenatally, many centres 
perform elective prenatal repair before birth. 
If performed postnatally, the surgery should 
be performed as early as possible (24–48 h) to 
decrease the chances of infection. It must be 
emphasised that early surgery does not 
improve the neurological deficit.

 2. VP shunt: Done in view of hydrocephalus. In 
patients without hydrocephalus, most sur-
geons wait at least 3  days after MM repair 
before shunting. VP shunting and repair of 
lesion may be done in same sitting in patients 
with overt hydrocephalus.

 3. Surgical management for associated 
anomalies.

 4. Posterior spine fusion, later on in life.

14.2  Intraoperative

Question 10:
What are the salient features in history and 
clinical examination in the patients with 
meningomyelocele?

Answer:
Salient features in history are:
 1. History of folate supplementation before and 

during pregnancy. Any history of any drug 
intake predisposing to folate deficiency like 
eptoin, oral contraceptive pills, methotrexate, 
etc.

 2. History of previous child birth with similar 
anomalies.

 3. History of antenatal diagnosis with 
ultrasound.

 4. History of antenatal surgery for correction of 
lesion.

 5. Any history of associated anomalies. Non- 
neurologic findings in patients with meningo-

myelocele are as follows: hip dislocation, 
clubfeet, kyphoscoliosis, chest wall malfor-
mation, hydronephrosis, hydroureter, horse-
shoe kidney, undescended testes, hydrocele, 
malrotation, omphalocele, Meckel’s divertic-
ulum and inguinal hernia [25].

Clinical examination:
 1. Level of lesion: The lesion can be at the 

level of cervical, thoracic, lumbar or sacral 
level. There is a strong correlation between 
the axial level of lesion and the degree of 
disability experienced by individuals with 
MMC.

 2. Assessment of neurological deficit: Look for 
spontaneous movements in lower extremities. 
Check movement of lower extremities in 
response to painful stimuli.

 3. Examine for presence of hydrocephalus: Look 
for increased head circumference and bulging 
fontanelles.

 4. Any presence of pressure sores in patients 
with neurodeficit.

Question 11:
What investigations are needed prior to surgery 
for meningomyelocele? What are fasting guide-
lines for paediatric patients?

Answer:
Baseline investigations include blood glucose, 
haemoglobin, total leukocyte count, blood group-
ing and urine routine and microscopy. Blood 
should be matched and readily available when 
managing larger lesions.

Additional investigations include cardiac 
echo, renal USG and urodynamic studies.

The preoperative fasting guidelines for paedi-
atric patients is as follows:

 – Clear liquids up to 2 h prior to surgery. Clear 
liquids would include fluids without pulp; 
clear tea or coffee without milk products.

 – Breast milk for 4 h.
 – Infant formula feed for 6 h

This is sometimes described as the 6-4-2 
regimen.

 – Finally, solid food for 8 h.
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These guidelines have been criticised of late. 
It has been demonstrated that even a 2 h fasting 
interval for fluids does not guarantee an empty 
stomach and there seems to be a considerable 
inter-individual variation as well [26, 27].

Prolonged fasting must be discouraged in pae-
diatric patients as it can result in hypoglycaemia, 
metabolic acidosis, dehydration, cardiovascular 
instability, discomfort, hunger and thirst.

Question 12:
What concerns will you take into consider-
ation while managing a case of meningomyelo-
cele? Discuss the role of regional anaesthesia in 
meningomyelocele.

Answer:
The special concerns will be regarding:
• Age-related pathophysiology—preterm/term/

neonate
• Airway
• Associated congenital anomalies (discussed 

above)
• Concerns related to meningomyelocele—

location of lesion, ruptured or not
• Concerns related to surgery—positioning, 

blood loss, hypothermia, latex allergy

Role of regional anaesthesia in 
meningomyelocele:

Regional anaesthesia in neonates for meningo-
myelocele surgery has been suggested as it has 
several advantages over general anaesthesia. There 
is no airway manipulation with regional anaesthe-
sia along with reduced stress response of surgery. 
Also, the incidence of postoperative apnoea is 
minimized with the use of regional anaesthesia. 
The patient is placed prone and dural puncture is 
performed in the most caudad region of the menin-
gomyelocele sac, in an area devoid of neural ele-
ments using a tuberculin syringe.

Question 13:
How will you premedicate this child?

Answer:
Neonates usually do not need anxiolysis. Older 
children, especially those undergoing repeated 
surgical procedures must be premedicated to 
allay anxiety. Oral midazolam in a dose of 0.5–

1.0 mg/kg is the most commonly used drug. After 
administration of premedication, the child should 
be kept under observation to detect any respira-
tory depression the earliest.

Question 14:
What all monitoring is employed intraoperatively 
for meningomyelocele?

Answer:
The following monitors are routinely used 
intraoperatively:

 1. ECG
 2. Saturation probes
 3. Non-invasive Blood pressure
 4. Temperature
 5. Urinary output
 6. End tidal CO2

The additional monitors can be employed:
 1. Invasive blood pressure: It provides beat-to- 

beat monitoring of blood pressure and helps 
early diagnosis of haemodynamic instability. 
Patients with large lesions should have inva-
sive BP monitored. VAE has been described in 
cases of tethered cord syndrome due to 
entrainment of air via a bony spur [29].

 2. Intraoperative neuromonitoring.

Question 15:
Discuss the role of intraoperative neuromonitor-
ing in a case of meningomyelocele?

Answer:
Intraoperative neuromonitoring is now an impor-
tant modality in neuroanaesthesia to prevent iat-
rogenic injury to nervous tissue. The modalities 
employed for the purpose of intraoperative neu-
romonitoring are:

Sensory evoked potentials (SSEP): It is the 
most commonly monitored sensory evoked 
potential. The SSEP is produced by stimulation 
of a peripheral sensory nerve with the response 
measured along the sensory pathway.

Motor evoked potentials (MEP): It is pro-
duced by transcranial multipulse electrical stimu-
lation of the motor cortex using scalp electrodes. 
If MEPs are to be utilised perioperatively, use of 
neuromuscular blockers is not possible.
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It has been suggested that intraoperative neu-
romonitoring minimises neurological morbidity 
in tethered cord surgery [30]. In addition to SSEP 
and MEP, bulbocavernosus reflex has also been 
monitored intraoperatively.

Question 16:
What precautions will you take while inducing 
this patient?

Answer:
Before shifting patient to operation theatre, all 
paediatric airway equipment and monitors should 
be available. The operation theatre temperature 
must be warm.

If the child has an IV cannula, IV induction 
will be done. For a patient without IV cannula, 
inhalational induction with sevoflurane can be 
done. In short, the patient is handed over a face 
mask and encouraged to apply it over his/her 
nose. He/she is then told to take deep breaths 
while sevoflurane is started and incrementally 
increased. Once the child gets sedated, an IV 
access is taken.

Propofol is the most commonly used IV 
induction agent, with use of opioids and a non- 
depolarizing muscle relaxant. While administra-
tion of propofol, watch out for development of 
hypotension. Muscle relaxant should be adminis-
tered only after ensuring adequate mask ventila-
tion. Cis-atracurium is the most commonly used 
muscle relaxant in this age group because of its 
spontaneous degradation at room temperature 
(Hoffmann elimination).The current use of suc-
cinylcholine has decreased owing to its produc-
tion of hyperkalemia in patients with neurological 
deficits. Also, succinylcholine causes a transient 
increase in intracranial pressure.

Intubation should be attempted only after 
ensuring an adequate depth of anaesthesia lest 
increase in ICP may result. If the duration of sur-
gery is small, one can use uncuffed endotracheal 
tube. Use of uncuffed tubes lowers the resistance 
to breathing, allows easy suctioning and prevents 
trauma to subglottic region. For procedures of 
long duration, use of paediatric cuffed tubes is 
advisable. Their use allows employment of lower 
fresh gas flows, reduces air pollution, avoids 

multiple intubation attempts and provides better 
end tidal CO2 monitoring.

For determination of appropriate size and 
length of the endotracheal tube, various formulas 
have been suggested. Some of the most com-
monly used among them are:

The internal diameter (ID) of an endotracheal 
tube: (Age in years/4) + 4

The ID of endotracheal tube = Diameter of the 
fifth finger

The following formulas have been used to 
suggest the depth of endotracheal tube insertion 
from teeth:

 
Depth of tube Height incm: /( ) +10 5

 
or

 
Weight inkg( ) +/ 5 12

 
or

 3times theIDfrom thealveolar ridge  

or

 
Age in years / 2 12( ) +  

or

 Advance theendotracheal tubeinto abronchus
then withdrawit cm

,
,2  

Question 17:

What precautions will you take while intubating 
this patient?

Answer:
The important considerations while intubating 
patients with meningomyelocele are:

 1. Taking care of the lesion. There may be diffi-
culty in positioning the child for intubation 
because placing the defect in the middle of a 
“doughnut” not only causes pressure on the 
open defect but also necessitates additional 
padding beneath the shoulders and head [31]. 
Some patients may need to be intubated in lat-
eral position.

 2. In syndromic patients, incidence of difficult air-
way is increased. Airway management may be 
more challenging in the infant with MMC 
because of associated neck pathology (Chiari 
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malformation, Klippel–Feil syndrome), posi-
tioning, and increased association with short 
trachea. Attention must be paid to identifying 
the carina and properly positioning the endotra-
cheal tube to prevent endobronchial intubation.

 3. Prevent development of hypotension during 
induction.

 4. All usual considerations taking in view the 
age of the patient like temperature manage-
ment, fluid management, etc.

Question 18:
What is steal induction?

Answer:
As described by Meyers et al. in 1977, it is a spe-
cial type of inhalational induction where the child 
is brought to the operating room already asleep 
and undergoes induction without being awak-
ened [32]. Droperidol, ketamine, melatonin and 
clonidine have been employed for steal induction 
[33–35]. While avoiding moving or awakening 
the child, 70% nitrous oxide at high flows via an 
anaesthesia mask is held closely over the child’s 
face. At first the mask should not touch the skin, 
but as sedation deepens it is placed gently on 
the face and the concentration of sevoflurane 
is increased incrementally. Monitoring devices 
should be attached as soon as possible. Once 
adequately anaesthetised, the child can be trans-
ferred to a stretcher or operating room.

Question 19:
How will you position this patient for surgery?

Answer:
The child will be positioned prone during the 
surgery. During turning the patient, at least one 
monitor should be connected to the patient and 
the period of turning should not be an unmoni-
tored period. The weight of the child is supported 
on bolsters under the chest and pelvis, and the 
abdomen hangs free between bolsters. Excessive 
pressure on the abdomen due to an abnormal 
position should be prevented as it impedes ven-
tilation, compresses vena cava, and increases 
epidural venous pressure and bleeding. Other 
important considerations are:

 1. Ensure proper positioning of endotracheal 
tube after attaining the prone position.

 2. Maintain adequate padding of pressure points.
 3. Care of the lesion during turning the patient.
 4. Covering the patient adequately to prevent 

occurrence of hypothermia intraoperatively.

Question 20:
How will you maintain anaesthesia in this case?

Answer:
Anaesthesia is maintained with inhalational 
agents and opioids for pain relief. Isoflurane, 
sevoflurane or desflurane are the inhalation 
agents used for maintenance of anaesthesia. 
Sevoflurane provides better recovery profile 
as compared to isoflurane in children [36]. 
Neuromuscular blockade with nondepolar-
izing muscle relaxants is achieved to prevent 
patient movement and to minimise the amount 
of anaesthetics required. Cis-atracurium and 
atracurium are the preferred agents in view of 
them undergoing spontaneous Hoffmann elimi-
nation. Fentanyl is the most commonly used 
opioid, but its half- life increases with repeated 
dosing. It undergoes hepatic metabolism, which 
is immature in premature infants. Hence, the 
sedative and respiratory depressive effects of 
fentanyl may be prolonged in these children. 
Remifentanil is a newer narcotic agent, cleared 
rapidly by the plasma esterases and an attractive 
choice wherever available.

Question 21:
Discuss intraoperative fluid management in this 
case.

Answer:
The aim of intraoperative fluid administration is 
to maintain normovolemia and haemodynamic 
stability.

Intraoperative fluid administration has to pro-
vide maintenance fluid, correct preoperative defi-
cit (caused by preoperative fasting) and replace 
third-space and blood losses.

The 4-2-1 rule given by Holliday and Segar 
has been used to calculate hourly fluid require-
ment in paediatric patients.
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Fluid deficit is calculated as: Hourly mainte-
nance requirements × hours of fluid restriction. 
Of the total deficit, 50% is to be administered first 
hour and 25% each in next 2 h.

Blood losses are replaced with either 1:1 ratio 
of blood or colloid, or 3:1 ratio for crystalloid. 
Third-space losses should be replaced with crys-

talloid. Third-space losses can be 2–5  mL/kg 
depending upon the size of lesion.

Blood administration is usually not required 
in meningomyelocele unless the lesion is very 
large. The maximum allowable blood loss 
(MABL) is calculated as follows:

 
MABL EBV estimated blood volume Initial haematocrit Minimuma= ( )´ - ccceptablehaematocrit

Initial haematocrit
( )

/  

The estimated blood volume varies with the 
age of the patient:

• Preterm infant: 90–100 mL/kg
• Term neonate: 80–90 mL/kg
• Infants between 3  months and 1  year old: 

70–80 mL/kg
• Older child: 70 mL/kg

Accurate estimation of blood loss may be dif-
ficult in paediatric patients.

NS is the most commonly used fluid. In neo-
nates and premature infants, the danger of hypo-
glycaemia should be borne in mind. Blood 
glucose should be closely monitored in these 
children along with continuous infusion of glu-
cose at 5–6 mg/kg/min.

14.3 Postoperative

Question 22:
Describe awakening and extubation in this case.

Answer:
After the surgery is complete, the child should 
be turned supine, and inhalational agents 
stopped. Infants with meningomyelocele may 
be at increased risk of post-operative apnoea. 
Extubation after primary repair of the defect may 
take place in haemodynamically stable infants 
who are awake and can maintain their airway. 

Infants should recover in a monitored setting 
with respiratory and cardiac monitors.

Question 23:
What is an encephalocele and what are the asso-
ciated anaesthetic challenges?

Answer:
Encephalocele is a form of cranial dysraphism 
wherein the intracranial contents protrude 
through a bony defect in the cranium. These can 
be anterior or posterior based on the location of 
the defect. In India, Europe and USA, posterior 
encephaloceles are more common while in other 
parts of south-east Asia, frontoethmoidal enceph-
aloceles are generally seen.

Multiple congenital anomalies like hydro-
cephalous, Arnold–Chiari malformation, agene-
sis of corpus callosum, microcephaly, 
developmental delay, etc. may be associated 
with it. Other extracranial anomalies are also 
commonly present like micrognathia, cardiac 
defects, cleft lip/palate, renal and pulmonary 
anomalies. Small children with congenital 
anomalies involving various systems including 
airway make anaesthetic management quite 
challenging. In addition, the site of encephalo-
cele may pose a challenge during mask ventila-
tion, intubation and positioning. Children having 
large frontal encephalocele with a big sac may 
be difficult to mask ventilate while those having 
occipital encephalocele may be difficult to posi-
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tion and intubate. The incidence of difficult mask 
ventilation and intubation is around 5.9% and 
19.5%, respectively [37]. Larger the size of sac, 
more is the difficulty in positioning and 
laryngoscopy.

Question 24:
How will you manage a case of giant occipital 
encephalocele?

Answer:
In the preanaesthetic evaluation, assess for the 
difficulty in venous access, ventilation and intu-
bation and positioning. Look for other coexist-
ing congenital anomalies. Investigations required 
are same as for other neural tube defect cases 
and blood has to be arranged preoperatively. 
Sedative premedication is usually not given. 
Operation room has to be prepared according to 
the requirement of a paediatric patient and dif-
ficult intubation.

A giant occipital encephalocele makes posi-
tioning difficult as compression over the sac has 
to be avoided. For this, the child is placed either 
lateral or supine with sac placed inside a dough-
nut to avoid any compression on it. The routine 
monitors like electrocardiography, non-invasive 
blood pressure monitoring, and pulse oximetry 
are attached.

The inhalational induction is preferred over 
IV induction in view of difficult intubation. A sac 
in occipital area not only makes head placement 
difficult but also limits extension of neck [38]. 
The child can be placed in various positions like 
lateral, supine with sac resting inside the dough-
nut or head held beyond the edge of table with an 
assistant holding it [39]. Various modifications of 
such techniques have been used by various 
authors but the main focus remains the same that 
is to avoid any compression of sac [39]. Slow 
needle aspiration of fluid from the very large sac 
under sterile condition makes it slack and easier 
to position the head for laryngoscopy [40]. We 
prefer to place the patient in left lateral position 
for intubation when a right handed anaesthesiol-

gist is performing laryngoscopy [41]. Anaesthesia 
is maintained with short acting volatile agents in 
air or nitrous oxide with oxygen. Invasive arterial 
monitoring helps in beat-to- beat monitoring of 
BP and frequent blood gas sampling. Urine out-
put and temperature monitoring are also routinely 
done.

The various intraoperative complications 
are bradycardia, tachycardia, hypotension, 
hypothermia, electrolyte disturbances and 
blood loss [39]. Rapid drainage of CSF from 
the sac can cause bradycardia, hypotension or 
cardiac arrest, so it should be done slowly in 
small aliquots. Often blood transfusion is 
required in these patients because of loss that 
occurs during dissection of sac, craniectomy, 
from blood vessels and venous sinuses. These 
patients are extubated only when they are com-
pletely awake with regular breathing, normo-
thermic, haemodynamic stable and normal 
metabolic profile.

These patients need to be closely monitored in 
intensive care unit post-operatively. The various 
post-operative complications are CSF leak, men-
ingitis and development of hydrocephalous. A 
major prognostic factor for their neurologic out-
come is contents of the sac. More is the herniated 
and damaged brain tissue inside the sac, poor is 
the long-term outcome.

Question 25:
Define laryngospasm? What are the risk factors 
for development of laryngospasm? How will you 
manage a case of laryngospasm?

Answer:
Laryngospasm is the sustained closure of the 
vocal cords. Children are more predisposed to 
develop laryngospasm as compared to adults, its 
incidence doubles in children and trebles in the 
very young. Laryngospasm in awake patients is 
a protective reflex that guards against pulmonary 
aspiration. However, laryngospasm under lighter 
planes of anaesthesia can cause hypoxia and 
bradycardia.
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Partial laryngospasm is characterised by pres-
ence of stridorous noise from patient and while 
there is a silent chest in cases of total 
laryngospasm.

The following risk factors have been described 
for development of laryngospasm:

 1. Patient risk factors:
 (a) Age
 (b) Airway hyper-reactivity (URTI, Asthma)
 (c) Obstructive sleep apnoea
 (d) History of smoking
 (e) Presence of airway anomalies

 2. Surgical risk factors:
 (a) Thyroid surgery
 (b) Shared airway
 (c) Application of noxious stimuli during 

light plane of anaesthesia
 3. Anaesthesia-related risk factors:

 (a) Insufficient depth of anaesthesia
 (b) Volatile anaesthetic agents (desflurane>isof

lurane>enflurane>halothane>sevoflurane).
 (c) Experience of anaesthetist

Management of laryngospasm includes:
 (a) Jaw thrust to lift the tongue off the pharyn-

geal wall.
 (b) Larson’s manoeuvre is bilateral firm digital 

pressure on the styloid process behind the 
posterior ramus of the mandible.

 (c) CPAP with 100% oxygen via a tight-fitting 
facemask. Positive pressure application, 
however, may be harmful in cases of com-
plete laryngospasm as it may force the false 
cords against the tightly closed true cords.

 (d) Deepen the plane of anaesthesia with I.V. 
propofol (0.5 mg/kg increments).

 (e) Succinylcholine is the drug of choice if propo-
fol fails to relieve laryngospasm. An IV dose 
of 0.1–0.2 mg/kg of succinylcholine is used.

In case laryngospasm occurs before secur-
ing an IV line and does not break with jaw 
thrust and CPAP, intra-muscular (IM). succi-
nylcholine in doses of 4  mg/kg is an option. 
Other modes of succinylcholine that have been 

utilised are intralingual (2–3  mg/kg) and 
intraosseous (1 mg/kg).

Once laryngospasm is successfully treated, 
ventilation should be supported initially with 
100% oxygen.

Question 26:
What is latex and where is it used in health care? 
Write a short note on latex allergy.

Answer:
Natural latex is obtained from the sap of a rubber 
tree. A number of substances we routinely use 
contain latex. Some of the latex-containing sub-
stances that we use inside hospitals include blood 
pressure cuffs and tubing; stethoscope tubing; 
IV tubing injection ports; tourniquets; syringe 
plungers; face masks; airways; laryngoscope 
bulb gaskets; skin temperature monitors; rubber 
suction catheters; arm boards; bite blocks; teeth 
protectors; ventilator hoses and bellows; resusci-
tation bags (black or blue, reusable); rubber- shod 
clamps; breathing tubes; oxygen tubing; reser-
voir bags, IV bags and tubing ports; medication 
vial needle ports; tape and other adhesives (e.g. 
Esmarch bandages, adhesive bandages); dental 
dams; elastic bandages (Ace wraps); dressings 
(e.g. Coban, Moleskin, Micropore); rubber pads; 
protective sheets; drains; electrode pads; rubber 
aprons; circulating fluid warming blankets; some 
cast material; goggles; pulmonary artery catheter 
balloons; epidural catheter adapters; IV medica-
tion pump cassettes; electrocardiogram (ECG) 
electrodes and pads; intestinal and stomach tubes; 
rubber bands; chest tube drainage system tubing; 
condom urinals; urinary and nephrostomy cath-
eters; gastrostomy tubes; bulb syringes; adhesive 
drapes; nipples; instrument mats; specimen traps; 
catheter bag straps; dilating catheters; etc.

Many chemicals are added to the latex during the 
manufacturing process. These additional substances 
may also be responsible for latex allergy. Repeated 
exposure to products containing natural rubber latex 
predisposes to development of latex allergy.
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Latex allergy can be a:
 1. Irritant contact dermatitis: The most common 

type. Consists of itching, redness, scaling, 
drying and skin cracking. Latex-glove induced 
dermatitis increases the chance of 
 hospital- acquired infections, including blood-
borne infections, being transmitted.

 2. Type IV allergic reaction: Characterised by a 
delayed skin rash. Unlike irritant contact der-
matitis, allergic contact dermatitis often 
spreads beyond the area of contact with the 
allergen. Sometimes flushing, rhinitis, dizzi-
ness, itching, sinus symptoms, conjunctivitis 
and eyelid edema may also be present.

 3. Type I allergic reaction: Most severe type. 
May cause severe morbidity and mortality. 
Such reactions account for a significant pro-
portion of perioperative anaphylactic reaction, 
especially in children with myelomeningocele 
[42]. Anaphylactic shock can be provoked in 
allergic persons by the previous use of latex.

 4. Latex-fruit syndrome: People who have latex 
allergy also may have or develop an allergic 
response to some plants and/or plant products 
such as fruits. Fruits (and seeds) involved in 
this syndrome include, avocado, chestnut, 
kiwi fruit, mango, banana, pineapple, passion-
fruit, fig, strawberry and soy.

Considering the high incidence of latex allergy 
in patients with meningomyelocele, all latex pre-
cautions should be taken. These patients should 
be provided “latex safe cart” consisting of all 
latex free substances that the patient may need.

Treatment of latex reactions:
• In cases with irritant contact dermatitis, sim-

ply removing the latex product from the 
patient will do.

• Steroids can be used for allergic reactions. 
Topical nasal steroids may be used for rhinitis. 
Topical corticosteroids can be used for a rash. 
Antihistamines and systemic steroids can be 
used to treat other mild reactions.

• If the symptoms are more severe, more aggres-
sive treatment is indicated, including antihis-

tamines, systemic steroids, H2 blockers, 
oxygen, IV fluids, bronchodilators and epi-
nephrine. The crash cart must not contain 
latex-containing items.

• If anaphylaxis occurs, early detection is nec-
essary. Artificial airway support may be 
needed as well as intravascular volume expan-
sion, administration of vasoactive medications 
and other life-support techniques.

Once latex allergy has manifested, latex pre-
cautions should continue throughout the post- 
operative period of the patient.

Question 27:
What is the importance of post-operative apnoea 
in former preterm infant?

Answer:
The development of post-operative apnoea is a 
major concern with surgery in neonates. Up to the 
age of 60  weeks post conceptional age, infants 
are predisposed to suffer from post-operative 
apnoea [43]. A weak central respiratory drive is 
said to be responsible for this situation. Anaemia 
(haematocrit <30%) is an independent risk fac-
tor associated with apnoea in former preterm 
infants. Although it is more common in patients 
undergoing general anaesthesia, it is seen also in 
preterm infants undergoing regional anaesthesia, 
especially when sedation is also used [44, 45]. It 
is imperative that these patients monitored post- 
operatively for developing apnoea for at least 
12–24 h. There is some evidence of caffeine as 
a respiratory stimulant being helpful as a therapy 
(10  mg/kg) [46]. Regional anaesthesia without 
sedation may be a better choice in neonates pre-
disposed to develop post-operative apnoea.

Question 28:
What is the role of foetal surgery in neural tube 
defects?

Answer:
The neural damage in NTDs is explained by 
“Two hit hypothesis”. It is said that due to a 
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primary congenital abnormality in anatomic 
development (first hit), a relatively normal spi-
nal cord is secondarily damaged by a combina-
tion of amniotic fluid exposure, direct trauma 
and hydrodynamic pressure (second hit).This 
suggested that in utero intervention could pre-
vent further spinal cord damage and the conse-
quent neurologic deficits. Subsequently animal 
studies were planned to observe the effective-
ness of in-utero studies and were found to be 
successful. The procedure is mostly performed 
between 19 and 25  weeks of age. Briefly, a 
maternal laparotomy is performed followed 
by hysterotomy and MMC is exposed. The 
cystic membrane of the MMC is excised and 
the attachments of the meninges to the skin 
and soft tissues are detached. The foetus is 
subsequently followed up throughout the preg-
nancy. Management of meningomyelocele 
study (MOMS trial) documented prenatal sur-
gery for myelomeningocele reduced the need 
for shunting and improved motor outcomes at 
30  months, although the procedure was asso-
ciated with maternal and foetal risks [47]. 
Recently, fetoscopic open neural tube defect 
repair with a two- port, carbon dioxide insuffla-
tion of uterus has been described [48].

Multiple Choice Questions
 1. Which of the following anomalies are associ-

ated with neural tube defects?
 (a) Ventricular septal defect
 (b) Arnold–Chiari malformation
 (c) Neurogenic bladder
 (d) Cleft lip
Answer: All except the option (d) have 
been found to be associated with neural tube 
defects.

 2. Which among the following is not correct 
regarding preoperative care of 
meningomyelocele?
 (a) Prevent desiccation by covering the lesion 

with NS or RL soaked swabs
 (b) Avoid contamination of site and dressing 

from stool and urine
 (c) Nurse the patient in supine position
 (d) Start antibiotics if the lesion has ruptured
Answer: c

These patients should be nursed in prone/
lateral position to prevent pressure and hence 
rupturing of the lesion.

 3. Which among the following is not true for 
tethered cord syndrome?
 (a) Pain is the most common presenting feature
 (b) Predominantly found in adults
 (c) Classic radiological features include a 

low-lying conus medullaris and thick 
filum terminale

 (d) Surgical detethering is the treatment
Answer: b

Tethered cord syndrome is mostly 
described in children.

 4. Regarding management of laryngospasm, all 
are true except
 (a) Larson’s manoeuvre
 (b) Jaw thrust
 (c) Propofol bolus
 (d) Atracurium
Answer: d

 5. Which of the following is correct in reference 
to post-operative apnoea?
 (a) Anaemia is a risk factor
 (b) Term infants are more predisposed to suf-

fer from post-operative apnoea
 (c) Regional anaesthesia with sedation will 

decrease the chances of post-operative 
apnoea

 (d) The predisposed patients should be moni-
tored for 4 h post-operatively only

Answer: c
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Management of Patient 
with Pituitary Tumor (Cushing’s 
Disease)

Hui Yang

Stem Case Terminology
A 51-year-old female presents for transsphe-
noidal resection of a pituitary tumor. Her past 
medical history is significant for diabetes 
mellitus (DM), hypertension (HTN), and 
hyperlipidemia. Over the past 5 months, her 
DM was poorly controlled despite strict dia-
betes diet and multiple adjustments of her 
medications. Her primary care physician 
noticed that she had unexplained weight gain 
(18  lbs), worsening HTN, abdominal striae, 
hirsutism, generalized weakness and fatigue. 
She was referred to an endocrinologist and 
then diagnosed with a pituitary tumor. The 
patient has a surgical history of cholecystec-
tomy and cesarean section previously. Her 
current medications include metformin, glipi-
zide, metoprolol, lisinopril, aspirin, and simv-
astatin. Her HbA1c is 7.8, basic metabolic 
panel shows blood glucose 226  mg/dL and 
creatinine 1.52. Serum adrenocorticotropic 
hormone (ACTH) and cortisol levels are 
abnormally high, and other pituitary hor-
mones are nearly normal. Complete blood 
count, electrolytes, PT/INR, and APTT are 
within acceptable ranges. Electrocardiogram 
(EKG) shows sinus rhythm with moderate 

left ventricular hypertrophy. There is no other 
cardiac workup available. She is able to climb 
a flight of stairs without chest pain or short-
ness of breath, although she becomes less 
active due to her fatigue. Magnetic resonance 
imaging (MRI) of the brain shows a 
1.1 × 1.0 × 1.3 cm sellar mass. She denies any 
medication allergy or previous adverse anes-
thetic events. She denies visual field defects, 
headache, or any significant motor or sensory 
changes. In the preoperative area, her vital 
signs are BP 168/89 mmHg, HR 62 bpm, RR 
16/min, SaO2 95% in room air, and tempera-
ture 36.2  °C.  Your physical exam reveals 
“moon face,” “buffalo hump,” fragile skin, 
and hirsutism. Her airway examination is oth-
erwise unremarkable. Her neurological exam-
ination reveals no significant abnormality.

Question 1:
What are the surgical approaches for pituitary 
tumor resection? During transsphenoidal pitu-
itary surgery, what are those important nerves 
and vasculatures that may be encountered?

Answer:
The two principal approaches for resection of 
a pituitary tumor are transsphenoidal surgery 
(TSS) and transcranial surgery (TCS).TSS is 
performed for excision of tumors that lie within 
the sella turcica or that have extended to or 
originated in the immediate suprasellar area. 
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Technically, TSS includes microscopic TSS 
(transnasal or translabial transseptal approach) 
and endoscopic TSS (endoscopic endonasal 
approach) [1–3]. TSS is a less invasive proce-
dure in which a surgeon uses either an operat-
ing microscope or a flexible endoscope through 
the nostril, along with neuronavigation, to gain 
access to the sphenoid sinus and sella turcica, 
and eventually remove the pituitary tumor. TSS 
is used in over 90–95% of pituitary tumor sur-
geries and has significantly lower rates of mor-
bidity and mortality than TCS, since the latter 
necessitates direct dissection of the brain, vascu-
lar structures, and visual pathways [4, 5]. In the 
cases of a large pituitary tumor with no or only 
a minor intrasellar component present, TCS may 
be needed [3]. In rare cases, both TSS and TCS 
are used in order to completely remove a large 
tumor that has spread into nearby tissues [6].

The pituitary gland is located within the sella 
turcica, a boney alcove of the sphenoid (Fig. 15.1). 
Critical structures surrounding the pituitary gland 
and sella turcica include [7]:

 A. Optic nerve and chiasm, which lie superior to 
the diaphragma sellae.

 B. Cavernous sinus, which surrounds the sella 
turcica laterally on both sides, is part of the 
brain’s dural venous sinuses and contains 
multiple nerves and vasculatures:

 1. Internal carotid artery (ICA)
 2. Oculomotor nerve (CN III)
 3. Trochlear nerve (CN IV)
 4. Ophthalmic division of the trigeminal 

nerve (CN V1)
 5. Maxillary division of the trigeminal nerve 

(CN V2)
 6. Abducens nerve (CN VI)

Question 2:
Discuss the classifications of pituitary tumors 
and the unique clinical features for each type.

Answer:
Pituitary tumors are classified by their size and 
hormone-secreting function. Pituitary tumors 
with size greater than 1 cm in diameter are con-
sidered macroadenomas. Macroadenomas often 
extend beyond the normal boundaries of the 
sella turcica and cause symptoms secondary to 
tumor compression on surrounding structures 
or normal pituitary gland tissues (mass effect). 
Macroadenomas are usually not hormone- 
secreting tumors. Patients often present with 
headache, visual field defects, cranial nerve palsy 
(e.g., double vision, facial numbness), panhypo-
pituitarism, and diabetes insipidus (DI). Rarely, 
pituitary tumors cause elevated intracranial pres-
sure (ICP) because of their size or obstruction 
of the third ventricle. Patients may present with 
headache, nausea, vomiting, and papilledema. 
Hemorrhage, infarction, or necrosis within the 
pituitary tumor may lead to pituitary apoplexy, 
and the clinical manifestations of pituitary apo-
plexy include abrupt onset of headache, visual 
disturbance, ophthalmoplegia, altered mental 
status, endocrinologic dysfunction, and hemody-
namic instability.

Pituitary tumors with size less than 1 cm in 
diameter are considered microadenomas. 
Microadenomas generally remain within the 
confines of the sella turcica. Microadenomas are 
usually hormone-secreting tumors, often result-
ing from the neoplastic growth of a single cell 
type. Excessive production of certain type of 
pituitary hormone accounts for the unique clini-
cal presentations and the abnormalities on endo-
crinologic tests.

Fig. 15.1 Anatomy of pituitary gland, cavernous sinus, 
and sphenoid sinus. CN cranial nerve. (Reprinted with 
permission, Cleveland Clinic Center for Medical Art & 
Photography © 2019. All Rights Reserved)
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The most common pituitary tumors are 
prolactin- secreting microadenomas and nonse-
creting macroadenomas. Patients with the former 
are usually women who present with secondary 
amenorrhea. There are three other less common 
hormone-secreting pituitary tumors: growth hor-
mone (GH)-secreting tumor (acromegaly), 
ACTH-secreting tumor (Cushing’s disease), and 
a very rare thyroid stimulating hormone (TSH)-
secreting tumor (hyperthyroidism).

The clinical manifestations of Cushing’s dis-
ease include centripetal fat distribution (“moon 
face,” “buffalo hump,” central obesity), HTN, 

glucose intolerance, DM, cardiac disease, osteo-
porosis, adrenal hyperplasia, abdominal striae, 
easy bruisability with thin skin, immunosuppres-
sion, poor wound healing, menstrual irregularity, 
decreased libido, impotence, emotional distur-
bance, generalized weakness and fatigue, acne, 
and hirsutism (Fig. 15.2).

The clinical manifestations of acromegaly 
include soft tissues overgrowth of upper airway 
(tongue, soft palate, epiglottis, vocal cords, sub-
glottic tissue), recurrent laryngeal nerve palsy, 
hoarseness, upper airway obstruction, obstructive 
sleep apnea (OSA), skeletal overgrowth (mandi-

Fig. 15.2 Clinical 
manifestations of 
Cushing’s disease. CNS 
central nervous system. 
(Reprinted with 
permission, Cleveland 
Clinic Center for 
Medical Art & 
Photography © 2019. 
All Rights Reserved)
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ble, hand, feet), cervical and lumbar spinal steno-
sis, increased incidence of cardiovascular disease 
(CAD, HTN, congestive heart failure (CHF), car-
diomyopathy), glucose intolerance, peripheral 
neuropathy secondary to trapping of nerves by 
skeletal or soft-tissue overgrowth, carpal tunnel 
syndrome, compromised ulnar artery blood flow, 
osteoarthritis, osteoporosis, thickened skin, and 
visceromegaly.

15.1 Preoperative

Question 3:
What are the preoperative anesthetic considerations 
for a patient undergoing transsphenoidal resection 
of a pituitary tumor for Cushing’s disease?

Answer:
Patients with Cushing’s disease are at risk of car-
diovascular disease, such as HTN, ischemic heart 
disease, CHF, left ventricular hypertrophy, and 
peripheral vascular disease [8, 9]. Careful assess-
ments of signs of myocardial ischemia or cardiac 
dysfunction, a patient’s functional capacity, and co-
existing clinical risk factors are paramount. EKG 
is usually ordered preoperatively. Other cardiac 
workup, such as echocardiogram, stress test, or car-
diac catheterization, may be considered in selective 
patients according to AHA/ASA guideline. HTN 
needs to be controlled before elective surgery.

Glucose intolerance is common [10] due to 
hypersecretion of cortisol in adrenal gland second-
ary to excess ACTH released from pituitary tumor. 
In patients with co-existing DM, close monitoring 
and treatment of hyperglycemia are critical.

Patients may present with central obesity with 
fat deposition at neck, face and abdomen, and 
OSA, which may make airway management dif-
ficult. Patients with Cushing’s disease have 
increased incidence of peptic ulcer and GERD, 
thus at higher risk of aspiration during endotra-
cheal intubation. Myopathy, commonly seen in 
Cushing’s disease, may lead to inadequate venti-
lation postoperatively.

Immunosuppression, fragile skin, and easy 
bruisability may lead to poor wound healing, 
infection, bleeding, and difficult intravenous can-

nulation. Osteoporosis may increase the risk of 
fractures during patient positioning.

Patients with Cushing’s disease tend to have 
hypernatremia, hypokalemia, and metabolic 
alkalosis resulting from higher mineralocorti-
coids activity.

Before induction of anesthesia, management 
plans for intraoperative antibiotics, steroid, lum-
bar subarachnoid drain, and blood pressure con-
trol were discussed with surgeon during the 
surgical huddle.

15.2 Intraoperative

Question 4:
What is your plan for intraoperative monitoring 
and intravenous (IV) access?

Answer:
In addition to standard ASA monitors, an arterial 
line is usually placed in our institution. With an 
arterial line, especially for patients with limited 
cardiovascular reserve, an anesthesia provider 
is able to continuously monitor blood pressure 
 during the scenarios that wide swings in blood 
pressure may occur, such as epinephrine-contain-
ing local anesthetics infiltration of nasal mucosa, 
substantial bleeding from inadvertent injury to 
ICA, occurrence of venous air embolism (VAE) 
from inadvertent injury to cavernous sinus. An 
arterial line may also allow intraoperative moni-
toring of blood glucose, electrolyte, and PaCO2 
during TSS. Other invasive monitoring modalities, 
including central venous pressure (CVP), pulmo-
nary artery (PA) catheterization, and transesopha-
geal echocardiogram (TEE), are not routinely 
used and may be considered in selective patients 
with significant cardiopulmonary disorders.

TSS is not usually associated with significant 
blood loss or fluid shifts; however, two large-bore 
peripheral IVs are usually placed in our institu-
tion in preparation of substantial bleeding from 
inadvertent injury to ICA.

Question 5:
Discuss the perioperative steroid management 
for a patient with Cushing’s disease.
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Answer:
Cushing’s disease is caused by a pituitary corti-
cotroph adenoma that secretes excessive ACTH, 
which subsequently leads to supraphysiologi-
cal secretion of glucocorticoids from the adrenal 
glands. The excessive circulating cortisol disrupts 
the physiological diurnal variation in cortisol lev-
els and exerts negative feedback inhibition on 
corticotropin-releasing hormone (CRH) secretion 
from the hypothalamus. However, a pituitary ade-
noma is resistant to the inhibition by endogenous 
circulating cortisol. As a result, Cushing’s disease 
is associated with suppressed secretion of CRH, 
hypersecretion of ACTH, and hypercortisolism [9].

For a patient with Cushing’s disease, usually 
glucocorticoid is not administered before or dur-
ing surgery due to the pre-existing hypercorti-
solism and the probability of interfering with 
postoperative endocrinology tests. After success-
ful transsphenoidal resection of an ACTH- 
secreting pituitary adenoma, hypocortisolism may 
occur and reflect the suppression of hypotha-
lamic–pituitary–adrenal (HPA) axis by long- 
standing hypercortisolism. Consequently, a patient 
may require postoperative glucocorticoids replace-
ment. During postoperative glucocorticoid 
replacement, restoration of HPA axis function is 
assessed by returning of normal morning cortisol 
level and/or a normal cortisol response to ACTH 
stimulation. Glucocorticoids replacement may be 
then discontinued if those test results are normal 
[9]. In some centers, 8 am plasma cortisol value 
plasma cortisol test and short ACTH 1-24 
(Synacthen) test are performed postoperatively to 
detect and confirm ACTH deficiency. Postoperative 
glucocorticoid is replaced only if those test results 
are abnormal. This approach may help avoid 
unnecessary exposure to glucocorticoids [11].

Question 6:
What are your goals for intraoperative anesthetic 
management?

Answer:
The main goals for intraoperative anesthetic 
management include:
 1. Maintain hemodynamic stability.
 2. Maintain adequate cerebral perfusion.

 3. Facilitate surgical exposure (ensure complete 
immobility of a patient, avoid HTN which 
may cause nasal bleeding, avoid fluid over-
loading, and help surgeon access a pituitary 
tumor by manipulating lumbar subarachnoid 
drain, performing Valsalva maneuver upon 
request as well as maintaining PaCO2).

 4. Ensure a prompt emergence for postoperative 
neurological examination.

 5. Ensure a smooth emergence (avoid coughing, 
bucking, straining, or active vomiting) to min-
imize the risk of postoperative cerebrospinal 
fluid (CSF) leak and subsequent meningitis.

Question 7:
What is your plan for intraoperative anesthetic 
maintenance?

Answer:
The principles and anesthetic options for anes-
thetic maintenance during TSS are basically sim-
ilar to the other intracranial procedures. Careful 
titration of anesthetics during surgery to achieve 
the above-mentioned goals is essential. Short- 
acting anesthetics are commonly used to facilitate 
a prompt emergence for postoperative neurologi-
cal examination. A variety of anesthetics, includ-
ing volatile agent (e.g., sevoflurane, isoflurane), 
IV sedatives (e.g., propofol, dexmedetomidine), 
and narcotics (e.g., fentanyl, remifentanil), have 
been used successfully. Nitrous oxide should 
be avoided due to the potential risk of VAE and 
pneumocephalus (discussed later). Intravenous 
anesthetics, such as propofol or dexmedetomi-
dine, can help decrease the required anesthetic 
level of volatile agent, especially if elevated ICP 
is a concern during surgery. Propofol infusion is 
very helpful to reduce the risk of postoperative 
nausea and vomiting (PONV). Dexmedetomidine 
is a highly selective α2-adrenergic receptor ago-
nist, which is notable for its ability to provide 
sedation, analgesia, and antihypertensive effects 
without causing respiratory depression [12]. 
There are evidences showing that dexmedetomi-
dine infusion helps improve surgical condition, 
optimize a patient’s  hemodynamics and improve 
clinical outcomes in patients undergoing craniot-
omy and transsphenoidal resection of a pituitary 
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tumor [12]. Remifentanil infusion has been com-
monly used during TSS in our clinical practice. 
Its ultra short-acting feature, easy titratability, 
and potent analgesic effect help tremendously in 
ensuring a patient’s immobility during surgery, 
preventing intraoperative HTN, and achieving 
a smooth emergence. In my clinical practice, 
titrating remifentanil bolus (usually 25–50  μg) 
is found to be very helpful to control temporary 
HTN or tachycardia (resulting from intermit-
tent stimulating surgical manipulations) with-
out undesired prolonged hemodynamic effects. 
Nondepolarizing neuromuscular blocking agent 
(NMBA) is also helpful to prevent a patient’s 
coughing or movement during surgery.

Induction of anesthesia was smooth and 
uneventful. The patient was intubated with the 
endotracheal tube taped at the left lower lip per 
surgeon’s request. After positioning the patient, 
you were notified that the surgical resident was 
going to prepare the patient’s nasal mucosa.

Question 8:
How does the surgeon prepare a patient’s nasal 
mucosa during TSS? What are the relevant anes-
thetic implications?

Answer:
During transsphenoidal pituitary surgery, in 
order to reduce nasal bleeding and the inten-
sity of surgical stimulation, surgeon usually 
prepares a patient’s nasal mucosa by infiltrat-
ing the nasal mucosa with vasoconstrictor (such 
as epinephrine, cocaine, or oxymetazoline) and 
local anesthetics (such as lidocaine). The sys-
temic absorption of vasoconstrictor may cause 
significant HTN, dysrhythmia, or myocardial 
ischemia, which warrants prompt treatment in 
patients with limited cardiovascular reserve. 
Short-acting vasoactive medications, such as 
nitroglycerin or esmolol, should be readily 
available. Deepening anesthesia or titrating 
short- acting opioids (such as remifentanil) may 
also be considered.

Question 9:
How would you manage intraoperative HTN 
secondary to surgical stimulations? Why is it 

particularly important to avoid HTN during 
TSS?

Answer:
TSS can be intensely stimulating and thus associ-
ated with the risk of HTN intraoperatively [13]. 
Significant HTN may worsen intraoperative 
nasal bleeding, which will interfere with surgical 
exposure under microscope or endoscope during 
TSS.  Adequate anesthesia and analgesia should 
be ensured during TSS, as discussed above, infu-
sion of remifentanil or dexmedetomidine has 
been found effective in controlling intraoperative 
HTN [14]. In my clinical practice, titrating remi-
fentanil bolus (25–50 μg) seems very helpful in 
treating temporary HTN and tachycardia result-
ing from intermittent surgical stimulations, with-
out undesired prolonged hemodynamic effects. 
Alternatively, deepening anesthesia may be con-
sidered. Short- acting vasoactive medications, 
such as nitroglycerin or esmolol, should be read-
ily available.

Question 10:
For a pituitary tumor with suprasellar extension, 
how would you manage PaCO2 if the difficulty of 
accessing the tumor is encountered during TSS?

Answer:
Controlled hypercapnia has been described as an 
effective method of temporarily raising ICP to dis-
place the suprasellar portion of a pituitary tumor 
down into the sella for excision [15]. A target 
PaCO2 of 40–45 mmHg is generally used [11, 13].

Question 11:
What are the potential benefits of placing a lum-
bar subarachnoid drain for a patient undergoing 
TSS?

Answer:
In order to facilitate accessing a pituitary tumor 
during TSS, especially a large tumor with supra-
sellar extension, some surgeons may place a 
 lumbar subarachnoid drain which allows the 
injection of saline or air into subarachnoid 
space to increase CSF pressure to deliver the 
tumor back into the sella for excision [16]. If air 
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is used, nitrous oxide must be discontinued to 
avoid the development of expanding pneumo-
cephalus [17].

Resection of a large pituitary tumor is associ-
ated with risk of CSF leak, which may lead to 
postoperative meningitis and increased length of 
hospital stay [18]. Lumbar subarachnoid drain 
placement is a measure to help decrease the inci-
dence of postoperative CSF leak or promote the 
resolution of the CSF leak postoperatively [19, 
20] by maintaining CSF decompression in the 
early postoperative period.

Question 12:
What might happen if your patient had copious 
urine output at the end of surgery? What are the 
differential diagnoses?

Answer:
The differential diagnoses include central dia-
betes insipidus (DI, discussed later), polyuria 
from hyperglycemia or overhydration, and 
diuresis from mannitol or lasix administered 
perioperatively.

Question 13:
What are the potential intraoperative complica-
tions during the transsphenoidal resection of a 
pituitary tumor for Cushing’s disease?

Answer:
 1. Hypotension may occur due to semi-sitting 

position, infusion of remifentanil or dexme-
detomidine, or copious urine output from 
above-mentioned causes.

 2. HTN and dysrhythmia may result from infil-
tration of nasal mucosa with epinephrine- 
containing local anesthetics or cocaine.

 3. Inadvertent injury to ICA or cavernous sinus 
may lead to substantial bleeding.

 4. VAE and pneumocephalus may occur as a 
result of inadvertent entry into cavernous 
sinus in semi-sitting position. Nitrous oxide 
should be discontinued immediately upon 
occurrence of VAE.

 5. Cranial nerve (CN) III, CN IV, CN V, and CN 
VI are at risk of injury due to the close prox-
imity to the sphenoid bone.

 6. DI (discussed later).

 7. Electrolyte abnormalities and hypovolemia 
may occur as a result of copious urine output.

 8. Uncontrolled hyperglycemia.

Five hours later, surgery was finished without 
issues. Before emergence, surgical resident 
placed an orogastric tube (OGT), some blood 
tinged fluid was suctioned out and the OGT was 
then removed.

Question 14:
Why is it important to decompress a patient’s 
stomach before emergence?

Answer:
During TSS, surgical dissection may lead to accu-
mulation of blood and tissue debris around the 
pharyngeal area. Therefore, a pharyngeal pack is 
sometimes placed after endotracheal intubation to 
limit the filling of stomach with blood and tissue 
debris, and reduce the likelihood of subsequent 
aspiration, nausea, or vomiting postoperatively.

In our practice, surgeon usually asks for an 
OGT from anesthesia provider and places it to 
decompress a patient’s stomach before emer-
gence. Nasogastric tube (NGT) placement, which 
may cause inadvertent trauma to surgical anasto-
mosis and consequent CSF leak, is 
contraindicated.

Question 15:
Why is it critically important to ensure a smooth 
emergence? How would you prepare for the 
emergence?

Answer:
Vigorous coughing, bucking, straining, or vomit-
ing upon emergence may precipitate hemorrhage, 
dislodgement of nasal tamponade, high ICP, and 
CSF leak (especially if there has been an intra-
operative CSF leak, that is usually resealed with 
fibrin glue or by packing the sphenoid sinus with 
fat or muscle). HTN warrants prompt treatment 
for the risk of raising ICP and bleeding.

Intraoperative remifentanil or dexmedetomi-
dine infusion [12] has been used successfully to 
achieve a smooth emergence. Non-narcotic anal-
gesic such as intravenous acetaminophen may be 
administered before emergence. Intravenous or 
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topical lidocaine may be considered to reduce the 
airway reflex upon emergence, although intrave-
nous lidocaine may potentially delay emergence 
and topical airway spray of lidocaine may poten-
tially trigger coughing if a patient is “light.” Any 
stimulating manipulations such as suctioning 
oropharyngeal airway, or removal of an OGT 
should be done promptly after surgical closure 
and before emergence from general anesthesia. 
Eye shield should be removed and a patient needs 
to be re-positioned to a sitting position to facili-
tate venous drainage, reduce ICP, and reduce the 
risk of CSF leak. Muscle relaxation should be 
fully reversed before emergence. In my practice, 
I usually move the surgical light away from a 
patient’s face, and avoid those stimulating 
maneuvers (such as shaking a patient’s shoulder) 
upon checking a patient’s response during emer-
gence. Short-acting vasoactive medications (e.g., 
nitroglycerin, esmolol) should be readily avail-
able to treat HTN upon emergence.

Your patient woke up and was extubated with-
out issues. You transferred your patient to PACU 
along with the surgical team.

Question 16:
If a patient needs positive airway pressure venti-
lation support after extubation, is it a good idea to 
perform bag-mask ventilation in PACU? If your 
patient has a history of OSA, would it be safe to 
order CPAP or BiPAP in PACU?

Answer:
In order to reduce the risk of CSF leak (espe-
cially if there has been an intraoperative CSF 
leak, which is usually resealed with fibrin glue 
or by packing the sphenoid sinus with fat or 
muscle), it is essential to avoid any maneuvers 
that may apply positive pressure to the naso-
pharyngeal airway (such as bag-mask ventila-
tion, CPAP or BiPAP, incentive spirometry) or 
any maneuvers that may traumatize the surgical 
anastomosis (such as placement of nasal trum-
pet or NGT). A face tent may be used if supple-
mental oxygen is necessary postoperatively. If 
a patient is extubated in operating room, he or 
she should be awake or at preoperative base-

line mental status and able to maintain adequate 
ventilation and oxygenation before he or she is 
transferred to PACU. This is particularly impor-
tant for a patient with history of OSA or difficult 
airway. In case a patient needs positive airway 
pressure ventilation after extubation, a laryngeal 
mask airway (LMA) may be placed to ventilate 
the patient.

15.3 Postoperative

Question 17:
What are the potential postoperative complica-
tions after transsphenoidal resection of a pituitary 
tumor for Cushing’s disease?

Answer:
 1. Hypopituitarism and pituitary apoplexy
 2. DI
 3. Electrolyte abnormalities and hypovolemia 

(as a result of copious urine output)
 4. Cranial nerve injury
 5. Ophthalmoplegia, visual change, loss of 

vision
 6. CSF leak
 7. Meningitis
 8. Ischemic stroke
 9. Airway: laryngospasm secondary to pres-

ence of blood in the oropharyngeal area, 
increased incidence of OSA due to Cushing’s 
disease

 10. Sinusitis, sinus congestion and sinus head-
ache, nasal septum perforation

Question 18:
How would you diagnose and manage DI in 
PACU?

Answer:
DI is a relative common complication of pitu-
itary surgery [21] due to decreased or loss of 
antidiuretic hormone (ADH) release. ADH is 
 synthesized in the supraoptic nuclei of the hypo-
thalamus and is transported down the supraoptic- 
hypophyseal tract to the posterior lobe of the 
pituitary gland. The mechanisms of DI include 
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diminished or absent ADH release from the 
supraoptic nuclei of the hypothalamus second-
ary to tumor mass effect or neoplastic infiltration 
[7], or secondary to dissection in and around the 
hypothalamus during TSS for a pituitary tumor 
with suprasellar extension.

DI rarely arises intraoperatively, usually 
occurs 4–12  h postoperatively, and is typically 
transient [22]. Clinical manifestations of DI are 
excessive thirst (polydipsia) despite copious fluid 
intake, hypotonic polyuria, increasing serum 
osmolality, and hypernatremia. The diagnosis is 
made based on increased plasma osmolality 
(>295 mOsmol/kg), hypotonic urine (<300 mOs-
mol/kg), and high urine output (>2  mL/kg/h) 
[23]. Urine specific gravity is usually <1.005. It is 
important to rule out other causes of polyuria, 
such as perioperative overhydration, osmotic 
diuresis secondary to mannitol administration or 
hyperglycemia.

The treatment of DI includes fluid replace-
ment and desmopressin (DDAVP) or vasopres-
sin administration. Free water deficit should be 
calculated and replaced in addition to mainte-
nance need and other losses [24]. When a patient 
can tolerate oral intake, liberal oral intake of 
water should be allowed and encouraged. If a 
patient cannot tolerate oral intake, IV fluid 
replacement is necessary. The choice of fluid is 
dictated by a patient’s electrolyte picture. 
Generally, a patient is losing fluid that is hypo-
osmolar and relatively low in sodium. Half-
normal saline and 5% dextrose in water are 
commonly used as replacement fluids [22], 
although hyperglycemia is a risk when large 
volumes of 5% dextrose in water are employed. 
If the hourly fluid requirement exceeds 350–
400 mL, DDAVP is usually administered [22]. 
DDAVP can be administered intranasally or 
intravenously. Aqueous vasopressin can be 
administered intravenously or intramuscularly. 
Serum and urine osmolality, urine specific grav-
ity, urine output, and serum sodium level need 
to be closely monitored during the treatment of 
DI. Overdose of the medications may lead to an 
iatrogenic SIADH.

Multiple Choice Questions

 1. During transsphenoid pituitary surgery, what 
are the important nerves and vasculatures that 
may be encountered?
 (a) ICA
 (b) Trigeminal nerve
 (c) Abducens nerve
 (d) Cavernous sinus
 (e) All of the above
Answer: e

The pituitary gland is located within the 
sella turcica, a boney alcove of the sphenoid. 
Critical structures surrounding the pituitary 
gland and sella turcica include [7]:

  A.  Optic nerve and chiasm, which lie superior 
to the diaphragma sellae.

  B.  Cavernous sinus, which surrounds the sella 
turcica laterally on both sides, is part of the 
brain’s dural venous sinuses and contains 
multiple nerves and vasculatures:
1. ICA
2. Oculomotor nerve (CN III)
3. Trochlear nerve (CN IV)
4.  Ophthalmic division of the trigeminal 

nerve (CN V1)
5.  Maxillary division of the trigeminal 

nerve (CN V2)
6. Abducens nerve (CN VI)

 2. The clinical manifestations of Cushing’s dis-
ease include:
 (a) Central obesity
 (b) Glucose intolerance
 (c) Osteoporosis
 (d) Emotional disturbances
 (e) All of the above
Answer: e

Cushing’s disease is caused by a pituitary 
corticotroph adenoma that secretes excessive 
ACTH, which subsequently leads to supra-
physiological secretion of glucocorticoids 
from the adrenal glands. The clinical manifes-
tations of Cushing’s disease include centripe-
tal fat distribution (“moon face,” “buffalo 
hump,” central obesity), HTN, glucose intol-
erance, DM, cardiac disease, osteoporosis, 
adrenal hyperplasia, abdominal striae, easy 
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bruisability with thin skin, immunosuppres-
sion, poor wound healing, menstrual irregu-
larity, decreased libido, impotence, emotional 
disturbance, generalized weakness and 
fatigue, acne, and hirsutism.

 3. What is the rationale for controlled hypercap-
nia if any difficulty of accessing a pituitary 
tumor with suprasellar extension is encoun-
tered during TSS?
 (a) Temporary increase in ICP.
 (b) Displacement of the suprasellar portion of 

a pituitary tumor down into the sella.
 (c) A target PaCO2 of 40–45 mmHg is gener-

ally used.
 (d) All of the above.
Answer: d

Controlled hypercapnia has been described 
as an effective method of temporarily raising 
ICP to displace the suprasellar portion of a 
pituitary tumor down into the sella for exci-
sion [15]. A target PaCO2 of 40–45 mmHg is 
generally used [11, 13].

 4. What are the potential intraoperative compli-
cations during the transsphenoidal resection 
of a pituitary tumor for Cushing’s disease?
 (a) Vascular injury and bleeding
 (b) VAE
 (c) Cranial nerve injury
 (d) Temporary HTN or dysrhythmia during 

infiltration of nasal mucosa with local 
anesthetics

 (e) All of the above
Answer: e

The potential intraoperative complications 
during the transsphenoidal resection of a pitu-
itary tumor for Cushing’s disease include:
1.  Hypotension may occur due to semi-sitting 

position, infusion of remifentanil or dexme-
detomidine, or copious urine output from 
above-mentioned causes.

2.  HTN and dysrhythmia may result from 
infiltration of nasal mucosa with epineph-
rine-containing local anesthetics or 
cocaine.

3.  Inadvertent injury to ICA or cavernous 
sinus may lead to substantial bleeding.

4.  VAE and pneumocephalus may occur as a 
result of inadvertent entry into cavernous 

sinus in semi-sitting position. Nitrous oxide 
should be discontinued immediately upon 
occurrence of VAE.

5.  Cranial nerve (CN) III, CN IV, CN V, and 
CN VI are at risk of injury due to the close 
proximity to the sphenoid bone.

6.  DI.
7.  Electrolyte abnormalities and hypovolemia 

may occur as a result of copious urine 
output.

8.  Uncontrolled hyperglycemia.
 5. If your patient needs positive airway pressure 

ventilation support after extubation, which of 
the following is an appropriate choice for a 
patient who just had TSS?
 (a) Bag-mask ventilation
 (b) CPAP
 (c) BiPAP
 (d) LMA
Answer: d

In order to reduce the risk of CSF leak 
(especially if there has been an intraoperative 
CSF leak, which is usually resealed with 
fibrin glue or by packing the sphenoid sinus 
with fat or muscle), it is essential to avoid any 
maneuvers that may apply positive pressure 
to the nasopharyngeal airway (such as bag-
mask ventilation, CPAP or BiPAP, incentive 
spirometry) or any maneuvers that may trau-
matize the surgical anastomosis (such as 
placement of nasal trumpet or NGT). A face 
tent may be used if supplemental oxygen is 
necessary postoperatively. If a patient is extu-
bated in operating room, he or she should be 
awake or at preoperative baseline mental sta-
tus and able to  maintain adequate ventilation 
and oxygenation before he or she is trans-
ferred to PACU.  This is particularly impor-
tant for a patient with history of OSA or 
difficult airway. In case a patient needs posi-
tive airway pressure ventilation after extuba-
tion, a LMA may be placed to ventilate the 
patient.

 6. If a patient has copious urine output in PACU, 
what are the differential diagnoses?
 (a) DI
 (b) Polyuria secondary to hyperglycemia
 (c) Overhydration

H. Yang
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 (d) Polyuria secondary to mannitol 
administration

 (e) All of the above
Answer: e

DI is a relative common complication of 
pituitary surgery [21] due to decreased or loss 
of ADH release. ADH is synthesized in the 
supraoptic nuclei of the hypothalamus and is 
transported down the supraoptic-hypophy-
seal tract to the posterior lobe of the pitu-
itary gland. The mechanisms of DI include 
diminished or absent ADH release from the 
supraoptic nuclei of the hypothalamus sec-
ondary to tumor mass effect or neoplastic 
infiltration [7], or secondary to dissection in 
and around the hypothalamus during TSS 
for a pituitary tumor with suprasellar 
extension.

DI rarely arises intraoperatively, usually 
occurs 4 to 12 h postoperatively, and is typi-
cally transient [22]. Clinical manifestations 
of DI are excessive thirst (polydipsia) despite 
copious fluid intake, hypotonic polyuria, 
increasing serum osmolality, and hypernatre-
mia. The diagnosis is made based on increased 
plasma osmolality (>295 mOsmol/kg), hypo-
tonic urine (<300  mOsmol/kg), and high 
urine output (>2  mL/kg/h) [23]. Urine spe-
cific gravity is usually <1.005. It is important 
to rule out other causes of polyuria, such as 
perioperative overhydration, osmotic diuresis 
secondary to mannitol administration or 
hyperglycemia.

The treatment of DI includes fluid replace-
ment and desmopressin (DDAVP) or vaso-
pressin administration. Free water deficit 
should be calculated and replaced in addition 
to maintenance need and other losses [24]. 
When a patient can tolerate oral intake, lib-
eral oral intake of water should be allowed 
and encouraged. If a patient cannot tolerate 
oral intake, IV fluid replacement is neces-
sary. The choice of fluid is dictated by a 
patient’s electrolyte picture. Generally, a 
patient is losing fluid that is hypo-osmolar 
and relatively low in sodium. Half-normal 
saline and 5% dextrose in water are com-
monly used as replacement fluids [22], 

although hyperglycemia is a risk when large 
volumes of 5% dextrose in water are 
employed. If the hourly fluid requirement 
exceeds 350–400  mL, DDAVP is usually 
administered [22]. DDAVP can be adminis-
tered intranasally or intravenously. Aqueous 
vasopressin can be administered intrave-
nously or intramuscularly. Serum and urine 
osmolality, urine specific gravity, urine out-
put, and serum sodium level need to be 
closely monitored during the treatment of 
DI. Overdose of the medications may lead to 
an iatrogenic SIADH.
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Management of Patient 
with Posterior Fossa Tumor

Nidhi Gupta

Stem Case Terminology
A 58-year-old man, weighing 86 kg, presented 
to the neurosurgical outpatient department of a 
tertiary care hospital with a history of “on and 
off” headache, mild to moderate in intensity, 
lasting for few hours, since past 3 months. The 
headaches were associated with occasional 
episodes of vomiting initially, which increased 
in frequency in last 1 month. The patient also 
complained of transient blurring of vision in 
left eye since last 1 month. There was no asso-
ciated history of any limb weakness, difficulty 
in swallowing or speech and gait disturbance. 
There were no associated comorbidities.

On clinical evaluation, the patient was 
conscious and oriented. Bilateral pupils were 
equal in shape (2 mm in diameter) and react-
ing to light. Visual field testing done by con-
frontation method was normal in both eyes. 
Cranial nerve (CN), motor and sensory exami-
nation were normal.

Magnetic resonance imaging (MRI) brain 
scanning was done which revealed a hetero-
geneous lobulated solid cystic mass lesion, 
measuring approximately 5.9 × 5.5 × 3.6 cm 
in the region of posterior third ventricle and 
pineal gland, the quadrigeminal plate cistern 
with extension into the superior cerebellar 
cistern and into the interhemispheric region at 
the level of body of lateral ventricle. Multiple 

small gradient recalled echo susceptible foci 
were noted within the mass suggestive of either 
hemorrhagic foci or calcification. The mass 
was found encasing the internal cerebral veins 
and the great cerebral vein. There was an asso-
ciated mild obstructive dilatation of both lat-
eral ventricles with mild periventricular ooze. 
Findings were overall suggestive of a pineal 
gland neoplasm or a tectal plate neoplasm.

Next day, the patient was posted for craniot-
omy and tumor decompression via a supracere-
bellar infratentorial approach in sitting position.

16.1 Preoperative

Question 1:
What preoperative preparation would you con-
sider for this patient and why?

Answer:
In addition to the routine pre-anesthetic check 
(PAC) as per institutional protocols, the 
 preoperative evaluation of a patient posted for 
posterior fossa craniotomy entails special consid-
erations regarding the proposed surgical approach 
and patient positioning [1–4].

Patients are primarily evaluated for electrolyte 
imbalance and signs of dehydration in view of 
frequent vomiting episodes, followed by their 
optimization. Preoperative blood group and cross 
matching is mandatory and adequate blood 
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should be arranged considering the size, vascu-
larity, and close approximation of the tumor with 
cerebral veins. A detailed neurological examina-
tion is performed, specifically documenting the 
lower CN function including cough and gag 
reflex.

Since this patient is planned for surgery in the 
sitting position, care should be taken to assess his 
suitability for undergoing surgery in this very 
demanding position. The normal physiological 
range of head and neck flexion and rotation 
should be checked and any restriction of neck 
mobility and symptoms of dizziness and/or par-
esthesias of limbs on neck flexion are noted. In 
case any restriction in range of motion is detected, 
further evaluation of cervical spine is to be done 
through neck sagittal MRI to rule out severe cer-
vical degenerative disease. If patient complains 
of dizziness on neck flexion, Doppler study of 
neck vessels should be done to rule out carotid 
insufficiency. The head MRI scans are also 
reviewed for the exact anatomical location of the 
tumor, its vascularity and relationship with sur-
rounding big vessels and dural venous sinuses, in 
order to determine the intraoperative risk for 
blood loss and venous air embolism (VAE).

The patient should be evaluated by a cardiolo-
gist to rule out a right-to-left shunt [most com-
monly through a patent foramen ovale (PFO)] 
either by contrast-enhanced transcranial Doppler 
examination or by transesophageal echocardiog-
raphy (TEE) during the Valsalva maneuver with 
an intravenous echo-contrast medium, to identify 
patients at high risk of paradoxical air embolism 
(PAE) [5–7]. If perioperative use of TEE is con-
templated for hemodynamic and VAE monitor-
ing, then the patient should also be assessed for 
contraindications to transesophageal access, 
including any esophageal pathology such as stric-
ture, mass, or a previous esophageal surgery.

In presence of any known contraindication to 
sitting position (Table  16.1), the surgical team 
should be notified and discussed for a suitable 
alternative. Furthermore, irrespective of the sur-
gical approach and extent of surgical resection, a 
detailed informed anesthesia consent should be 
taken explaining the probable need for postopera-
tive ventilation and extended neurointensive care 

unit (NICU) stay in view of the close proximity 
of the lesion to the brainstem.

Question 2:
Would you advise any preoperative medication to 
this patient?

Answer:
Cerebrospinal fluid (CSF) pathway within the 
posterior cranial fossa is very narrow (through 
the cerebral aqueduct), with high risk of com-
pression or obstruction caused by the surround-
ing edema or tumor mass itself. Hence, even a 
minor preoperative fluctuation within the volume 
of intracerebral contents has the potential to 
cause sudden life-threatening increase in intra-
cranial pressure (ICP). Consequently, sedative 
premedication is generally avoided in patients 
with posterior fossa lesions with their inherent 
risk of hypoventilation and hypercarbia, thus 
increasing cerebral blood volume.

However, since this patient is neurologically 
intact with no signs and symptoms of an acute rise 
in ICP, a short-acting benzodiazepine (intravenous 
midazolam, maximum dose 0.02 mg/kg) may be 
given in the preoperative room while being moni-
tored by pulse oximetry, in case he is anxious [4].

Question 3:
What are the surgical complexities involved in 
this patient?

Table 16.1 Contraindications to the sitting position

Absolute
   1. Patent ventriculoatrial shunt
   2. Signs of cerebral ischemia when upright and 

awake
Relative
   1. Patent foramen ovale
   2. Right to left pulmonary-systemic shunt
   3. Cervical spine instability
   4. Severe cervical canal stenosis
   5. Extremes of age
   6. Hemodynamically unstable
   7. Severe cardiac disease
   8. Severe hypovolemia
   9. Severe autonomic neuropathy
  10. Anesthesia or surgical team not familiar with 

the position
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Answer:
The posterior fossa craniotomy poses specific 
challenges to the neurosurgeon in view of the 
limited maneuverability provided by the narrow 
confines of posterior cranial fossa and the pres-
ence of high density of critical neural structures 
such as CN nuclei; oculomotor, swallowing and 
coughing reflex pathways, sensory and motor 
pathways, cardiovascular and respiratory centers, 
and the reticular activating system, along with 
their challenging blood supply [8, 9].

Consequently, surgical manipulation close to 
brainstem (viz. brain retraction, tumor resection, 
coagulation, etc.) may result in iatrogenic injury 
to the brainstem’s blood supply or direct CN 
damage with grave neurological and cardiovas-
cular sequelae. The presence of multiple large 
veins within the tumor mass (as evident in MRI 
scan) and venous sinuses contained within the 
dural folds of the tentorium further adds to the 
risk of profuse bleeding and air entrainment dur-
ing surgery, leading to hemodynamic instability 
and VAE.  In addition, operating on a patient 
placed in the sitting position, though beneficial 
from surgical standpoint for large and vascular-
ized tumors in posterior cranial fossa, is tiresome 
for the surgeons and demands expertise.

Question 4:
What are the surgical advantages of a sitting posi-
tion for posterior fossa lesions?

Answer:
Performing posterior fossa surgery with the 
patient in the sitting/semisitting position offers 
several technical advantages to the neurosur-
geons and the neuroanesthesia teams over the 
other proposed positions for posterior fossa cra-
niotomy, viz. lateral, park-bench, and prone posi-
tion (Table 16.2). Most importantly, it allows an 
easy surgical orientation and favors the gravity- 
assisted fall of the cerebellum away from the sur-
gical field, thus avoiding prolonged cerebellar 
retraction that can be source of cerebellar 
sequelae [1, 2, 4].

Nonetheless, the sitting position fell out of 
favor in the last three decades in view of the ris-

ing medico-legal concerns from an increased fear 
of rare but possible serious complications, includ-
ing VAE, PAE, intraoperative hypotension, and 
tension pneumocephalus (Table 16.3) [1, 10]. In 
addition, some surgeons avoid this position citing 
certain disadvantages such as time-consuming 
positioning, tiring standing procedure, and an 
inadequate positioning of the operating micro-
scope. On comparing the outcomes following 
complex posterior fossa surgery performed in the 
sitting versus lateral position, Spektor et al. found 
no advantage in surgical or neurological out-
comes for use of the sitting surgical position over 
the lateral position in technically difficult poste-
rior fossa procedures [11]. Authors thus sug-
gested that the choice of operative position 

Table 16.2 Advantages of the sitting position

For the Neurosurgeon:
  1. Easier anatomical orientation
  2. Improved visualization of midline and deeper 

structure such as the pineal region and the 
petroclival junction, with less need for cerebellar 
retraction

  3. Cleaner surgical field due to gravity-aided 
cerebellar retraction and drainage of the 
cerebrospinal fluid, blood, or irrigation fluid from 
the operative field

  4. Reduced need for bipolar coagulation and 
suction allows surgeon for bimanual dissection with 
an overall reduced surgical time

  5. Reduced need for electrocautery also helps to 
preserve the defined interface between the tumor 
and the surrounding brain structures

  6. Better preserved CN function as the tumor falls 
away from the CN instead of onto them

  7. Reduced intraoperative blood loss and reduced 
blood transfusion requirements

For the Neuro-anesthesiologist:
  1. Immediate access to the airway and chest wall in 

case of respiratory or cardiac complications
  2. Improved ventilation with lower airway pressure 

and free diaphragmatic movements
  3. Decreased intracranial pressure
  4. Provides an unobstructed view of the patient’s 

face, enabling observation of motor responses to 
CN stimulation

  5. Easy access to the extremities for monitoring, 
fluid or blood administration, and blood 
sampling
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should be based on lesion characteristics and the 
patient’s preoperative medical status as well as 
the experience and preferences of the surgeons 
performing the procedure.

From the perspective of lesion characteristics, 
the supra-cerebellar infratentorial approach in the 
sitting position remains the most frequently used 
approach for pineal region tumors as it provides 
an extra cerebral corridor to approach the pineal 
region and is not associated with any morbidity 
that is related to the retraction of the parietal or 
the occipital lobes [8]. Furthermore, recent litera-
ture from several large prospective case series of 
patients undergoing neurosurgery in semisitting 
position confirms its safety when used by experi-
enced teams and with modern monitoring tech-
niques [5, 6, 12–14]. Recently, Choque-Velasquez 
J et  al. described the “praying (steeper sitting) 
position” as a safer and more ergonomic variant 
of sitting position for pineal region surgery, 
which may reduce some of the risks associated 
with sitting position [14].

Question 5:
Is presence of a PFO an absolute contraindication 
for posterior fossa craniotomy in a semisitting 
position?

Answer:
Traditionally, PFO has been considered a contra-
indication for surgery in the semisitting position, 
because any episode of VAE can potentially 
result in PAE through the right-to-left shunt caus-
ing end-organ damage, including cerebral infarc-
tion [15]. However, recent literature have shown 
that in experienced medical centers, PAE can be 
avoided via a detailed preoperative workup by a 
cardiologist, preoperative closure of PFO (if indi-
cated), and close intraoperative monitoring of the 
patient for prompt detection and management of 
any episode of VAE [5–7].

In a recent systematic review evaluating the 
incidence and severity of PAE in 82 patients with a 
PFO who underwent neurosurgical procedures in 
the semisitting position, no single episode of PAE 
was identified despite an occurrence of VAE in 33 
of these 82 patients (40.2% incidence of VAE) [7]. 
Faithi et al. have suggested screening and endovas-
cular PFO closure before surgery in the semisitting 
position to prevent thromboembolic stroke, with 
the procedural mean success rate of 99% and less 
than 1% risk of severe procedure- related compli-
cations [6]. However, following PFO closure, pos-
terior fossa surgery has to be electively postponed 
for 4–6 weeks as the patients are started on anti-
platelet therapy (aspirin 75  mg and clopidogrel 
75 mg once daily for 1 month, followed by aspirin 
alone for 6 months) [16].

It is also important to acknowledge that PAE 
across a PFO may occur during neurosurgical 
procedures in non-sitting positions as well [5, 6]. 
Valsalva maneuver, coughing, breath-holding or 
straining on endotracheal tube (ETT) during 
induction or emergence from anesthesia are 
known to transiently increase right atrial (RA) 
pressure, exceeding left atrial pressures, thereby 
predisposing to an increased risk of PAE. Hence, 
considering the low incidence of PAE in patients 
with PFO who undergo surgery in the semisit-
ting position along with the small but definite 
risk of PFO closure, performing neurosurgery 
without previous endovascular PFO closure 
appears to be reasonably safe option provided 
that the operating teams are well experienced in 
preventive and management strategies for 
VAE. Nonetheless, as recommended by Klein J 

Table 16.3 Potential complications of the sitting 
position

 1. Increased incidence of venous air embolism with 
possible paradoxical air embolism
 2. Intraoperative hemodynamic instability
 3. Symptomatic tension pneumocephalus
 4. Acute subdural hematoma
 5. Laryngeal or lingual edema (including trauma 
from a TEE probe)
 6. Quadriplegia due to excessive neck flexion
 7. Pressure points sores
 8. Compressive peripheral neuropathy
 9. Coagulopathy
10. Myocardial ischemia (New ST-T wave changes in 
ECG)
11. Significant impairment of pulmonary gas 
exchange
12. Neurogenic pulmonary edema
13. Arrhythmias
14. Pulmonary hypertension
15. Acute right ventricular failure
16. Cardiac arrest
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et  al. preoperative PFO closure should be con-
sidered in patients with significantly higher risk 
of PAE viz. a large- diameter PFO (>4 mm) [13]; 
permanent right-to-left shunt, and past history of 
paradoxical embolism, such as a cryptogenic 
stroke [7]. Alternatively, if the risk of PAE is 
considered too high, one should preferably opt 
for an optional horizontal position [3].

Overall, in the wake of current literature, pres-
ence of a PFO does not disqualify a patient from 
undergoing neurosurgery in the semisitting posi-
tion, albeit with appropriate monitoring [17].

16.2 Intraoperative

Question 6:
What are your anesthetic goals for this patient?

Answer:
The anesthetic goals for this patient include the 
basic neuro-anesthetic principles, which are 
inherent to any intracranial neurosurgical proce-
dure along with intraoperative goals pertinent for 
a posterior fossa craniotomy in sitting position 
[2, 4]. These include:

 (a) Attaining an optimal patient positioning with 
minimum possibility of positioning-related 
hazards to the patient.

 (b) Maintaining intraoperative arterial pres-
sure close to pre-induction values to pre-
serve cerebral perfusion in upright position 
and reduce any risk of cerebral ischemic 
injury.

 (c) Titrating intraoperative anesthetics to main-
tain an adequate depth of anesthesia while 
avoiding hemodynamic instability.

 (d) Providing optimal operating conditions to 
the surgeon with lax brain.

 (e) Providing optimum conditions for intraoper-
ative neurophysiological monitoring 
(IONM).

 (f) Prevention, early identification, and effective 
management of VAE and intraoperative 
hypotension.

 (g) To allow smooth emergence with early awaken-
ing so as to facilitate neurological assessment.

Question 7:
What will be your anesthetic induction plan for 
this patient?

Answer:
During anesthetic induction in a patient undergo-
ing posterior fossa craniotomy, particular care 
should be taken to avoid hypotension, hypoxia, 
and hypercapnia, to prevent cerebral ischemia 
and brain stem herniation in view of low compli-
ance of the posterior fossa [2].

Anesthetic induction is achieved with the 
usual intravenous induction doses of an opioid- 
based analgesic (1–2  μg/kg fentanyl), hypnotic 
agent (4–6  mg/kg thiopental or 1.0–1.5  mg/kg 
propofol), and a muscle relaxant (1  mg/kg 
rocuronium) to facilitate endotracheal intubation. 
A reinforced ETT is preferred to prevent its kink-
ing during neck flexion in sitting position.

Routine anesthetic monitoring during induc-
tion includes 5-lead electrocardiography (ECG), 
noninvasive blood pressure measurements, 
pulse oximetry, and the bi-spectral index moni-
toring. After intubation, a TEE probe or a PCD 
probe is placed for intraoperative VAE monitor-
ing. If a TEE probe is used, then either a mouth 
guard or a small oral airway should also be 
inserted, to prevent the injury to tongue and 
lips. In particular, care should be taken to avoid 
large oral airways or bite blocks to prevent 
obstruction of venous drainage from the face 
and tongue after neck flexion in sitting 
position.

In patients with poor preoperative gag and 
cough reflex and those with possible postopera-
tive lower CN dysfunction, a nasogastric tube 
should be inserted after intubation to prevent 
postoperative aspiration pneumonia.

Question 8:
What all invasive monitoring modalities would 
be required intraoperatively for the safe conduct 
of the surgery?

Answer:
During posterior fossa surgeries, patients are 
susceptible to intraoperative hemodynamic 
instability secondary to blood loss, cardiac 
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arrhythmias, and VAE. Invasive arterial monitor-
ing is thus, mandatory in these patients so as to 
allow continuous assessment of arterial blood 
pressure and repeated blood gas analysis in the 
event of massive bleeding. In addition, insertion 
of a triple lumen central venous catheter (CVC) 
is quintessential as it is helpful for aspirating air 
from circulation during an event of 
VAE. However, precautions should be taken to 
ensure that the tip of the multi-orifice catheter is 
located 2 cm below the junction of the superior 
venae cava and RA at an inclination of 80° for 
maximal efficacy while aspirating air [18]. 
Appropriate placement of the tip of catheter may 
be confirmed either by plain chest X-ray, real-
time X-ray imaging, intravascular ECG (point of 
large negative P complex), with TEE guided 
placement or by withdrawing the catheter after 
eliciting right ventricular waveform on pressure 
transducer.

Semi-invasive cardiac output monitoring via a 
PiCCO system (Pulsion Medical Systems, 
Munich, Germany and Philips Medical Systems) 
or the Vigileo FloTrac (Edwards LifeSciences, 
Irvine, CA) is specifically recommended in high- 
risk surgical cases with poor cardiac reserves for 
continuous cardiac output monitoring. In addi-
tion, it has also been found useful in sitting posi-
tion craniotomies for goal-directed hemodynamic 
management, by minimizing the volume of col-
loids transfused intraoperatively to combat intra-
operative hemodynamic instability or 
positioning-related hypotension [19].

Question 9:
What is the role of IONM in patients undergoing 
posterior fossa craniotomy?

Answer:
IONM techniques, primarily comprising of 
somatosensory evoked potentials (SSEPs), tran-
scranial electrical motor evoked potentials 
(MEPs); brainstem auditory evoked responses 
(BAERs); direct electrical stimulation and spon-
taneous free-running electromyography (EMG) 
play an important role in ensuring the safety of 
patient positioning and preserving critical neural 
structures during neurosurgical procedures.

As discussed previously (in Question 3), the 
posterior fossa neurosurgical procedures are 
associated with a high risk of devastating neuro-
logical deficits. The CN nuclei and pathways 
may be compromised at any step of surgery 
either by their direct or indirect injury (via 
stretching or compression, irrigation, temporal 
bone drilling, use of bipolar electrocauteriza-
tion, tumor removal with a Cavitron ultrasonic 
surgical aspirator) or by their vascular compro-
mise (vessel injury, occlusion, or vasospasm). 
IONM signal alterations provide immediate 
warning signs to allow timely changes in the 
surgical strategy or patient’s hemodynamics, 
such as stopping surgical stimulus, saline irriga-
tion of operative field to dissipate heat, install-
ing local nimodipine to relieve vasospasm, or 
increasing the blood pressure [9]. IONM signal 
alterations also help to identify the course of 
CNs in patients with grossly large tumors and 
severely distorted surgical anatomy by provid-
ing immediate feedback during dissection and 
thus facilitate gross total tumor resection with 
minimal neural morbidity.

Facial nerve (CN VII) and vestibulocochlear 
nerve (CN VIII) are specifically at risk during 
cerebellopontine angle, posterior fossa, or brain 
stem surgery and thus need to be monitored con-
tinuously. The current standard techniques for 
intraoperative facial nerve monitoring includes 
direct electrical stimulation over the posterior 
fossa structures generating the compound muscle 
action potentials (CMAP) in the ipsilateral facial 
muscles, free-running EMG, and transcranial 
facial nerve motor evoked potentials (FNMEP) 
[20, 21]. Song et  al. have demonstrated that a 
high delta FNMEP (delta FNMEP  =  postopera-
tive stimulus threshold level-preoperative stimu-
lus threshold level) of 75 V has 100% sensitivity 
and 98.8% specificity for predicting short- and 
long-term facial nerve function damage after a 
cerebellopontine angle tumor surgery [21]. CN 
VIII monitoring can be successfully achieved by 
using BAERs, electrocochleography, and com-
pound nerve action potentials of the cochlear 
nerve [22].

Lower CN monitoring is employed more fre-
quently in patients with larger posterior fossa 
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tumors, skull base tumors, and in cases of recur-
rences where significant adhesions are antici-
pated. Spinal accessory nerve and the 
hypoglossal nerve can be monitored intraopera-
tively via EMG and CMAP after electrical stim-
ulation from relevant muscles (trapezius or 
sternocleidomastoid muscle for spinal acces-
sory nerve and the lateral aspect of the anterior 
third of the tongue for hypoglossal nerve) [23]. 
In comparison, vagus nerve monitoring is highly 
demanding and complex in nature and requires 
either a special monitoring ETT or esophageal 
electrodes. Recently, Sinclair et  al. have 
described a novel methodology for intraopera-
tive neuro-monitoring of laryngeal and vagus 
nerves by utilizing the laryngeal adductor 
response. This brainstem reflex protects the lar-
ynx from aspiration which is highly relevant in 
patients undergoing posterior fossa/brain stem 
tumor surgery [24].

Slotty et  al. have revealed that surgery of 
tumors located at the petroclival face of the pos-
terior fossa or at the tentorium is associated not 
only with a higher incidence of CN deficits, but 
also with alterations in MEPs/SSEPs, which are 
likely to be followed by devastating neurological 
sequelae in a high percentage of cases [9]. MEP/
SSEP monitoring also provides information 
regarding depth of anesthesia and rare incidents 
outside of the surgical field such as stroke, remote 
bleeding, or nerve damage caused by patient 
positioning. SSEP may also help to monitor cere-
bral and/or spinal cord hypoperfusion and isch-
emia related to hypotension in the sitting position 
and should be monitored continuously during 
neck flexion and patient positioning.

Question 10:
Any other specific monitoring which you would 
consider in this patient?

Answer:
Considering high risk of intraoperative VAE 
(because of seated position and high vascularity 
of tumor), monitoring for its timely detection is 
of paramount importance during this surgery. 
The three most commonly recommended moni-
tors for VAE detection during neurosurgical pro-

cedures (in order of decreasing sensitivity) 
include the TEE, PCD and monitoring end-tidal 
carbon dioxide (EtCO2) by capnography [4] 
(Table 16.4).

As no single monitor is 100% sensitive or 
specific, it is recommended to use more than 
one monitoring modality during posterior fossa 
surgery, especially during sitting position. 
Currently, TEE is considered the gold standard 
monitoring modality to detect VAE as well as 
PAE. However, it tends to overestimate the inci-
dence of VAE by detecting even small amounts 
of air emboli that have no clinical significance 
[5, 25]. Furthermore, it is more invasive and not 
necessarily specific for VAE as even rapid intra-
venous infusion can be confused with VAE. On 
contrary, PCD is the most sensitive noninvasive 
monitor for VAE and is mostly used in combina-
tion with EtCO2 monitoring as a standard of 
care for VAE detection. The Doppler probe is 
placed at the left or right parasternal positions 
between the third and sixth intercostal space to 
assess any change in the quality of sound (a 
chirping or roaring sound), possibly indicating 
the occurrence of VAE.

Capnography detects the impairment in pul-
monary gas exchange as a result of air entering 
the pulmonary circulation via the right heart, 
and thus filling the pulmonary capillaries lead-
ing to a decline in end-expiratory CO2. Though 
non- specific for VAE, Pandia et  al. have sug-
gested that continuous capnography alone is 
sensitive enough to provide an early warning 
of any potentially clinically significant VAE 
[25]. However, in a recent large retrospective 
study of clinically diagnosed VAE during sit-
ting neurosurgical procedures, Kapurch et  al. 
have shown that occasionally some patients 
with significant hemodynamic changes have 
minimal to no change in EtCO2 while some 
with minimal hemodynamic changes have 
large reductions in EtCO2 during VAE [26]. 
Hence, in absence of specific monitors for VAE 
detection, intraoperative VAE should still be 
considered as a diagnostic probability in 
patients who experience significant but unex-
plained events of hypotension despite minimal 
changes in EtCO2.
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Question 11:
The surgery is planned in a semisitting position. 
How will you position your patient and what pre-
cautions would you take?

Answer:
Patient positioning in semisitting position for a 
neurosurgical procedure involves an excellent 
teamwork by the neurosurgeons, neuroanesthe-
siologists, and operating room (OR) technicians. 

Prior to positioning, all the necessary equipment 
and table fixtures are to be kept inside the OR 
and the operating table is covered with a full- 
length viscoelastic foam mattress or flat, large, 
silicone pads to reduce the possibility of pres-
sure sores during the lengthy surgical 
procedure.

All aspects of positioning should be discussed 
in detail with the entire team and specific tasks 
should be assigned to the appropriate person.

Table 16.4 Monitors for detection of venous air embolism

Modality Sensitivity Advantages Disadvantages
Transesophageal 
echocardiography

Highest 
(0.02 mL/
kg)

Gold standard for VAE and 
PAE monitoring
Most sensitive monitor
Objective monitoring of 
VAE
Gives information about the 
size of the embolus and its 
progression
Helps in intraoperative 
detection of a PFO or other 
possible pulmonary- 
systemic shunt before 
placing the patient in the 
sitting position
Assists in optimal 
positioning of the tip of 
CVC

Invasive
Expensive
Requires operator expertise and constant 
vigilance
Non-quantitative
Can cause laryngeal and oral trauma
Almost too sensitive (detecting even small 
amounts of air emboli that have no clinical 
significance)
Rapid intravenous infusion can be confused 
with VAE (differentiation between the two can 
be done by slowing the infusion)

Precordial Doppler High 
(0.05 mL/
kg)

Considered standard of care 
for VAE (along with EtCO2 
monitoring)
Noninvasive
High sensitivity (small 
emboli can be detected)
Detects air before it enters 
the pulmonary circulation

Non-specific
Changes in audible sound may also occur with 
changes in heart rhythm (atrial premature 
contraction, ventricular premature contraction, 
changes from sinus to junctional rhythm, etc.), 
and even rapid intravenous injection of small 
amounts of fluid/mannitol crystals
Non-quantitative
Electrical interference due to the activation of 
the electrocautery equipment
False negative results in approximately 10% of 
cases where air does not pass beneath 
ultrasonic beam
Continuous embolism is easily missed, as the 
ear detects changes in sound more readily than 
an “abnormal” sound
Difficult to position the probe accurately in 
obese patients, patients with chest wall 
deformity and during prone and lateral patient 
positioning

End-tidal CO2 
monitoring by 
capnography

Moderate 
(0.15 mL/
kg)

Continuous objective 
monitoring
Useful quantitative 
indication of the severity of 
VAE
Noninvasive

Less sensitive
Not specific
Not reliable in the event of systemic 
hypotension, tachypnea, patients with chronic 
obstructive pulmonary disease and blocked or 
kinked sampling line
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Since sitting position is associated with major 
physiological changes throughout the cardiore-
spiratory and central nervous system (Table 16.5), 
it should be achieved in a stepwise manner with 
minimal interruptions in monitoring. 
Prepositioning controlled fluid loading is a pre- 
requisite to prevent positioning-related hypoten-
sion [15, 19]. In general, intravenous fluids 
should be infused to achieve a mean arterial pres-
sure higher than 60  mm Hg or, in the case of 

patients at high cardiac risk, to achieve a stroke 
volume > 60 mL per beat [13].

The important steps of sitting/semisitting posi-
tioning include:
 (a) Once the patient is intubated and all moni-

toring modalities are in place, the Mayfield- 
Kees head clamp is applied by the surgeon, 
with the patient in supine position. Patient is 
then gradually moved upwards on the table 
to place his/her hips at the level of the surgi-
cal table flexing place, so that the shoulders 
remain 10–15 cm above the cranial edge of 
the table.

 (b) The head end of the OR table is elevated 
slowly first followed by the Trendelenburg 
tilt of table alternatively in a graded manner, 
finally elevating the patient’s head by 30°–
45°. As the increase in the degree of head 
elevation is directly related to the amount of 
air entrainment into bloodstream, elevating 
patients head by just 30° only seems a safer 
option with a lower incidence of VAE as 
compared to that with 45° head elevation 
[27].

 (c) In the modified semisitting position, the 
upper body and legs are elevated by bending 
the operating table to a position in which the 
hip is flexed to a maximum of 90° [15]. A 
30° flexion of the knees is maintained by 
placing pillows beneath the knees to avoid 
sciatic neuropathy or tendon injuries to the 
lower limbs [28]. The inclination of the 
whole operating table is then changed to a 
lower head and higher legs position (as high 
as the vertex), to achieve a positive venous 
pressure at the operation site, thereby reduc-
ing the risk of an air embolism [3, 5, 15].

 (d) The head holder is then fixed to the Mayfield 
crossbar adaptor with the patient’s head 
straight and flexed, keeping in mind the phys-
iological range of neck movements noted pre-
viously during PAC. While flexing the neck, a 
minimum two-finger breadth (approx. 
3–4 cm) distance is to be maintained between 
the chin and the sternal manubrium to pre-
vent: (1) obstruction of venous outflow at the 
level of the internal jugular veins (which may 

Table 16.5 Changes of physiologic parameters in car-
diovascular, respiratory, and central nervous system in 
anesthetized patient in sitting position

Cardiovascular 
changes

• Decrease in venous return 
because of hydrostatic effect of 
gravity
• Increase in heart rate
• Decrease in stroke volume 
along with little less fall in 
cardiac output (compensated by 
an increase in heart rate)
• Fall in systolic blood pressure 
and mean arterial pressure
• Decrease in pulmonary 
capillary wedge pressure
• Increase in systemic and 
pulmonary vascular resistance

Respiratory 
changes

• Increase in total lung capacity 
and functional residual capacity 
because of a downward shift of 
the diaphragm
• Lower airway pressures
• Decrease in intrapulmonary 
shunt
• Decrease in ventilation/
perfusion mismatch
• Less basal atelectasis with 
improved ventilation of 
dependent zones
• Hypovolemia may affect 
oxygenation by decreasing 
pulmonary perfusion pressure
• Arterial oxygenation may also 
decrease because of low cardiac 
output

Central nervous 
system changes

• Decrease in intracranial 
pressure
• Gravity assisted increase in 
cerebral venous and cerebrospinal 
fluid drainage
• Cerebral perfusion pressure is 
maintained (provided 
hypotension is avoided and/or 
treated timely)
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cause an increase in ICP), (2) obstruction of 
arterial inflow (which may cause cerebral 
hypoperfusion), (3) potential kinking of the 
ETT, (4) pressure at the tongue (which may 
cause macroglossia), and (5) cervical cord 
ischemia caused by prolonged focal pressure 
on the spinal cord.

Extra caution is advised if TEE is used 
for VAE monitoring, because the esophageal 
probe lies between the flexed spine and the 
airway and ETT, adding to the potential for 
compression of laryngeal structures and the 
tongue. Ideally, head flexion should be done 
under SSEP monitoring to monitor for cer-
vical cord ischemia, especially in elderly 
and high-risk cases with limited range of 
neck movements.

 (e) Since flexing the head results in inward 
migration of ETT towards the carina, correct 
positioning of tip of ETT should be recon-
firmed by chest auscultation and readjusted 
accordingly [29].

 (f) The crossbar adaptor (and armrests) is then 
fixed to the back or upper section of the 
operating table rather than the seat/lower 
section. This step is very crucial to allow a 
rapid change in position from sitting to 
supine in case of an emergency.

 (g) The arms of the patient are either rested in 
the lap over the pillows or may be placed on 
armrests to avoid traction on the shoulder 
muscles and potential stretching of upper 
extremity neurovascular structures. All 
peripheral and central invasive monitoring 
lines and IONM monitoring wires in the 
upper extremity are then safely secured and 
taped to prevent accidental disconnection.

 (h) The “praying position,” as described by 
Choque-Velasquez J et  al., is essentially a 
steeper sitting position with the upper torso 
and the head bent forward and downward 
[14]. The patient’s upper torso is properly 
elevated and head is tilted about 30° making 
the tentorium almost horizontal, thus pro-
viding good viewing angle and at the same 
time allowing the surgeon to support his/her 
arms on the shoulders of the patient while 
performing the procedure.

 (i) A flat board against the feet or a safety belt 
around the pelvis prevents any accidental 
caudal movement of the patient, especially 
when the position is changed forwards dur-
ing the surgery.

 (j) All pressure points including buttocks, legs, 
arms, and heels are adequately padded to pre-
vent pressure ulcers and any direct contact 
with operating table or positioning devices 
[28]. Legs should be kept free of any pressure 
at the level of the common peroneal nerve just 
distal and lateral to the head of the fibula.

 (k) Either pneumatic intermittent sequential 
compression devices or elastic bandages or 
G-suit trousers are applied to the patient’s 
legs to minimize venous pooling [2, 14, 19]. 
Use of intermittent sequential compression 
device on the lower extremities has been 
proven to effectively decrease intraoperative 
hypotensive episodes as well as improve 
regional cerebral oxygen saturation [30].

 (l) When a patient is changed from the supine 
to the sitting/semisitting position, the rela-
tionship of the heart to the thoracic contents 
changes, thereby resulting in migration of 
the catheter tip from the RA to the right ven-
tricle or the inferior vena cava. Hence, CVC 
catheter tip should be readjusted after final 
patient positioning.

 (m) Similarly, the position of PCD or the TEE 
probe should be readjusted after confirma-
tion by injecting 10 mL of agitated isotonic 
saline solution through the CVC, which 
should cause either detectable changes in 
Doppler sound or visible bubbles on the 
mid-esophageal four-chamber view or mid-
esophageal bicaval view on the TEE moni-
tor. During this examination, the airway 
pressure should be kept at 25–30  cm  H2O 
with a positive end-expiratory pressure 
(PEEP) of 5  cm  H2O to further exclude a 
right-to-left cardiac shunt.

 (n) The arterial transducer should be mounted 
high up on a pole and zeroed at the level of 
tragus for correct estimation of cerebral per-
fusion pressure.

 (o) After patient positioning, the final draping of 
patient is to be done in a manner to keep patient’s 
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face and arms visible to the anesthesiologist all 
the time and for emergency airway access.

In the end, the entire checklist is double-checked 
by both surgeon and the anesthesiologist to 
maximize patient’s safety.

Question 12:
How will you like to maintain anesthesia 
intraoperatively?

Answer:
Total intravenous anesthesia (TIVA) is the pre-
ferred intraoperative anesthetic maintenance 
technique during posterior fossa craniotomy in 
the sitting position. Anesthesia is maintained by 
using a continuous infusion of propofol (6–8 mg/
kg/h) with supplemental administration of opi-
oids. When using balanced anesthetic technique, 
use of nitrous-oxide (N2O) is controversial, con-
sidering its inherent risk of expansion of gas- 
filled spaces, leading to increase in the size of 
VAE and conversion of pneumocephalus into 
tension pneumocephalus. However, there is an 
abundance of literature to suggest that the sever-
ity of VAE is most likely associated with surgical 
and anatomical issues, rather than with intraop-
erative N2O use [17, 31–33]. Hence, it can be 
safely used during posterior fossa craniotomies.

If the intraoperative use of IONM is contem-
plated, then the anesthetic maintenance technique 
needs to be modified accordingly. TIVA is pre-
ferred for SSEP monitoring and muscle relaxants 
are to be avoided during MEP and facial nerve 
monitoring [20].

Normovolemia is to be maintained at all times 
and intraoperative hypotension should be imme-
diately managed with either fluid boluses and/or 
vasopressors (ephedrine and/or phenylephrine).

Question 13:
What will be your ventilation goals 
intraoperatively?

Answer:
The ventilation parameters should be adjusted to 
maintain normocapnia with fraction of inspired 
oxygen (FiO2) kept between 0.4 and 1.26 [2]. 
However, mild hypercapnia has also been recom-

mended in patients with a high risk of VAE, so 
that a fall in EtCO2 in the event of a VAE becomes 
easily appreciable. Moreover, sitting position is 
associated with positioning-related decrease in 
ICP and thus, cerebral vasodilatory effects of 
hypercapnia are not a major concern. Similarly, 
for patients with high risk of PAE via intrapulmo-
nary right-to-left air transmission, higher levels of 
FiO2 should be maintained as hyperoxia may pre-
vent or reduce blood flow through arteriovenous 
pathways bypassing the capillary system [34].

PEEP has a controversial role to play during 
sitting position craniotomies. Some advocates its 
use (from 6 to 10 cm H2O), citing its preventive 
role in VAE by increasing the RA pressure [3, 15, 
35, 36]. It may also be applied after VAE has 
occurred to help identify the source of air entrain-
ment [13]. An earlier study by Zasslow et al. has 
found it to be safe up to 10 cm H2O in terms of 
non-alteration of interatrial pressure difference 
[36]. In patients with proven PFO, Ammirati 
et  al. have suggested biphasic PEEP 
(7–10 cm H2O) to increase the intrathoracic pres-
sure, thus decreasing VAE incidence [3].

Few centers, however, avoid it completely as it 
has the potential to cause hypotension, increases 
ICP, predisposes for VAE during its release and 
also increases PAE rate (by raising RA pressure 
which may possibly open a functionally closed 
foramen ovale) [14, 19, 37–40]. In an old study, 
Giebler et al. have observed that the incidence of 
VAE did not differ between patients undergoing 
conventional ventilation and those undergoing 
ventilation with 10 cm H2O PEEP [38]. Hence, 
the decision to use PEEP is individualized and 
depends upon the choice of anesthesiologist and 
patient’s VAE/PAE risk.

Question 14:
What are the main intraoperative complications 
that you should be watchful for during a sitting 
posterior fossa craniotomy?

Answer:
While undergoing posterior fossa craniotomy in a 
sitting/semisitting position, patients are prone for 
VAE along with its sequelae (cardiorespiratory 
compromise, PAE, coagulopathy) and hemody-
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namic instability, consequent to the gravitational 
effects of sitting position and surgical manipula-
tion close to brainstem [2, 4, 5, 7, 13, 14, 40–43].

Positioning the patient in a semisitting posi-
tion leads to negative intracranial venous pres-
sure, which may allow air to enter the venous 
system during surgery, potentially leading to air 
embolism. This phenomenon is compounded by 
the fact that dural veins and sinuses are non- 
collapsible and are highly prone for injury during 
craniotomy. Hence, VAE can occur at any step 
during craniotomy with maximum incidence dur-
ing placement of the 3-pin head holder; incision 
on the skin, subcutaneous tissue, or muscle; cra-
niotomy; opening of the dura mater; resection of 
the lesion; and closure. Essentially, during a sit-
ting craniotomy the risk for VAE is directly 
related to an intraoperative accidental venous 
structures laceration and to a low cardiac preload 
due to the surgical position [14].

Commonly recommended measures to avoid 
or detect air embolism include placement of a 
CVC, achieving optimal intravascular volume, 
patient positioning with the toes above the level 
of the head, rapid surgical hemostasis, continu-
ous intraoperative monitoring of EtCO2, and con-
firmation of possible air bubbles by PCD or TEE.

The reported incidence of VAE during a sit-
ting craniotomy varies from 21 to 38.6% (depend-
ing on the method of detection and clinical 
definition of VAE) [6, 13, 14, 26]. However, the 
actual incidence of clinically significant VAE 
(meaning a VAE resulting in hemodynamic or 
respiratory compromise, or alteration of the 
course of the case) is reportedly very low 
(0–3.3%) [5, 17, 41]. In a recent retrospective 
review of 1698 patients who underwent intracra-
nial neurosurgical procedures in the seated posi-
tion, extreme VAE (characterized by progressive 
hemodynamic instability, evolving malignant 
arrhythmias, persistent VAE, PAE or significant 
impairment of pulmonary gas exchange with per-
sistent hypoxemia or hypercarbia; or significant 
clinical change in neurological symptoms) was 
found to occur in only 8 patients (6/404 during 
posterior fossa and suboccipital craniotomies and 
2/324 during DBS implantations) with an overall 
incidence of only 0.47% [17].

PAE may occur across intracardiac and intra-
pulmonary shunts, resulting in arterial air embo-
lism to coronary and cerebral circulation with 
resultant myocardial ischemia, arrhythmia, and 
possible cerebral ischemia and stroke, respec-
tively. VAE is also associated with significant 
thrombocytopenia with a linear relationship 
between VAE grade and fall in platelet count 
[43]. Thus, in the event of a severe VAE one 
should reassess coagulation parameters and 
platelet count intraoperatively to timely manage 
any coagulopathy.

Hemodynamic instability, most notably intra-
operative hypotension, is common during sitting 
craniotomies secondary to venous pooling of 
blood in lower extremities, vasodilator effects of 
anesthetic agents, intraoperative VAE, massive 
blood loss, and CN manipulation close to brain-
stem. Even a brief period of intraoperative hypo-
tension may cause cerebral ischemia and stroke, 
especially in patients with disturbed autoregula-
tion. Hence, any hemodynamic instability should 
be aggressively managed with intravascular vol-
ume resuscitation and/or vasoactive agents.

Question 15:
Intraoperatively, there is profuse bleeding from 
the surrounding venous sinuses with a change in 
the audible sound of PCD and a sudden drop in 
EtCO2 from 27  mmHg to 20  mmHg? What do 
you think has happened and how will you 
manage?

Answer:
Change in the audible sound of PCD and a sud-
den drop in EtCO2 of more than 5  mmHg are 
indicative of an intraoperative episode of VAE, 
which necessitates an immediate and collabora-
tive treatment approach by both surgeon and 
anesthesiologist [4].

The main goals of treatment of VAE include 
limiting further air entrainment, supporting 
hemodynamics and respiratory parameters, and 
treating complications. The surgeon is immedi-
ately notified and further air entrainment can be 
minimized by flooding the surgical field with 
saline (so that saline will be aspirated into the 
vein rather than air), application of bone wax 
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over the bony edges, and moistened cotton pled-
gets, gelatin foam, or fibrin glue or Surgicel over 
susceptible air entrances [42].

Patient should be ventilated with 100% oxy-
gen and N2O, if being used, should be discon-
tinued. Intravascular fluids should be 
administered to increase the central venous 
pressure and any hemodynamic compromise 
should be immediately managed pharmacologi-
cally as needed (inotropes, vasopressors, and/or 
antiarrhythmics) [17].

Amidst the ongoing measures preventing fur-
ther air entry and supporting the hemodynamics, 
the source of air entry should be identified and 
repaired by the surgeon as early as possible. 
When the source is not immediately identifiable 
or time is required to repair the venous injury, 
some centers recommend bilateral jugular com-
pression and/or intraoperative position change 
with head under or at the same level as the feet, to 
increase cerebral venous pressure and help to 
identify the source of air emboli, as well as to 
counteract further air aspiration [5, 13, 17]. 
However, bilateral compression of the jugular 
veins should be done with caution as it has the 
potential to increase ICP by decreasing cerebral 
venous outflow. In addition, it may also decrease 
cerebral blood flow along with an increased risk 
of carotid artery atheromatous plaque rupture and 
severe bradycardia secondary to the simultane-
ous compression of the carotid artery and carotid 
sinus stimulation.

As a definitive treatment modality, the anes-
thesiologist must attempt to aspirate air from the 
RA cavity via the CVC, with a reported clinical 
efficacy ranging from 43 to 52% [44, 45]. 
However, Abcejo et  al. have shown a question-
able role of CVC air aspiration as the primary 
factor improving hemodynamics over the admin-
istration of pressors or temporary occlusion of 
the VAE site [17]. Authors speculate the short 
stay and small volume of entrained air bubbles at 
the cavoatrial junction en route to the pulmonary 
circulation as a probable cause of failure of air 
aspiration via a CVC catheter in majority of cases 
with extreme VAE.

Urgent repositioning of the patient from the 
seated to a level position (ranging from supine to 

lateral decubitus to prone) collapses the pressure 
gradient between the VAE source and the central 
venous circulation, and has been shown to suc-
cessfully terminate all episodes of extreme VAE 
over a relatively short period of time [17]. 
However, this maneuver carries risk of infection, 
neurological deficits and interruption and/or 
postponement of surgery and should be opted in 
vasopressor-refractory cases with utmost 
caution.

If patient suffers sudden cardiac arrest, imme-
diate cardiac compressions should be initiated 
which can help to break down large air bubbles 
obstructing the right ventricular outflow tract 
[40].

Question 16:
During tumor resection, there is sudden brady-
cardia with a heart rate of 38 beats per minute. 
What do you think has happened and how will 
you manage?

Answer:
During posterior fossa surgery, surgical manipu-
lation of the lower pons, upper medulla, floor of 
the fourth ventricle, and the CN nuclei may result 
in sudden hemodynamic responses in the form of 
either bradycardia, tachycardia, hypotension or 
hypertension and arrhythmias. The majority of 
these events occur during tumor manipulation, 
mostly secondary to activation of neurogenic 
reflexes including trigeminocardiac reflex and 
glossopharyngeal vagal reflex; direct stimulation 
of the vagus nerve itself, brainstem stimulation 
and occasionally due to PAE involving the coro-
nary arteries [46].

These responses basically serve as a warning 
sign of surgical encroachment on the vital med-
ullary and pontine structures, and subside 
immediately after the surgical stimulus is 
removed. Hence, in the event of sudden brady-
cardia, the surgeon should be notified immedi-
ately. Nonetheless, in few cases with persistent 
bradycardia or the one progressing to asystole, 
pharmacological measure (such as application 
of topical or intravenous local anesthetic, as 
well as preemptive atropine administration) 
should be done immediately. Though most of 
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cardiac rhythm disturbances subside after brief 
periods of surgical interruption and atropine, 
prophylactic transcutaneous pacing may be con-
sidered in high-risk cases with coexisting car-
diac comorbidities, prior to sitting position 
craniotomy.

Question 17:
The surgery has lasted for nearly 5 h with a blood 
loss of approximately 500 mL, an intraoperative 
episode of VAE, and two episodes of bradycardia 
during tumor resection, which were managed 
effectively without major hemodynamic compro-
mise. What would be your extubation plan for 
this patient?

Answer:
The decision to extubate the patient after a 
pineal region tumor surgery in sitting position 
depends upon the preoperative conditions of the 
patient, the intraoperative course, and the pre-
dictable postoperative neurological deficits 
depending upon the extent of surgical resection 
[2, 4]. The clinical effect of intraoperative VAE 
on overall neurological outcome is still not 
clear. Ganslandt et al. have found no difference 
in the rate of immediate postoperative extuba-
tion, postoperative duration of ventilation, 
length of ICU stay, length of hospital stay, reop-
eration rate, and in- hospital mortality in patients 
with and without VAE operated upon in sitting 
position for different posterior fossa and cervi-
cal spine pathologies [41]. Hence, episodes 
which are without major hemodynamic compro-
mise should not be a contraindication for 
extubation.

Considering that the patient was neurologi-
cally intact preoperatively and no major intra-
operative hemodynamic instability was 
observed, patient may undergo careful extuba-
tion after adequate return of protective airway 
reflexes. However, in cases with large tumors, 
with signs of brainstem compression, preopera-
tive lower CN involvement, prolonged surgical 
duration and inadvertent lower CN injury, elec-
tive postoperative sedation and ventilation 
should be opted, to allow gradual awakening of 
patient.

16.3 Postoperative

Question 18:
What all postoperative complications may occur 
in the immediate postoperative period?

Answer:
Compared to supratentorial craniotomy, an 
infratentorial posterior fossa surgical proce-
dure is associated with a higher risk of postop-
erative respiratory failure and death. Hence, 
all patients require close monitoring in the 
NICU in the immediate postoperative period 
[47].

Positioning-related postoperative complica-
tions may include tension pneumocephalus, air-
way edema (macroglossia), quadriplegia (due to 
cervical cord ischemia and/or compression), and 
compressive peripheral neuropathy (sciatic nerve 
injury) [13, 28, 41, 42, 44]. Though the reported 
incidence of most of these complications is very 
low in modern literature, their consequences are 
devastating, thus mandating utmost care while 
patient positioning.

The surgery-related complications include 
subdural/remote hematoma, hydrocephalus, cer-
ebellar edema, venous infarcts, wound infection, 
CSF leak followed by meningitis, CN palsies, 
cerebellar syndrome, and transient Parinaud’s 
syndrome [13, 42, 44]. In their analysis of intra-
operative and perioperative complications of 
neurosurgical procedures performed in the sitting 
position, Himes et al. reported an overall compli-
cation rate of 3.3% [incidence of clinically sig-
nificant VAE, tension pneumocephalus, and 
hemorrhage (1 subdural and 1 remote) were 
2.7%, 0.2%, and 0.4%, respectively] among 450 
cases who underwent sitting suboccipital proce-
dures [42]. Few very rare complications that have 
been reported in literature after sitting procedures 
include acute parotitis, piriformis syndrome, 
 tension pneumoventricle, delayed lateral rectus 
palsy, and anosmia [42].

Potential postoperative complications 
resulting from an episode of severe intraopera-
tive VAE may include the sequelae of severe 
intraoperative hypotension/shock with end-
organ damage, PAE, and ongoing coagulopa-
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thy [4, 40, 48]. Neurological complications 
may include postoperative mental status 
changes, appearance of new neurologic defi-
cits and stroke secondary to cerebral hypoper-
fusion and/or cerebral air embolism. Similarly, 
cardiovascular complications may range from 
new onset ST-T wave changes, progressive 
right ventricular failure as a result of pulmo-
nary hypertension, myocardial ischemia from 
coronary air embolism or coronary hypoperfu-
sion secondary to shock, to sudden cardiac 
arrest. Raimann et al. described an uncommon 
case of right heart decompensation, followed 
by resolution and development of a typical 
left- ventricular Takotsubo or stress-induced 
cardiomyopathy on the first postoperative day 
caused by VAE during a craniotomy in sitting 
position [49]. Pulmonary edema after VAE 
occurs as a result of leaky capillaries in pulmo-
nary vasculature and is characterized by its 
rapid development, diffuse involvement, and 
rapid resolution [50].

Multiple Choice Questions

 1. Sitting position is associated with the follow-
ing physiological changes, except
 (a) Decrease in stroke volume
 (b) Increase in heart rate
 (c) Increase in systemic vascular resistance
 (d) Decrease in systemic vascular resistance
Answer: d

 2. Which is the most sensitive noninvasive moni-
tor for detecting intraoperative VAE?
 (a) Transesophageal echocardiography
 (b) End-tidal nitrogen by mass spectrometer
 (c) Precordial Doppler
 (d) End-tidal carbon dioxide by capnography
Answer: c

 3. Patients undergoing posterior fossa surgery 
are prone for all of the following complica-
tions, except
 (a) Tension pneumoventricle
 (b) Sciatic nerve injury
 (c) Optic ischemic retinopathy
 (d) Macroglossia
Answer: c

 4. Which of the following is an absolute contra-
indication for posterior fossa craniotomy in a 
sitting position?
 (a) PFO of size 3 mm
 (b) Patent ventriculoatrial shunt
 (c) Cervical cord stenosis
 (d) Right carotid artery insufficiency of >80%
Answer: b

 5. Which is not a treatment recommendation 
during an intraoperative episode of VAE?

 (a) Bilateral jugular venous compression
 (b) Trendelenburg tilt of operating table
 (c) Ventilation with 100% oxygen
 (d) Increasing depth of anesthesia

Answer: d
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Management of Patient 
with Supratentorial Tumor

Rashmi Vandse, Donna Lien, and Promod Pillai

Stem Case Terminology
A 68-year-old right-handed man is brought to 
the operating room for craniotomy and resec-
tion of a right fronto-parietal tumor. He has 
a 2- to 3-month history of intermittent head-
aches that has worsened over the past month, 
which is associated with gradually worsening 
left-sided weakness. He was brought to emer-
gency department (ED) after an episode of 
seizure 3 days ago.

Past Medical History: Hypertension for the 
last 20 years that is well controlled. Had good 
functional capacity until 2 months ago but is 
limited recently due to left-sided weakness, 
mild COPD.

Social History: 25 pack-year history of 
smoking, social drinking. No other drug abuse.

Past Surgical/Anesthetic History: Inguinal 
hernia repair 2 years ago under general anes-
thesia, no past anesthetic problems.

Home Medications: Losartan, Albuterol in-
haler PRN.

Physical Examination: Height—70  in., 
weight—100 kg, anxious-appearing man.

Neurological Examination: CN II–XII in-
tact, left hemiparesis, strength—3/5.

Vitals: BP 168/99, HR 88, RR 16, RR 17, 
T 37 °C.

Labs: Hemoglobin 14  g/dL, Sodium 
138  mEq/L, Potassium 4.0  mEq/L, Glucose 
130  mg/dL, HCO3—28  mEq/L.  ECG—nor-
mal sinus rhythm, left ventricular hypertro-
phy, left axis deviation.

Imaging: Brain MRI shows a right fronto- 
temporal 4.2  cm tumor with well- 
circumscribed borders, peritumoral edema, 
and 6 mm midline shift.

Question 1:
Describe the epidemiology and pathophysiology 
of supratentorial brain tumors.

Answer:
Supratentorial brain tumors constitute a distinct 
group of neoplasms arising from different cells 
within the central nervous system (CNS) like the 
meninges, neuroepithelial tissues, pituitary and 
related structures, cranial nerves, germ cells and 
blood-forming organs (primary brain tumors) or 
from systemic cancers that have metastasized to 
the CNS (secondary brain tumors).

Supratentorial tumors account for approxi-
mately 80% of all brain tumors in adults and 
40% in children [1]. The average annual age-
adjusted incidence rate for all primary brain 
and other CNS tumors was 23.03 per 100,000 
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population. Glioblastomas (47.7%) are the 
most common malignant tumors, whereas 
meningiomas (53.1%) account for the most 
common nonmalignant tumors. Nearly 30% of 
patients with systemic solid cancers will 
develop cerebral metastases during their life-
time. These secondary brain tumors occur with 
equal frequency in adults, but primary tumors 
are far more common in children. The most 
common cancers to metastasize to the brain are 
lung, breast, melanoma, renal, and colorectal 
cancers [1, 2].

Primary CNS tumors are currently classified 
by the World Health Organization into a broad 
range of distinct categories based upon histologic 
morphology, molecular biomarkers, and clinical 
phenotype [3] (Fig. 17.1).

Most primary brain tumors in adults are spo-
radic with no identifiable risk factors. Apart 
from the rare genetic syndromes such as neuro-
fibromatosis, tuberous sclerosis complex (TSC), 
and cancer predisposition syndromes such as 
Li–Fraumeni, the only well-confirmed risk fac-
tor for primary brain tumors is exposure to ion-
izing radiation. There is a 2.3% incidence of 
primary brain tumors in children treated with 
prophylactic cranial irradiation for acute leuke-
mia [1].

Question 2:
Briefly discuss the anatomy of the supratentorial 
region relevant to the care of the patient.

Answer:
The supratentorial region is the part of the brain 
that lies above the tentorium cerebelli, bounded 
superiorly and laterally by the skull and dura 
mater. The anterior cranial fossa, middle cranial 
fossa, posterior cranial fossa, and tentorium cer-
ebelli together constitutes the inferior border. The 
falx cerebri divides the supratentorial compart-
ment into two equal right and left parts which 
contains the paired cerebral hemispheres. Each 
cerebral hemisphere is divided into frontal, tem-
poral, parietal, and occipital lobes.

Eloquent cortical areas are generally consid-
ered to be regions responsible for gross motor 
function and language. The primary motor and 
somatosensory areas lie adjacent to the central 
sulcus in the frontal and parietal lobes, respec-
tively, and extend inferiorly to the Sylvian fissure. 
Broca’s area, an area responsible for language 
formation, is located in the premotor frontal cor-
tex and Wernicke’s area, an area required for lan-
guage acquisition, is located in the posterior 
superior temporal cortex [4]. Lesions in Broca’s 
area lead to expressive aphasia, whereas those in 
Wernicke’s area cause receptive aphasia.

Corpus Callosum
Oligodendroglioma
Astrocytoma

Ventricles
Ependymoma
Choroid pleaxus
papilloma
Subependymoma

Cerebral hemisphere
Meningioma
Oligodendroglioma
Ependymoma
Astrocytoma
Ganglioma

Pineal region
Germ cell tumor

Pituitary Region
Pituitary adenoma
Craniopharyngioma
Meningioma
Germ cell tumor

Fig. 17.1 Location of 
various primary 
supratentorial brain 
tumors
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The supratentorial compartment also includes 
the basal ganglia, which is part of the extrapyra-
midal system, thalamus, hypothalamus, lateral 
ventricles, and corpus callosum. The thalamus is 
the main sensory and motor “relay station” that 
functionally and physically links the cortex with 
the rest of the nervous system. The hypothala-
mus, which lies below the thalamus, has auto-
nomic and endocrine functions and is connected 
to the pituitary gland via the infundibulum. The 
hippocampus, amygdala, part of the hypothala-
mus, and some regions of the cortex (e.g., insular 
region) constitute the limbic system which play a 
role in cognitive function, memory, and emotion. 
Tumors can arise from any of these locations.

Question 3:
What are the effects of supratentorial tumors on 
the intracranial physiology?

Answer:
The supratentorial tumors affect intracranial 
homeostasis by the following:

 A. Increasing the intracranial pressure (ICP) due 
to direct mass effect of the tumor and/or 
tumor-related edema

 B. Impairing autoregulation
 C. Disruption of the blood–brain barrier (BBB)
 D. Functional alteration in the surrounding non- 

neoplastic brain cells

A. The effect on ICP: The ICP within the dif-
ferent compartments of the brain is in equilib-
rium and is normally 7 to 15 mmHg for a supine 
adult [5]. The key intracranial components of the 
brain (tissue, intravascular blood, and cerebrospi-
nal fluid [CSF]) are enclosed within a noncom-
pliant cranium. According to the Monro–Kellie 
hypothesis, “an increase in the volume of one 
intracranial compartment leads to a rise in ICP 
unless it is matched by an equal reduction in the 
volume of another compartment [5, 6].” In 
patients with intracranial tumors, an initial raise 
in the intracranial volume by the growing tumor 
is compensated by the translocation of CSF and 
venous blood to the spinal CSF space and the 
extracranial veins, respectively.As shown in the 

pressure–volume curve (Fig.  17.2), these com-
pensatory mechanisms keep the ICP under check 
during the initial period of slow-growing tumors. 
When these compensatory mechanisms are 
exhausted (phase 2), a slight surge in the volume 
leads to significant rise in the ICP with the poten-
tial for ischemic injury due to impairment of the 
cerebral circulation and, ultimately, brain hernia-
tion (phase 3 and 4).

Brain Herniation The ability of these homeostatic 
mechanisms to compensate in the presence of an 
expanding mass depends not only on the volume of 
the mass, but also on the rate of growth. At first, 
there is subfalcine herniation causing a “midline 
shift” due to discordance in ICP between the two 
halves of the supratentorial  compartments 
(Figs. 17.3 and 17.4). A midline shift of more than 
5  mm is usually considered as significant [5, 7].
Further shifts in the brain structures can lead to 
downward central and transtentorial herniation 
(TTH) (Figs. 17.3, 17.5, and 17.6). Initially, the lat-
erally directed compressive forces lead to asymmet-
ric herniation of the uncus of the temporal lobe 
between the rostral brain stem and tentorial edge 
into the posterior fossa, resulting in a clinical syn-
drome of progressively impaired consciousness, 
dilated ipsilateral pupil, and contralateral hemiple-
gia (compression of the cortical spinal tract in the 
midbrain) [5, 8]. Loss of reactivity of the contralat-
eral pupil usually indicates midbrain damage [9]. 
Radiologically this is manifested as obliteration of 
basal cisterns. This can be rapidly fatal. This is the 
time when surgical procedure for decompression of 
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mass lesion is an absolute emergency. Compression 
of foramen of Monro or third ventricle can result in 
hydrocephalus.

Tonsillar Herniation The tonsils of the cere-
bellum herniate through the foramen magnum 
into the upper spinal canal, compressing the 
medulla (Fig. 17.3). Clinically, this may result 
in cardiorespiratory impairment, hypertension, 
high pulse pressure, Cheyne–Stokes respiration, 
neurogenic hyperventilation, impaired con-
sciousness, and death. The Cushing’s response 
consisting of hypertension and bradycardia may 
be seen.

Tumor-associated Edema Despite their diverse 
histological types, most brain tumors cause vaso-
genic brain edema, which is a significant cause of 
patient morbidity and mortality by aggravating 
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Fig. 17.4 MRI axial FLAIR image showing a left frontal 
intra-axial tumor—oligodendroglioma
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the mass effect induced by the tumor and causing 
ischemia of the normal peritumor tissue [10, 11]. 

It is a complex process involving not only peritu-
moral edema but also rise in the water content of 
the tumor itself. The incompetent BBB due to 
defective endothelial tight junctions and exces-
sive secretion of angiogenic factors leads to the 
leakage of fluid into the extracellular space (ECS) 
of the brain parenchyma [10, 11]. Peritumoral 
edema is particularly marked around fast- growing 
tumors as it is believed to facilitate tumor cell 
invasion [11]. It generally responds well to corti-
costeroid therapy, and can persist or even rebound 
after surgical excision of the tumor.

B.  Impaired autoregulation: The presence of 
intracranial tumor can adversely affect the regional 
blood flow, autoregulation, and carbon dioxide 
(CO2) reactivity in the regions of brain both ipsilat-
eral and contralateral to the lesion [12, 13]. 
Preoperative cerebral autoregulation was impaired 
in a significant number of patients with large supra-
tentorial tumor and midline shift of more than 
5 mm which lasted for up to 24 h after surgery [12].

C.  The blood–brain barrier (BBB) and 
edema: It has been suggested that BBB integrity 
is compromised in brain tumors [14, 15]. The 
change in the BBB permeability is heterogeneous 
within the tumor and is dependent on the type and 
stage of tumor development [14, 15]. Significant 
increases in BBB permeability only occur during 
the later stages as the tumor mass increases [14].

D. Functional alteration in the non-neoplastic 
brain cells: Infiltrating tumor cells also cause 
functional alteration in the non-neoplastic brain 
cells, most notably neurons, triggering many of 
the clinical symptoms [16]. For example, epilep-
togenesis associated with tumors is believed to be 
due to changes in peritumoral microenvironment, 
changes in the synaptic neurotransmitter release 
and reuptake, and the exitotoxic effect of gluta-
mate [17].

Question 4:
What are the clinical signs and symptoms of 
supratentorial tumors?

Fig. 17.5 Midocoronal section MRI view showing a 
medial temporal lobe tumor with mass effect, uncal her-
niation, distortion of midbrain

Fig. 17.6 Midocoronal section MRI view showing a 
middle cranial fossa meningioma with mass effect, subfal-
cine herniation, distortion of midbrain
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Answer:
The presenting symptoms and signs in patients 
with supratentorial tumors depend on the loca-
tion of the tumor (localizing signs), its size and 
mass effect (non-localizing), and its speed of 
growth.

Low-grade tumors often present with site- 
specific and focal signs due to tissue destruction 
or compression of specialized regions. The lesion 
affecting the motor cortex may be associated 
with contralateral hemiparesis, tumors near the 
speech area present with aphasia, vision change 
for tumors of the optic apparatus, and endocri-
nopathies for tumors involving the hypothalamic- 
pituitary axis. They progress to generalized signs 
and symptoms as the tumor increases in size and 
spreads [18, 19]. Patients often present with fea-
tures of raised ICP such as headache, nausea, 
projectile vomiting, papilledema, cognitive 
decline, and change in the consciousness [20, 
21]. There can be changes in the heart rate and 
blood pressure due to compensatory autoregula-
tory responses to decreased cerebral blood flow 
(CBF) caused by the raised ICP. They may pres-
ent with herniation symptoms as were described 
in question 2.

Slow-growing tumors often have an insidious 
onset with a gradual, progressive course in con-
trast to rapidly expanding masses. Similarly, a 
bleed into the tumor may result in an acute presen-
tation. A TTH is representative of an acute neuro-
logical deterioration.

Question 5:
What are the determinants of CBF? How are they 
altered in patients with supratentorial brain 
tumors?

Answer:
The brain has very high metabolic demand and 
receives a disproportionately high percentage of 
cardiac output (50  mL/100  g brain tissue/min). 
CBF depends on the pressure gradient across the 
vessel wall, also called as cerebral perfusion 
pressure (CPP). CPP is the difference between 
mean arterial pressure (MAP) and either ICP or 
central venous pressure (CVP), depending on 
which is higher. The cerebral autoregulation 

keeps the CBF constant over a wide range of 
MAP estimated at 65 to 150 mmHg, given nor-
mal venous pressure (Fig. 17.7).

CBF becomes pressure passive when MAP is 
outside this autoregulatory range. Below the lower 
limit of autoregulation (LLA), cerebral ischemia 
can result as the vessels are already vasodilated 
and above the upper limit of autoregulation, cere-
bral vessels are maximally vasoconstricted and 
increases in perfusion pressure may lead to disrup-
tion of the BBB, cerebral edema, or cerebral hem-
orrhage [22]. However, substantial inter-subject 
variability exists and the LLA may be as high as 
80 mmHg in some healthy individuals [23]. This 
curve might shift to right in patients with chronic 
untreated hypertension [23]. However, in the last 
decade significant evidence has accumulated to 
indicate that hypertension may be associated with 
impairment in autoregulation with loss of the pla-
teau phase [23, 24], which means that CBF is 
dependent on systemic blood pressure.

Besides MAP, other physiologic parameters 
play an important role in regulating CBF.  First 
and foremost, CBF is controlled by “flow- 
metabolism coupling,” whereby changes in 
regional neuronal electrical activity bring 
 corresponding alteration in regional blood flow. 
Such coupling occurs on the order of seconds by 
alterations in cerebral vasomotor tone that is reg-
ulated at the level of the cerebral arteriole [22, 
25]. There are several factors that play a role in 
regulating CBF as shown in Table 17.1.

Arterial carbon dioxide (PaCO2) tension 
[22]: CBF is linearly linked with PaCO2 between 
20 and 80 mmHg. The change in the CBF occurs 
by 1 to 2 mL/100 g/min for each 1 mmHg change 
in PaCO2. This response occurs quickly due to 
swift diffusion of carbon dioxide (CO2) across 
the cerebrovascular endothelium causing altera-
tions in pH of the extracellular fluid; however, it 
lasts only for about 6–8 h as the pH of the CSF 
will consequently re-normalize due to extrusion 
of bicarbonate. Consequently, a patient who has 
had a sustained period of hyper- or hypoventila-
tion deserves special consideration. Acute resto-
ration of a normal PaCO2 value will result in 
increased CBF with a concomitant increase in 
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ICP (after hypocapnia) and risk for cerebral isch-
emia (after hypercapnia). Hyper- and hypoventi-
lation thus play critical roles in decreasing or 
increasing CBF, respectively.Changes in oxygen 
tension in the arterial blood (PaO2) from 60 to 
more than 300  mmHg have little influence on 
CBF.  When PaO2 is less than 60  mmHg, CBF 
increases dramatically. When PaO2 is greater 
than 350 mmHg, slight cerebral vasoconstriction 
can occur [25].

Temperature: Temperature is another impor-
tant determinant of CBF [22, 26], with a 6–7% 
decrease in CBF per 1 °C decrease in core tem-
perature primarily by suppression of cerebral 
metabolism. The complete suppression of the 
electroencephalogram (EEG) occurs at approxi-
mately 18–20 °C [22, 26]. Further reduction in 
temperature does produce a further decrease in 
the cerebral metabolic rate (CMR), as hypother-
mia decreases the rate of energy utilization 
associated with both electrophysiologic func-
tion and the basal component associated with 
the maintenance of cellular integrity [22, 26]. 
This explains the brain’s tolerance for moderate 
periods of circulatory arrest at cooler tempera-
tures. However, clinical studies have not dem-
onstrated any beneficial effect of hypothermia 
in neurosurgical patients. Hence, normothermia 
should be a major goal of neuroanesthetic man-
agement. In addition, hypothermia also increases 
the risk of bleeding, surgical infection, pro-
longed recovery, and shivering [26].
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Table 17.1 Factors that influence cerebral blood flow

1. Modulating cerebral metabolic rate
   Awakening/pain, seizures
   Temperature, anesthetics
2. Changing cerebral blood volume
   PaO2 and PaCO2

   Blood pressure/status of autoregulation
   Vasoactive agents
   Anesthetics
   Vasodilators
   Blood viscosity
3. Neurogenic pathways (intra- and extra-axial)
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Effect of anesthetic agents on CBF: Various 
anesthetics can have profound effects on CBF 
and intracranial homeostasis. The net effect on 
the CBF depends on the interaction of several 
factors including the concentration of the anes-
thetic, underlying CMR depression, blood pres-
sure changes, any autoregulation abnormalities, 
and simultaneous changes in PaCO2, which 
works in combination with any disease-related 
impairment in CO2 responsiveness and various 
other factors that affect the CBF.

Volatile Anesthetics Potent volatile anesthetics 
such as isoflurane, sevoflurane, and desflurane 
are direct cerebral vasodilators [26]. However, 
this direct vasodilation is offset due to drug- 
induced decrease in CMR and subsequent 
vasoconstriction via flow-metabolism cou-
pling. EEG burst suppression is obtained at 
around 2 minimum alveolar concentrations 
(MAC). At low concentrations (less than 1 
MAC), CBF is lower than in the awake person. 
However, at high doses where maximal sup-
pression of CMR has occurred, direct vasodila-
tory effects lead to a dose-dependent increase 
in CBF and cerebral blood volume [27, 28]. 
For the normal brain and at less than 1 MAC 
concentration, autoregulation and CO2 reactiv-
ity remain intact, enabling control of vasodila-
tion by hyperventilation [26]. PaCO2 reactivity 
and autoregulation are impaired or even abol-
ished with a pathologic brain condition like 
brain tumors or high concentration of volatile 
anesthetic [29, 30].

Nitrous Oxide Nitrous oxide increases CBF, 
CMR, and sometimes ICP [30]. Increase in the 
CBF was noted when nitrous oxide was replaced 
for an equipotent concentration of a volatile anes-
thetic agent [31]. For the normal brain, the result-
ing cerebral vasodilation can be controlled by 
hypocapnia or the addition of an intravenous (IV) 
anesthetic [30, 31]. Even though autoregulation 
was preserved when nitrous oxide was combined 
with propofol anesthesia, combination of nitrous 
oxide and sevoflurane resulted in impaired auto-
regulation [32]. The potential for nitrous oxide to 
diffuse and expand hollow spaces must be con-

sidered as it could cause tension pneumocephalus 
in patients with intracranial air [33].

Intravenous (IV) Anesthetics All IV anesthetics 
such as barbiturates, propofol, and etomidate 
(with the exception of ketamine) reduce the 
CMR, CBF, preserve autoregulation, and main-
tain flow-metabolism coupling and CO2 reactiv-
ity [30, 34, 35]. However, CMR reduction reaches 
a ceiling effect once the EEG burst suppression is 
achieved.Propofol anesthesia results in a lower 
ICP than sevoflurane or isoflurane anesthesia, 
suggesting improved operating conditions with a 
total intravenous anesthetic (TIVA) technique 
[36]. The evidence regarding the effect of ket-
amine on cerebral physiology is contradictory. 
Several studies have reported that ketamine 
increases CBF, CMR, and ICP while preserving 
autoregulation or PaCO2 responsiveness [30, 37] 
and is traditionally avoided in neurosurgical 
patients due to concerns of increasing 
ICP. However, recent studies have demonstrated 
that ketamine does not change or even decrease 
these parameters especially when combined with 
other anesthetics. Its use should therefore not be 
discouraged because of ICP-related concerns 
[38–40].Barbiturates, propofol, ketamine, vola-
tile anesthetics, and xenon also have shown some 
neuroprotective efficacy and can reduce ischemic 
cerebral injury in experimental models. This 
anesthetic neuroprotection is sustained only 
when the severity of the ischemic insult is mild; 
with moderate-to-severe injury, long-term neuro-
protection is not achieved.

Opioids Opioids have been shown to cause 
short-term increase in ICP, which is thought to be 
the result of reflex cerebral vasodilation follow-
ing decreases in blood pressure [41, 42]. 
Generally, opioids cause modest decrease in 
CMR without affecting flow-metabolism cou-
pling, autoregulation, or the carbon dioxide 
reactivity.

Systemic Vasodilators and Vasoconstric-
tors Systemic vasodilators like nitroglycerin, 
nitroprusside, hydralazine, and calcium channel 
blockers vasodilate the cerebral circulation and 
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can, depending on the MAP, increase CBF and 
ICP [43, 44]. Cerebral vasodilation may result 
from a normal autoregulation response or direct 
arterial vasodilation. Vasopressors such as phenyl-
ephrine, norepinephrine, ephedrine, and dopamine 
do not have direct effects on the cerebral 
circulation. However, they can influence the CBF 
when outside the autoregulatory range (increasing 
systemic BP increases CBF) [22, 45]. The effect of 
phenylephrine on CBF is however contentious as 
some studies have showed decreased cerebral 
oxygenation induced by phenylephrine [46].

Question 6:
Describe the preoperative workup and prepara-
tions for supratentorial tumor resection surgery.

Answer:
Preoperative preparation should include

17.1 Preoperative

Preoperative assessment: An anesthesiologist 
may encounter a patient with a supratentorial 
tumor for an elective planned surgery, thus allow-
ing adequate time for preoperative workup and 
optimization or for an emergent or urgent neuro-
surgical intervention secondary to hemorrhage or 
impending herniation. An anesthetic evaluation 
should entail comprehensive neurosurgical and 
systemic evaluation of the patient.

Thorough assessment of current neurological 
status, especially any signs of raised ICP (head-
ache, nausea, vomiting, and altered conscious-
ness) and focal neurological deficits (hemiparesis, 
sensory deficits, cranial nerve deficits, speech 
deficits, personality changes, and vision changes) 
must be documented. Any history of seizures 
(type and frequency), paraneoplastic syndromes, 
hormonal changes (especially in pituitary 
tumors), and electrolyte abnormalities (in condi-
tions like syndrome of inappropriate antidiuretic 
hormone (SIADH) or diabetes insipidus (DI)) 
should be clarified.

As with all preoperative assessment, the evalua-
tion of coexisting medical conditions that may 
impede with the patient’s ability to undergo safe 

surgery is of paramount importance. Systematic 
assessment and optimization of the cardiopulmo-
nary system, gastrointestinal system, genitourinary 
tract, as well as endocrine abnormalities should be 
done before any elective procedures. Infections, 
both past and present, should be investigated for 
choosing the perioperative antibiotic. Patients with 
malignant tumors are associated with an increased 
risk of thromboembolism, which can be as high as 
21% in the first year after surgery [47], necessitat-
ing prophylactic anticoagulation postoperatively.

Patient should undergo routine preoperative 
investigations, which can include an electrocar-
diogram, chest X-ray depending on the age, uri-
nalysis, complete blood count with differential, 
electrolyte panel, liver enzymes, and coagulation 
parameters including prothrombin time, plasma 
thromboplastin time, and international 
 normalized ratio. Further tests can be added 
depending on the patient’s comorbidities.

Imaging: computed tomography (CT) or mag-
netic resonance imaging (MRI): The patient’s 
CT scan and MRI images should be examined for 
the size and location of the tumor (any proximity 
to the eloquent areas and major vessel), its vascu-
larity, and for signs of raised ICP (midline shift, 
decreased size of the ventricles, and temporal 
lobe herniation). Although MRI is more sensitive 
than CT scans for evaluation of the tumors, 
patients presenting with acute neurological dete-
rioration might come with just the CT scans. 
Positron emission tomographic (PET) scan gives 
the amount of metabolic activity in the brain, thus 
differentiating the tumors from inflammatory 
lesions. CT angiography is helpful in distinguish-
ing arteriovenous malformations and giant aneu-
rysm, which may present as mass lesions.

Imaging scans are extremely valuable in for-
mulating the anesthetic plan. For example, 
patients with limited intracranial compliance 
might require interventions to decrease the ICP 
or tumors close to eloquent areas might other-
wise need an awake resection. Location and size 
of the tumor give insights to the surgical position, 
any potential for blood loss, and can also reveal 
the risk for air embolism such as in patients with 
convexity meningioma close to dural sinus.
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Our patient has preoperative hemiparesis and 
the tumor is in frontal area. It is important to rule 
out the proximity of tumor to eloquent area. 
There is a need for further testing like functional 
MRI or WADA test.

Question 7:
How will you prepare the patient for surgery? 
Should this patient receive premedication?

Answer:
Preparing the patient for surgery consists of

Multidisciplinary discussion: It is important to 
have a multidisciplinary discussion with the sur-
geon, intensivist, nursing, and recovery staff to 
make proper preoperative preparation and plan-
ning as well as postoperative recovery. It is 
important to clarify with the surgeon, the size and 
location of the tumor, diagnosis, surgical 
approach, need for ICP reduction, neuromonitor-
ing, expected complications, and goals of surgery 
(e.g., radical excision versus decompression). 
The surgical approach determines patient posi-
tioning and intrinsic problems; common 
approaches to supratentorial masses are either 
parietal or temporal and frontal craniotomies. In 
a bi-frontal approach, the sagittal venous sinus is 
navigated, thereby increasing the risk of bleeding 
and venous air embolism (VAE).

For example, meningiomas can be quite large 
at the time of diagnosis and they are often highly 
vascular and are located in difficult to access 
areas like skull base, tentorial notch, or ventri-
cles. This requires maximal brain relaxation to 
facilitate surgical access. All these factors make 
for a long duration of surgery that is often associ-
ated with significant bleeding. Preoperative 
embolization may be helpful to reduce intraop-
erative bleeding in certain situations. In contrast, 
gliomas are often easily accessible and have low 
propensity for bleeding. The non-pituitary supra-
tentorial lesions like colloid cysts of the third 
ventricle and epidermoid tumors arising in the 
basal cisterns may be accompanied by obstruc-
tive hydrocephalus.

Premedication: All the current medications 
must be reviewed and continued as needed.

Anxiolytics In patients with elevated ICP, preop-
erative sedatives or anxiolytics must be used judi-
ciously in small incremental doses or avoided 
completely because of the concern about produc-
ing CO2 retention in a patient whose intracranial 
compliance is already compromised. Even a small 
dose of benzodiazepines or narcotics has shown to 
unmask or worsen a pre-existing compensated neu-
rologic deficit [48, 49]. Complications of preopera-
tive sedation however must be weighed against the 
complications associated with perioperative stress, 
which can cause increased CMR, CBF, and hyper-
tension [50]. The  decision to use anxiolytic pre-
medication must be done on an individual basis 
after full consideration of the patient’s expected 
risks and benefits. In elderly patients, the use of 
benzodiazepines is associated with an increased 
rate of postoperative delirium. In patients with 
tumors without signs of increased ICP, a small dose 
of benzodiazepine can help decrease the level of 
anxiety. Even though, our patient appears anxious, 
he also has a relatively large tumor and evidence of 
midline shift on imaging. For this reason, it may be 
best to avoid a premedication. A professional, reas-
suring visit by the anesthesiologist is invaluable as 
a preoperative anxiolysis itself.

Antiepileptics Antiepileptic drugs are generally 
continued throughout the perioperative period 
unless seizure focus mapping is anticipated. 
Antiepileptics can induce liver enzymes and 
increase the metabolism of muscle relaxants, opi-
oids, and dexmedetomidine, which may require 
higher dosing [51]. Evidence for prophylactic use 
of anticonvulsants in seizure-naive patients is not 
compelling [52]. Sedative effects of anticonvul-
sants must also be considered during preopera-
tive evaluation and premedication. Perioperative 
variations in antiepileptic medications may occur, 
contributing to perioperative development of sei-
zures [53, 54]. Monitoring of plasma levels or 
temporary augmentation of dosage of such medi-
cations may be necessary.
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Steroids Patients with a significant tumor- 
related mass effect, especially if there is tumor- 
related edema, are usually started on preoperative 
steroids. Although 48-h course is ideal, clinical 
effect is usually apparent within 24  h. 
Dexamethasone is the most commonly used 
agent. The initial bolus dose of 10 mg followed 
by 4 mg every 6 h is usually effective and is con-
tinued during the perioperative period [55].

Other Medications All blood thinners must be 
stopped appropriately. All the other home medi-
cations must be reviewed and continued unless 
contraindicated. Histamine (H2) blockers and 
gastric prokinetic agents should be considered to 
counteract the reduced gastric emptying and 
greater acid secretion associated with increased 
ICP and steroid therapy.

Question 8:
How would you monitor the patient? Do you 
require a central line?

Answer:
American Society of Anesthesiology recom-
mends that standard monitoring of oxygenation, 
ventilation, circulation, and temperature is fol-
lowed in all patients. Besides these, invasive arte-
rial pressure transducing at the mid-ear level 
which corresponds to the circle of Willis is essen-
tial for strict control of blood pressure and CPP.

Frequent blood gas and electrolyte measure-
ments are prudent to determine the adequacy of 
ventilation, electrolyte balance, and hematocrit 
assessment. Neurosurgical patients are at increased 
risk for developing disturbance in the serum osmo-
lality and electrolytes secondary to drugs like 
mannitol, HS, or owing to the development of DI, 
SIADH, or cerebral salt wasting (CSW). Tumors 
with bone metastases can cause hypercalcemia 
which can precipitate arrhythmias.

Blood glucose levels should be monitored reg-
ularly as general anesthesia and steroid therapy 
both tend to increase the blood glucose levels; 
hyperglycemia worsens neuronal damage during 
ischemia hence must be avoided [56, 57].

Central venous pressure monitoring is not rou-
tinely done but should be individualized. Two large-
bore peripheral IV lines are usually suggested for 
vascular access. Central venous access should be 
considered in patients with the following:

• Significant risk for VAE (surgery requiring 
significant head-up position and lesions close 
to dural sinus)

• Substantial bleeding risk (e.g., large vascular 
tumor, proximity to major vasculature, or 
extensive bone resection)

• Significant cardiorespiratory disease requiring 
vasoactive medication

Even though VAE risk is low with these proce-
dures, rarely, patients might need a precordial 
Doppler or transesophageal echocardiography 
to monitor VAE.

A urinary catheter is placed to monitor urine 
output.

Neuromuscular block should be monitored in 
patients receiving muscle relaxants. Care should 
be taken to avoid using the paralyzed extremity 
for monitoring the neuromuscular transmission 
as this might result in overdosing of the muscle 
relaxants due to upregulation of the acetylcholine 
receptor [58].

Patients with brain tumors can have hemostatic 
abnormalities including both hypercoagulable 
and hypocoagulable states, which can get exacer-
bated by endothelial injury, ischemia, and second-
ary inflammatory reactions triggering the release 
of brain thromboplastins [59, 60]. They can pres-
ent with thromboembolic complications, dissemi-
nated intravascular coagulation, hyperfibrinolysis, 
or hemorrhage [61, 62]. Antiepileptic drugs can 
also affect the hemostatic system. In addition to 
the routine coagulation parameters, point-of care 
(POC) viscoelastic assays (ROTEM® or TEG®) 
should be used as needed.

Intracranial pressure monitoring: Patients 
may have an extraventricular drain (EVD) placed 
prior to or during craniotomy which can be used 
to drain CSF and to monitor ICP.

17 Management of Patient with Supratentorial Tumor



220

Processed EEG: The processed EEG monitor 
(bispectral index [BIS] or SedLine) can be useful 
to help guide the anesthetic depth and to facilitate 
rapid emergence from anesthesia.

Central jugular venous bulb oxygen satura-
tion and transcranial Doppler ultrasonogra-
phy (TCD): Central jugular venous bulb oxygen 
and TCD, though not routinely used, are avail-
able for select, high-risk patient population. They 
can be used to determine the adequacy of cere-
bral perfusion. TCD also allows for the assess-
ment of pressure autoregulation, CO2 reactivity, 
and to assess vessel patency during challenging 
dissection from the tumor [63].

17.2 Intraoperative

Intraoperative neuromonitoring: Surgical 
resection near the eloquent areas might necessi-
tate brain mapping and evoked potential monitor-
ing for more precise localization and dissection; 
EEG and evoked potential monitoring are also 
useful for surgeries at risk for cerebral 
hypoperfusion.

Need for neuromonitoring or awake resection 
must be clarified in our case as he presented with 
hemiparesis and the tumor is in frontal area.

Question 9:
What are the anesthetic goals for this case? Which 
anesthetic agents should be employed to accom-
plish these goals? How will you induce anesthe-
sia? Are you worried about patient’s blood 
pressure? Will you treat it before induction?

Answer:
The perioperative goals for supratentorial tumor 
resection are to optimize cerebral perfusion, 
oxygenation, and operative conditions, bestow 
neuroprotection, facilitate rapid and smooth 
awakening for postoperative neurological evalu-
ation, minimize postoperative pain, and improve 
the oncological outcomes. It is important to 
avoid any secondary systemic insults. An ideal 
anesthetic regimen should deliver adequate 
amnesia and analgesia while maintaining sys-

temic and cerebral milieu along with reduction 
in CMR and ICP.

Induction and airway management are critical 
stages of general anesthesia, especially in patients 
with elevated ICP.  Following adequate 
 preoxygenation and moderate hyperventilation, 
slow and controlled induction with constant atten-
tion to hemodynamics and ventilation is essential 
in order to maintain CPP [64, 65]. Both hypo- and 
hypertension can be detrimental particularly in 
patients with autoregulatory failure. Even cere-
bral autoregulation requires approximately 
20–30 s to activate; any sharp change in the blood 
pressure needs to be treated immediately.

The commonly used induction agents are pro-
pofol, thiopentone sodium, and etomidate in 
combination with opioids. The combination of 
propofol (1–3  mg/kg), opioids like fentanyl 
(2–3 μg/kg), remifentanil (0.5–1 μg/kg) or sufen-
tanil (0.5–1.5 μg/kg), and lidocaine (1.5 mg/kg) 
achieves adequate depth of anesthesia to blunt 
the sympathetic response to intubation. In 
patients with frailer cardiovascular systems, 
etomidate (0.2–0.4 mg/kg) may be used instead 
of propofol. Ketamine is usually avoided because 
of its propensity to increase ICP and postopera-
tive delirium [65]. The effect of the various anes-
thetic agents on hemodynamics, CBF, CMR, and 
ICP has been reviewed in detail in question 5.

The commonly used muscle relaxants to facili-
tate intubation are rocuronium and vecuronium 
which have minimal effects on intracerebral hemo-
dynamics. Succinylcholine has the potential to raise 
the ICP and should preferably be avoided although 
its effect on the ICP is transient and the clinical sig-
nificance is debatable [66]. Caution must be exer-
cised while using succinylcholine in patients with 
pre-existing motor deficits because of the increased 
risk of hyperkalemia. The need to increase the dos-
age by as much as 50% for non-depolarizing mus-
cle relaxants in patients on long-term phenytoin or 
carbamazepine treatment should be noted [64, 65]. 
Even though the preoperative blood pressure is 
higher in our patient, one must be careful while 
treating blood pressure in patients with raised ICP 
as this could lead to reduction in CPP.

Sequence of events during induction is listed 
in Table 17.2.
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Question 10:
Describe intraoperative management after induc-
tion. How will you maintain anesthesia?

Answer:
Care should be taken during

Patient positioning: Patient positioning is done 
after induction. Application of the Mayfield skull 
pins is associated with maximal nociceptive stim-
ulation. Hemodynamic activation can be pre-
vented by deepening the depth of anesthesia and 
analgesia with a bolus of remifentanil 0.25 to 
1 μg/kg or fentanyl 1 to 2 μg/kg, esmolol 0.25 to 
0.5 mg/kg, or propofol 0.5 to 1 mg/kg just before 
pinning. Local anesthetic infiltration of the pin 
site can also mitigate adverse CNS and hemody-
namic activation [67]. Scalp blockade, preferably 
prior to pinning, can provide intraoperative 
hemodynamic stability and postoperative analge-
sia [68].

Patient positioning must be done carefully 
with adequate padding of all pressure points. The 
slight head-up position is favorable. Excessive 
flexion, extension, or rotation of the neck should 
be avoided to maintain cerebral venous drainage. 
There should be at least two-finger space between 
the chin and the sternum/clavicle to prevent 
excessive reduction of the anterior-posterior 
diameter of the oropharynx as this can precipitate 
postoperative airway edema. The knees should be 
mildly flexed to avoid lumbosacral injury. In 
patients requiring to be in the lateral position, the 
axillary roll should be used to prevent brachial 
plexus stretch injury. The endotracheal tube and 

lines should be secured well to prevent accidental 
dislodgement.

Pre-incision preparation: After skull pinning, a 
light level of anesthesia is often required for a 
potentially extensive period of time during registra-
tion of the stereotactic guidance system, sterile skin 
preparation, and draping. Blood pressure needs to 
be supported to maintain CPP. Perioperative antibi-
otics must be administered.

Maintenance of anesthesia: Adequate anes-
thetic depth should be ensured pre-incision. 
Craniotomy and raising the scalp and bone flaps 
can be associated with significant bleeding; ade-
quate brain relaxation should be provided prior to 
opening the dura. The parietal dura is rich in pain 
fibers which demands continuation of a relatively 
deep level of anesthesia.

The perioperative goals during the mainte-
nance phase remain the same as described during 
the induction. In patients with large tumors or 
significant intracranial hypertension (ICH), 
efforts should be made to shrink the brain to 
facilitate surgical exposure and to minimize isch-
emia that occurs under the retractor [69]. Short- 
acting and easily titratable agents are preferred 
for maintenance. Various agents, both IV and 
inhalational techniques have been used and 
extensively studied in clinical trials.

There has been a long-standing debate sur-
rounding the use of TIVA versus volatile anes-
thetics for intracranial procedures. To this point, 
no study comparing TIVA with volatile anesthe-
sia has been able to establish strong outcome 

Table 17.2 Sequence of events during induction

1.  Monitors: ASA monitors. Pre-induction arterial line for patients with raised ICP
2.  Ensure availability of short-acting vasoactive agents like phenylephrine, esmolol, and nicardipine or 

nitroglycerine to rapidly control the hemodynamics during induction
3.  Pre-oxygenation and voluntary hyperventilation

4.  Slow induction with fentanyl 1–3 μg/kg or remifentanil 0.5–1 μg/kg, lidocaine 1–2 mg/kg, propofol 1–3 mg/kg 
or thiopentaone, or etomidate followed by non-depolarizing muscle relaxant. Treat any hypotension with small 
doses of phenylephrine. Controlled ventilation (end-tidal CO2 around 30–35). For patients with increased ICP, 
hyperventilation to bring end-tidal CO2 to around 30 before intubation

5.  Attempt at intubation after ensuring adequate depth. Supplement with esmolol 0.25–0.5 mg/kg or small doses of 
remifentanil (0.5–1 μg/kg), propofol, or nicardipine as needed

6.  Intubation
7.  Treat any cardiovascular response appropriately
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benefit of one over the other [70–72]. The com-
bination of volatile anesthetics (isoflurane, 
sevoflurane, and desflurane) and synthetic opi-
oids (remifentanil and fentanyl) are still exten-
sively used because of their controllability, 
predictability, and rapid recovery [72–74]. 
However, volatile anesthetics are not the most 
ideal agents for patients with reduced intracra-
nial compliance because of their potential to 
adversely affect the cerebral autoregulation, 
CBF, and ICP [73–76].

Several prospective, randomized clinical trials 
have suggested that ICP is decreased and CPP is 
increased in patients receiving TIVA when com-
pared with those receiving volatile anesthetics 
during elective craniotomy procedures [70, 71, 
77]. In a meta-analysis [71] that included 14 
studies and yielded 1819 patients, comparing the 
effects of propofol to volatile-based anesthesia in 
patients undergoing elective craniotomy, there 
were similarities between the two groups with 
regard to hemodynamic stability, emergence, 
early cognitive function, and perioperative com-
plications; except the incidence of post-operative 
nausea and vomiting (PONV) was lower in the 
propofol group. However, the initial mean ICP 
values were lower and CPP values were higher 
with propofol-based anesthesia. Nevertheless, 
this ICP lowering effect was not associated with 
less brain swelling or better operative conditions 
after dural opening. Yet, results of this meta- 
analysis cannot be extrapolated to all neurosurgi-
cal patients as primary studies included only 
relatively healthy and neurologically intact 
patients undergoing supratentorial excision of 
tumors who probably had near normal preopera-
tive ICP.

The clinical impact of these different tech-
niques in patients with elevated ICP has yet to be 
evaluated [77]. Until then, TIVA should be used 
in complicated patients with substantial elevation 
in ICP where maximal brain relaxation is 
required. The concurrent use of nitrous oxide and 
volatile anesthetics is best avoided because of 
their synergistic effects in increasing CBF and 
ICP [76]. Intermediate acting muscle relaxants 
are usually used to maintain akinesia unless pre-
cluded by neuromonitoring.

Other anesthetic adjuvants that are useful for 
anesthetic maintenance are: 

Dexmedetomidine Dexmedetomidine, which is 
an alpha-2 adrenergic receptor agonist, has 
gained popularity for use in neurosurgical proce-
dures as it has shown to provide stable hemody-
namics, while reducing anesthetic and analgesic 
requirements [78, 79] along with some neuropro-
tective properties [80]. Dexmedetomidine can 
also attenuate the hemodynamic response to tra-
cheal intubation [81] and cranial pinning [82].

Remifentanil Remifentanil infusion has been 
shown to provide easily controllable hemodynam-
ics during intense surgical stimulation while drasti-
cally reducing the amount of volatile anesthetic or 
propofol during craniotomy [83]. It also provides 
rapid and smooth emergence [84, 85] and is associ-
ated with the earliest cognitive recovery when 
compared with other opioids [86]. With its short 
half-life, remifentanil should be transitioned with 
another analgesic to prevent pain and hypertension 
during emergence from general anesthesia.

Question 11:
How will you modify your anesthetic if there is 
neuromonitoring?

Answer:
The use of neurophysiological monitoring will 
impact the choice of anesthetic agents adminis-
tered. Volatile anesthetic agents are known to 
decrease the amplitude and increase the latency of 
somatosensory evoked potentials (SSEPs) and 
depress motor evoked potentials (MEP) in a dose-
dependent manner. IV agents like propofol, dex-
medetomidine, or remifentanil interfere least with 
electrophysiological monitoring, hence either 
combination of volatile anesthetics with IV agents 
or TIVA should be used depending on the type of 
neuromonitoring and intracranial pathology.

Question 12:
Once the bone plate is removed, the surgeon 
complains of a tense brain. How will you 
manage?
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Answer:
One of the important objectives of anesthetic 
management is to facilitate the surgical exposure 
to the lesion by providing a slack surgical brain. 
This minimizes brain retraction and perilesional 
neuronal injury. Anesthesiologists can utilize a 
variety of methods to accomplish this goal. In 
cases of massive tumors, despite all the physio-
logical, pharmacological, and mechanical meth-
ods advocated to reduce the ICP, the brain can 
still take the path of least resistance leading to 
transcalvarial herniation referred to as brain 
bulge. Details of prevention and treatment of 
increases in ICP and brain bulk are shown in 
Tables 17.2 and 17.3.

Question 13:
Describe your strategy to manage intraoperative 
ventilation.

Answer:
One should aim for normocapnia or mild hypo-
capnia (PaCO2 of 30 to 35 mmHg) and low intra-
thoracic pressures. Even though there is not much 
data on lung protective ventilation in neurosurgi-
cal patients, it has shown to improve outcome in 

patients at risk of pulmonary complications after 
major surgery [87]. Hyperventilation must be 
used judiciously; one must balance the benefit of 
brain relaxation against the risk of cerebral hypo-
perfusion [88]. Our patient has COPD. Hence it 
is important to know his baseline PaCO2 and end- 
tidal CO2 to PaCO2 gradient. Care must be exer-
cised while using high positive-end expiratory 
pressure (PEEP). However, several studies indi-
cate that PEEP has only minimal effect on CBF 
or ICP when used at less than 10 cmH2O in neu-
rosurgical patients [89].

Question 14:
Will you use diuretics and osmotic agents rou-
tinely for all the cases?

Answer:
Hyperosmolar solutions such as mannitol and 
hypertonic saline (HS) are widely used in neu-
rosurgery to reduce brain volume and facilitate 
surgical exposure during tumor resection. Both 
HS and mannitol cause acute increase in the 
blood osmolality, which in the presence of an 
impermeable BBB causes movement of water 
from brain parenchyma to the intravascular 

Table 17.3 Stepwise approach to address the brain bulge

1.  Decrease the cerebral venous pressure by:
   (a)  Head-up position, avoid extreme neck flexion or rotation
   (b)  Discontinuing use of any venodilators like nitroglycerin, nitroprusside
   (c)  Decreasing airway pressure: treat any bronchospasm, avoid excessive (PEEP), treat any coughing or 

straining on tube, and consider other lung pathologies like pneumothorax
   (d)  Decrease the cerebral blood volume (CBV) and CBF by:
           (i) Maintaining moderate hyperventilation and adequate oxygenation
           (ii) Maintaining hemodynamics; treat hypertension, hypotension, and tachycardia
       (iii) Conversion to TIVA (burst suppression as needed); control pain and arousal
2.  Decrease CMR by:
   (a) Deepening anesthesia
   (b) Controlling fever
   (c) Maintaining moderate hypothermia
   (d) Treating any seizure activity
3.  Shrink the brain by:
   (a) Osmotic agents like mannitol or hypertonic saline or
   (b) Steroids for brain tumors
4.  Drain CSF if a ventricular or lumbar catheter is in situ; 10 to 20 mL is usually adequate
5.  Recognize and treat other mass effect like:
   (a)  Hematoma
   (b)  Air
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compartment, thereby decreasing the brain bulk 
and ICP [90–92].

It is recommended to administer these medi-
cations before opening the dura to ensure ade-
quate brain relaxation in patients with features 
of raised ICP [93]. By reducing the edema of the 
vascular endothelium and erythrocytes, they 
also improve the blood rheology [94, 95]. 
Mannitol usually is given as a bolus of 0.25 to 
1 g/kg and HS has been used at 3 to 5 mL/kg 
bolus. The ICP reduction will usually be seen 
within 15 to 30 min and lasts for 2 to 6 h. At the 
same volume, 20% mannitol (1098  mOsm/L) 
and 3% HS (1024 mOsm/L) have almost equiv-
alent osmolarity and have yielded comparable 
results on ICP reduction [90–92]. By contrast, a 
meta-analysis performed by Fang et  al. [96], 
which involved 9 randomized controlled trials, 
suggested that HS provided better brain relax-
ation than mannitol.

Electrolyte abnormalities and increase in the 
serum osmolality are the adverse effects most 
commonly encountered with hyperosmolar 
therapy. Osmolality should be checked and 
maintained at less than 320  mOsm/kg. HS 
causes significantly higher levels of serum 
sodium, lasting for about 6 h, along with tem-
porary reduction of potassium and a lesser 
diuretic effect compared with mannitol [91, 92, 
97]. In contrast, mannitol results in a transient 
acute dilutional hyponatremia which normal-
izes over time as a result of the diuretic effects 
of mannitol and increase of potassium over 
time [91, 92, 97].

Great care should be taken in patients with 
congestive heart failure, pulmonary edema, or 
renal failure as the initial elevation in central cir-
culatory volume may be detrimental [98]. Even 
though both the drugs have comparable effects in 
decreasing the ICP, HS may be recommended in 
hemodynamically unstable, hypovolemic patients 
as HS has shown to reduce the IV fluid replace-
ment needs in patients undergoing surgery [99]. 
On the contrary, serum saline should be infused 
to replace urinary losses in order to avoid hypo-
volemia and maintain blood pressure after man-
nitol induced diuresis.

Question 15:
How will you manage intraoperative fluid 
requirement and hemodynamics? What is the 
best IV fluid for maintenance? Surgeon is 
requesting you to run the patient dry, do you 
concur?

Answer:
Neurosurgical patients can experience rapid 
changes in intravascular volume caused by hem-
orrhage, the administration of potent diuretics, 
or the onset of DI, CSW, or SIADH. Maintaining 
normovolemia and normotension is the goal for 
intracranial surgery. Careful ongoing monitoring 
of serum sodium levels, plasma osmolarity, urine 
output, and vascular volume status is imperative. 
The isotonic crystalloids and/or colloid, with tar-
get osmolality, 290 to 320 mOsm/kg, should be 
used for maintenance. Role of colloid oncotic 
pressure in brain edema is uncertain. Glucose- 
containing or hypo-osmolar solutions (e.g., 5% 
dextrose or lactated Ringer’s) should be avoided 
as hyperglycemia has shown to worsen the con-
sequences of cerebral ischemia and hypo- 
osmolality increases the brain edema, 
respectively [100, 101]. More prospective stud-
ies are needed to address optimal glucose man-
agement targets for patients with a specific type 
of neurologic injury or neurosurgical proce-
dures. Until then, moderate glucose management 
with the goal of 140–180 mg/dL is recommended 
as hypoglycemia, which is a common side effect 
of intense insulin therapy, can trigger significant 
morbidity especially in the neurologically 
injured patient [101].

0.9% normal saline (NS) is the commonly 
used fluid in neurosurgical patients; however, 
large volumes of NS can result in normal anion 
gap hyperchloremic metabolic acidosis [102]. 
Despite the theoretical superiority of colloids, 
there is a limited scientific evidence to support 
their use [103]. In large volumes resuscitation, a 
combination of isotonic crystalloids (plasmalyte, 
0.9% NS, and sodium acetate) and colloids may 
be the best choice.

Blood loss should be monitored closely. Both 
anemia and red blood cell (RBC) transfusion 
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may negatively influence the outcome. The need 
for intraoperative blood transfusion should be 
individualized taking into account expected 
blood loss, type of surgery, cardiorespiratory sta-
tus, and clinical endpoints. The “dynamic” hemo-
dynamic parameters (e.g., changes in stroke 
volume, arterial pulse pressure) provide a more 
accurate picture of volume status and responsive-
ness to fluid expansion than static hemodynamic 
parameters.

Blood pressure must be maintained by opti-
mizing intravascular volume and if needed, using 
vasopressors like phenylephrine, norepinephrine 
infusion to counteract the vasodilation caused by 
anesthetic agents. Based on the patient’s cardiac 
function and other comorbidities, agents like 
dopamine, dobutamine, or vasopressin can be 
used if hypotension is refractory to adrenergic 
agents.

17.3  Postoperative

Question 16:
How will you prepare the patient for emergence 
from anesthesia? Will you allow the patient to 
become hypercarbic to stimulate spontaneous 
ventilation? If the blood pressure elevates to 
180/100 how will you manage?

Answer:
Emergence from anesthesia following craniot-
omy for tumor excision is a very crucial phase 
that requires meticulous planning, preparation, 
and skills. The two important goals are to achieve 
the following:

 1. Smooth emergence without coughing/bucking 
and sympathetic stimulation

 2. Rapid and complete awakening to facilitate 
the neurological examination

Emergence from anesthesia is often associ-
ated with significant sympathetic stimulation and 
catecholamine surge which gets further accentu-
ated by the airway irritation from the endotra-
cheal tube. The reported incidence of patient 

coughing during emergence is as high as 80–95% 
[104, 105]. Unfortunately, this can result in a 
number of detrimental side effects including 
hypertension, tachycardia, increased bleeding 
from the surgical site, and increased intracranial 
and intraocular pressures [106]. The incidence of 
hypertension during emergence has been reported 
to be more than 90% in neurosurgical patients 
[107, 108].

Perioperative hypertension has been directly 
linked with peri-resection bed hematoma, hema-
toma distant from the resection site, cerebral 
edema, and increased ICP [109, 110]. Given the 
potential morbidity, controlling this hemody-
namic response is of extreme importance to pre-
serve cerebral homeostasis. Various strategies 
have been employed to attenuate the airway and 
circulatory responses during extubation includ-
ing extubating in a deep plane of anesthesia 
[111], administrating of IV agents like short- 
acting narcotics [112–114], IV and intra-cuff 
lidocaine [104, 115] or dexmedetomidine [116, 
117] and various anti-hypertensives like esmolol 
[108, 118], nicardipine [119], and labetalol [108]. 
Each of these methods has its own limitations.

Adequate analgesia, prevention of hypother-
mia and shivering, adequate reversal of neuro-
muscular blockade, and timely tracheal 
extubation to avoid bucking against the tube are 
critical to limit catecholamine surge and hemo-
dynamic changes. Esmolol, a short-acting beta- 
blocker has shown to improve hemodynamic 
stability during emergence and mitigate CBF 
changes [118]. Low dose remifentanil [112, 113] 
infusion continued during the emergence period 
has been successful in blunting the hemodynamic 
responses, but attention should be paid to avoid 
respiratory depression and hypercapnia.

Early awakening allows for neurological 
examination, as the awake patient is the best 
neurological monitor. This helps to diagnose any 
postoperative complications like postoperative 
hematoma. The anesthetic technique that can 
lead to early awakening have been addressed 
from time to time and as discussed earlier in 
question 10. Prospective, randomized clinical 
trials have failed to consistently prove that one 
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anesthetic technique is advantageous over 
another with regard to time to recovery, extuba-
tion, or postoperative cognitive function.

In certain situations, delayed emergence might 
be preferred [120] as respiratory drive and pro-
tective airway reflexes are expected to be 
impaired putting the patient at risk for secondary 
brain damage due to hypercapnia and hypoxia. 
Examples include prolonged procedures, large 
tumors requiring extensive dissection, surgery 
associated with significant brain ischemia (e.g., 
long vascular clipping times and extensive retrac-
tor pressure), significant cerebral edema, tight 
brain, proximity of the tumor to vital centers, 
hemodynamic instability, and significant intraop-
erative bleeding. If the patient was obtunded or 
had inadequate airway control preoperatively, the 
probability of successful early extubation 
becomes less likely. If delayed emergence is cho-
sen, patient should be adequately sedated with 
easily titratable short-acting agents to avoid fight-
ing the ventilator.

Hypertension needs to be treated immediately 
with short-acting agents, and CO2 should be 
allowed to raise slowly to normal level especially 
after a period of hyperventilation. Acute restora-
tion of a normal PaCO2 value will result in 
increased CBF with a concomitant increase in ICP.

Question 17:
Patient is not waking up after the surgery. How 
will you evaluate?

Answer:
The majority of commonly used anesthetics have 
demonstrated acceptable emergence times with-
out clinically significant difference in emergence. 
Nevertheless, prolonged duration of anesthesia 
can cause delayed emergence due to increased 
tissue uptake depending upon the concentration 
used and drug solubility. If the patient is not 
awake enough to obey simple verbal commands 
20–30 min after complete cessation of anesthe-
sia, non-anesthetic causes must be ruled out.

While the specific cause is being pursued, pri-
mary management is always support of airway, 
breathing, and circulation. A quick neurological 
examination, twitch monitor, vital signs includ-

ing temperature, arterial blood gas including 
electrolytes and glucose can rule out most of the 
common causes followed by imaging. The pos-
sibility of acute intracranial event must be ruled 
out with CT or MRI especially after craniotomy. 
The causes for delayed emergence [121] are 
listed in Table 17.4.

Question 18:
Where will you recover the patient after surgery? 
Will you consider sending the patient to step 
down if intensive care unit (ICU) is full?

Answer:
The most feared postoperative complication is 
cerebral hemorrhage, which occurs most often in 
the first 6  h after surgery, hence close clinical 
monitoring in an ICU setting is recommended. In 
a retrospective analysis, factors associated with 
postoperative complications were tumor severity 
score (combining tumor location, mass effect, 
and midline shift), estimated blood loss, intraop-
erative fluids volume, longer duration of surgery, 
and postoperative ventilation [122]. However, 
because of the limited ICU resources, direct 
admission of low-risk patients to the ward has 
been proposed [123]. However, one should 
ensure adequate nurse and physician staffing, 
adequate monitoring, and the presence of a rapid 
response team in cases of neurological deteriora-
tion. Decision must be taken on an individualized 
basis after discussing with the surgeon. Our 
patient had significant midline shift and large 
tumor, thus it is safest to recover in the recovery 
unit until an ICU bed becomes available.

Question 19:
Patient is concerned about pain after surgery. 
How will you manage post-craniotomy pain?

Answer:
Pain after craniotomy is often moderate or severe 
and is greatest in the first 48 h after the procedure 
[124, 125] and is often undertreated. Strategies to 
overcome craniotomy pain requires interventions 
at all phases of patient care such as patient educa-
tion, risk stratification, multimodal analgesia, 
and nonpharmacological and bio/behavioral 
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interventions. Multimodal analgesia is the gold 
standard for managing perioperative pain, which 
combines drugs with additive or synergistic 
effects resulting in reduced opioid consumption, 
side effects, and improving overall outcomes.

Various groups of drugs like lidocaine infu-
sion, gabapentin, dexmedetomidine, ketamine, 
acetaminophen, and corticosteroids have been 
used successfully as part of the multimodal anal-
gesia [125]. An increasing use of remifentanil 
during anesthesia necessitates an effective post-
operative analgesic strategy. Limiting the dose of 
remifentanil to less than 0.2 μg/kg/min and com-
bination with other analgesics has been suggested 
to mitigate acute opioid tolerance and opioid- 
induced hyperalgesia [126]. Scalp block or 
wound infiltration with local anesthetics adminis-
trated prior to craniotomy has been found to 
reduce intraoperative analgesic requirement as 
well as delay the onset of post-craniotomy pain 
[125]. Acetaminophen alone is not potent enough 
to control pain after craniotomy but is an ideal 
component of multimodal analgesia for acute 
post-craniotomy pain. Patient-controlled analge-
sia with various opioids can be used, but needs 

close postoperative monitoring to recognize any 
respiratory depression. Nonsteroidal anti- 
inflammatory drugs (NSAID) are not commonly 
used because of their potential to cause bleeding. 
However, the risk of bleeding due to NSAID has 
not been demonstrated after neurosurgery [125].

Question 20:
How will you manage post-craniotomy nausea 
and vomiting.

Answer:
Intracranial procedures per se carry high risk for 
PONV.  The overall incidence of PONV within 
24  h after craniotomy is approximately 50% 
[127]. Vomiting and retching could result in an 
increase in ICP and bleeding at the surgical site. It 
also puts the patient at risk for aspiration and elec-
trolyte imbalance, compromising the outcome 
after intracranial procedures. Prophylaxis for 
PONV is therefore highly recommended. 5-HT3 
antagonists such as ondansetron are considered as 
agent of choice. Ondansetron and granisetron are 
considered safe with fewer side effects but are 
only partially effective [128]. However, dexa-

Table 17.4 Causes and workup for delayed emergence

1. Effects of drugs:
   (a) Residual anesthetic after prolonged anesthesia: supportive therapy
   (b) Excess narcotics: careful titration with small doses of naloxone
   (c)  Excessive preoperative anxiolytics: benzodiazepines can be reversed by flumazenil 0.2 mg every minute 

up to 1 mg
   (d)  Central anticholinergic syndrome: precipitated by antihistamines, atropine, or antidepressants: 

Physostigmine 1.25 mg IV can reverse cholinergic effects
   (e) Inadequate reversal of muscle relaxation or pseudocholinesterase deficiency
   (f)  Acute alcohol intoxication or other illicit drugs rendering unconsciousness extending the length of the 

anesthetic
2. Metabolic causes:
   (a) Hypercarbia; patients might need postoperative ventilation
   (b) Hypoxemia; patients may require mechanical ventilation or supplemental oxygen
   (c) Acidosis; correction of the underlying disorder will address the acidosis
   (d) Hypo-/hyperglycemia; check blood gas, correct as indicated
   (e) Hypo-/hypernatremia; correct slowly such as not to create central pontine myelinolysis
   (f) Hypo-/hyperthermia; correct as indicated
   (g) Underlying metabolic disorder; disorders can include liver disease, uremia, hypothyroidism
3. Neurologic causes:
   (a) Seizure: a postictal state may well mimic unconsciousness
   (b) Cerebral edema
   (c) Intracranial hematoma or pneumocephalus
   (d) New ischemic event
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methasone routinely administered in neurosurgi-
cal patients for reduction of peritumoral edema 
increases the antiemetic efficacy of 5-HT3 antago-
nists. Effective prevention of PONV in neurosur-
gical patients requires accurate risk stratification 
by means of a PONV scoring system. In the pres-
ence of more than 2 individual risk factors, multi-
modal method should be employed.

Multiple Choice Questions
 1. Which of the following drugs is the BEST 

choice for lowering ICP while maintaining 
CPP in a patient with intracranial tumor with 
intact cerebral autoregulation?
 (a) Propofol
 (b) Thiopental
 (c) Hypertonic saline
 (d) Sevoflurane
Answer: c

Propofol and thiopentone decrease ICP 
but will decrease CPP due to decrease in 
blood pressure. Sevoflurane also decreases 
CPP. Hypertonic saline decreases ICP while 
maintaining CPP.

 2. Which of the following value sets is MOST 
consistent with the SIAD secretion?
 (a) Serum [Na+] (mmol/L): 130, Serum 

Osmolality (mOsm): 270, Urine [Na+] 
(mmol/L): 18, CVP: 12

 (b) Serum [Na+] (mmol/L): 128, Serum 
Osmolality (mOsm): 267, Urine [Na+] 
(mmol/L): 40, CVP: 12

 (c) Serum [Na+] (mmol/L): 128, Serum 
Osmolality (mOsm): 268, Urine [Na+] 
(mmol/L): 40, CVP: 4

 (d) Serum [Na+] (mmol/L): 157, Serum 
Osmolality (mOsm): 334, Urine [Na+] 
(mmol/L): 18, CVP: 4

Answer: b
A has a pattern that is most consistent with 

water intoxication. C has a pattern that is most 
consistent with CSW syndrome. D has pattern 
that is most consistent with either central or 
nephrogenic diabetes insipidus.

 3. Which statement about VAE during cranial 
surgery is MOST likely true?
 (a) The VAE can be decreased by keeping 

high PEEP during sitting craniotomy.

 (b) The VAE risk is increased when the head is 
more than 15° above the level of the heart.

 (c) A VAE is best detected with a precordial 
stethoscope.

 (d) A single-orifice central line provides the 
most effective treatment should a VAE occur.

Answer: b
High PEEP is not proven to decrease the 

incidence of VAE. It is not recommended as it 
can increase the risk of paradoxical air embo-
lism. For choice C, transesophageal echocar-
diography is the most sensitive detector of air in 
the heart. A precordial Doppler is the next most 
sensitive detector. In choice D, a multiorifice 
central venous catheter placed at the junction of 
the superior vena cava and the right atrium has 
been shown to be effective in treating experi-
mental VAEs.

 4. Which of the following statements is TRUE 
about CBF and nitrous oxide?
 (a) Carbon dioxide causes a CBF response 

that is unchanged with nitrous oxide.
 (b) CBF is decreased with nitrous oxide use.
 (c) Nitrous oxide decreases blood flow 

through vasoconstriction.
 (d) The effects of nitrous oxide are the 

greatest with concomitant use of IV 
anesthetics.

Answer: a
Carbon dioxide causes CBF to change 

depending on the level and its response is not 
changed by the presence of nitrous oxide.

 5. A 65-year-old man has quadriplegia after 
undergoing suboccipital craniotomy in the sit-
ting position for posterior fossa tumor. Which 
of the following is the most likely cause?
 (a) Air embolism with the presence of probe 

patent foramen ovale
 (b) Postoperative pneumocephalus
 (c) Compression of the cervical cord due to 

excessive flexion of the neck
 (d) Increased CPP
Answer: c

VAE is a known complication in the sitting 
position; however, isolated quadriplegia is 
uncommon. Jugular venous obstruction can 
lead to raised ICP but does not produce quad-
riplegia by itself.
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Pneumocephalus is one of the differential 
diagnoses of delayed awakening. Collection of 
air under the dura can increase ICP and neuro-
logical deficit but unlikely to cause isolated 
quadriplegia. It occurs because air enters the 
cranium when the patient is in a head-up posi-
tion at a time when the volume of the intracra-
nial contents has been reduced. When the 
cranium is closed and the patient is returned to 
the near supine position, CSF, venous blood 
volume, and extracellular fluid return or reac-
cumulate and the air pocket becomes an unyield-
ing mass lesion. Supratentorial pneumocephalus 
(STP) can develop during procedures performed 
in the sitting position as CSF drains out of the 
cranial cavity at the durotomy site. The treat-
ment can include in mild cases, supplemental 
oxygen is enough or a twist-drill hole followed 
by needle puncture of the dura can be performed 
for resistant cases. Tension pneumocephalus 
can result in delayed emergence from anesthe-
sia, locked-in syndrome, and lateral rectus mus-
cle palsy, and requires emergent evacuation.
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Management of Patient 
with Traumatic Brain Injury: 
Epidural Hematoma

Letha Mathews

Stem Case Terminology
An 18-year-old male was brought to the 
emergency department (ED) following a 
motor vehicle crash (MVC). The paramedics 
found him awake at the crash site but noted 
mild confusion and a history of brief loss 
of consciousness (LOC). He complained of 
pain on the (L) side of his head and chest. 
But he was hemodynamically stable en-
route to the hospital. In the ED, the patient 
complained of worsening headache and was 
became more confused and combative. The 
anesthesia team was consulted for sedation 
prior to head CT (computerized tomogra-
phy). When you arrived at the ED to assess 
the patient, he was somnolent and not fol-
lowing commands.

Vital Signs: BP 180/95  mmHg, HR 
51 bpm, RR 18, SpO2 94% on 2 L O2 via nasal 
cannula. His cervical spine was immobilized 
with a C-collar. A 16 G IV was present on the 
left hand with lactated Ringer’s infusing.

• What other information would you like 
before you transfer the patient to the CT 
scanner? How would you sedate this patient 
for the head CT? Would you intubate this 

patient? Discuss the various options for 
sedation and intubation of a head injured 
patient.

After the patient was intubated and venti-
lation established, patient was transferred to 
the CT scanner. Head CT showed a large “lens 
shaped mass” on the left frontoparietal area 
with 9 mm midline shift. He was emergently 
transferred to the operating room (OR) for 
evacuation of an epidural hematoma (EDH).

• What are the common causes of EDH? 
How do they usually present? How is the 
decision for operative intervention made? 
What are your concerns during transport to 
the OR? How would you monitor the 
patient?

The patient is in the OR now and his vital 
signs are as follows: BP 195/70 mmHg, HR 
59 bpm, SapO2 96% on 40% FiO2. Pt is placed 
on the ventilator and breath sounds are con-
firmed bilaterally. Temperature is 36.9° C.

• Would you lower his BP before surgery 
starts? Is an arterial line indicated for this 
case? Would you delay starting the case to 
place an a-line? What is the BP goal?

The surgeon requests 1 g/kg of mannitol to 
lower ICP (intracranial pressure).
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• What is the mechanism of action of man-
nitol and what other options are available 
to decrease ICP?

The patient is turned over to the surgeons 
and his vital signs are stable and adequate ven-
tilation is established.

• How would you maintain anesthesia? Is 
total intravenous anesthesia (TIVA) indi-
cated? Does TIVA offer any advantage 
over inhalational anesthesia?

Anesthesia is maintained with TIVA with 
propofol infusion supplemented with fentanyl 
boluses and neuromuscular blockade with ve-
curonium bromide. The first arterial blood gas 
(ABG) shows pH 7.36, PaCO2 36 mmHg, PaO2 
140  mmHg, Base Excess −5.6, PCV- 32, Na-
134 mEq/L, K 3.9 mEq/L, and the remainder of 
the labs were within normal limits. As the cranial 
bone flap is removed, the dura appears to be tense. 
The surgeon asks for improved brain relaxation.

• What other options are available to decrease 
brain edema and provide brain relaxation?

The surgeon evacuated the hematoma and 
your efforts to reduce brain swelling have im-
proved the operating conditions. You notice 
that the peak inspiratory pressure (PIP) has in-
creased from 20 cm H2O from 30 cm H2O. BP 
90–95  mmHg systolic, HR 101  bpm, SaO2 
89%. An ABG, and a complete blood count 
with platelets and coagulation panel were sent 
to the lab, with results currently pending.

• What is your differential diagnosis? How 
would you manage this situation?

• Discuss neuroprotection strategies based on 
brain trauma foundation (BTF) guidelines.

The patient is stabilized with your inter-
vention and ventilation normalized. SaO2 is 
97%. What is your emergence plan? Would 
you extubate this patient?

ABG shows PaO2 98  mmHg on FiO2 0.5 
and serum sodium 128 mEq/L. Hb 10.5 g/dL 
and coagulation labs still pending.

What are the causes of hyponatremia in 
the setting of head injury? Would you treat 
this?

After discussion with the surgical team it 
was decided to awaken the patient to do a 
neuro exam and if he remains stable to 
extubate. Patient was very slow to awake, 
purposeful with his (L) side, but not the 
right side. It was decided to leave the 
patient intubated and transport to the 
neuro-ICU.

• Would you sedate the patient for transport? 
Why or why not?

• What are the postoperative concerns for 
this patient? What neuromonitors would 
you consider in the postoperative period? Is 
seizure prophylaxis indicated in the post-
operative period?

Discussion: This 18-year-old patient was 
involved in a MVC with history of brief LOC 
followed by worsening confusion and agita-
tion in the ED. He has sustained injury to the 
left side of his head and chest and complains 
of tenderness in those areas. He becomes 
increasingly somnolent and unable to lie still 
for an emergent head CT.  His vital signs 
showed hypertension and bradycardia which 
along with decreasing level of consciousness 
in this setting would suggest increased ICP as 
defined by Cushing’s reflex. Cushing’s reflex 
is named after Harvey Cushing and is charac-
terized by increasing systolic BP and pulse 
pressure and bradycardia with respiratory 
irregularities eventually leading to brain her-
niation and fatal brain stem compression 
[1–4].

His neck is in a C-collar as per standard proto-
col following MVC.

18.1  Preoperative

Question 1:
What other information would you like before 
you transfer the patient to the CT scanner? How 
would you sedate this patient for the head CT? 
Would you intubate this patient? Discuss the 
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various options for sedation and intubation in a 
head injured patient.

Answer:
It would be ideal to obtain the usual preanesthetic 
information such as allergies, PMH, laboratory 
values, and the presence of other associated 
injuries before any anesthesia is administered. A 
rapid neurological assessment should be 
performed and the severity of traumatic brain 
injury (TBI) should be recorded using GCS. 
However, any delay in obtaining the CT scan 
should be avoided in a patient who is displaying 
signs of intracranial hypertension. Also, in a 
patient who was involved in a MVC, it would be 
prudent to assume that the C-spine is injured and 
should be immobilized. A quick airway exam 
should be done to prepare for appropriate airway 
management.

The goals of management for a patient with 
acute intracranial hypertension are:

 1. Minimize further rise in ICP and prevent fur-
ther brain injury and risk of brain herniation.

 2. Facilitate early diagnosis and intervention as 
indicated.

 3. Maintain adequate Cerebral Perfusion 
Pressure (CPP) defined as MAP − ICP.

 4. Prevent secondary injuries resulting from 
hypotension, hypoxemia, hypercarbia or 
hypocarbia, hypo- or hyperglycemia, and 
hyperthermia.

 5. Secure the airway while minimizing C-spine 
movement and establish ventilation and pro-
vide adequate amnesia and analgesia.

Secondary injuries resulting from hypoten-
sion, hypoxemia, hypercarbia or hypocarbia, 
hypo- or hyperglycemia, and intracranial hyper-
tension can worsen outcome following TBI [5]. 
So, in this patient who is combative and somno-
lent it would be advisable to secure the airway 
with an endotracheal tube (ETT) to improve both 
oxygenation and ventilation and decrease the risk 
of pulmonary aspiration.

Induction and Intubation: Laryngoscopy and 
intubation can increase ICP acutely and should 
be avoided. The patient should be adequately 

anesthetized before laryngoscopy is attempted. 
Since this patient with acute traumatic injury is 
considered to have full stomach, rapid sequence 
induction (RSI) and intubation are recommended. 
There is no ideal induction agent. Propofol can 
cause hypotension, but addition of phenylephrine 
50–100 μg with the propofol can help prevent or 
decrease the severity of hypotension. Etomidate 
[6]and ketamine are other options. The use of 
ketamine was contraindicated in the neurosurgi-
cal patients until recently due to its potential to 
increase ICP. But more recent studies have shown 
that ketamine has neuroprotective effects [7] 
even in stroke, neurotrauma, and subarachnoid 
hemorrhage. Ketamine could be used in a select 
group of patients, e.g., in the presence of hypo-
tension. RSI can be achieved with an induction 
agent of choice, a neuromuscular blocking agent 
(NMBA) and narcotic such as fentanyl 1–2 μg/kg 
and lidocaine 1–1.5 mg/kg. The addition of nar-
cotics such as fentanyl and lidocaine would help 
blunt the sympathetic response to laryngoscopy 
and intubation [8, 9].

The use of succinylcholine to facilitate intuba-
tion in the setting of intracranial hypertension is 
much debated because of its potential to increase 
ICP related to muscle fasciculations. However, 
studies have shown that the impact of 
succinylcholine- induced rise in ICP is minimal 
[10–12]. Additionally, the minimal increase in 
ICP from succinylcholine can be attenuated by 
pretreating with defasciculating doses of a non- 
depolarizing NMBA [13]. As such, vecuronium, 
rocuronium, or cisatracurium (0.3  mg, 2  mg, 
1.5 mg IV, respectively) is commonly used although 
the evidence is poor to show that it impacts out-
come in patients with head injury [14]. In an emer-
gent situation when time is of the essence to secure 
an airway, succinylcholine can be used unless it is 
contraindicated for other reasons. Delay in intuba-
tion and oxygenation and ventilation carries greater 
risk in the setting of increased ICP than the poten-
tial for a succinylcholine-induced rise in ICP.  If 
succinylcholine cannot be used, RSI can achieved 
with rocuronium 1.2 mg/kg.

Airway Management in the ED can be chal-
lenging in a multitrauma patient. In a patient in 
whom the neck is not cleared, it is best to assume 
there is a potential for C-spine injury and all pre-
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cautions should be taken to minimize C-spine 
movement. It is imperative that experienced per-
sonnel familiar with airway management as well 
as advanced airway equipment are available. The 
commonly employed methods for endotracheal 
intubation include direct laryngoscopy or video 
laryngoscopy with manual in line stabilization 
(MILS). MILS has shown to decrease glottic 
visualization and prolongs time to intubation and 
increases the rate of failed intubation [15]. The 
application of cricoid pressure or gum elastic 
bougie can improve glottic view and facilitate 
intubation [16], but cricoid pressure should be 
used with caution if unstable C-spine fracture is 
suspected. Fiberoptic or flexible scope intuba-
tion may be indicated if extreme difficulty with 
airway is suspected. But there is no evidence to 
show that any one approach improves outcome. 
The recommendation is that the anesthesia pro-
vider should use the equipment that they are 
most familiar with to secure the airway rapidly 
to avoid hypoxia and hypercarbia. It is common 
practice to remove the front of the C-collar while 
maintaining the neck in a neutral position with 
MILS to facilitate intubation if difficulty with 
intubation is encountered.

Once the patient’s airway is secured and ven-
tilation and hemodynamic stability is established, 
patient can be sedated with propofol infusion for 
the CT scan.

The CT scan revealed a large EDH with mid-
line shift, and a decision for operative interven-
tion for evacuation was made.

Question 2:
What are the common causes of EDH? How do 
they usually present? How is the decision for 
operative intervention made? What are your con-
cerns during transport to the OR? How would 
you monitor the patient?

Answer:
An EDH occurs in 2% of all head injuries and up 
to 10–15% of all fatal head injuries [17]. The most 
common causes of EDH are motor vehicle acci-
dents, falls, or assaults. The incidence is higher 
among males, adolescents, and young adults. The 
mean age of a patient with EDH is 20–30 
[17]  years and it is less common in adults over 

50–60  years. Most EDHs result from arterial 
bleeding resulting from injury to the middle men-
ingeal artery. About 10% of EDHs are due to 
venous bleeding following the laceration of a 
dural venous sinus. In adults, up to 75% of EDHs 
occur in the temporal region. However, in chil-
dren, they occur with similar frequency in the 
temporal, occipital, frontal, and posterior fossa 
regions. Often EDH present with a history of brief 
LOC followed by a lucid interval.

EDH with GCS < 9 is a surgical emergency and 
should be evacuated as soon as possible. The deci-
sion to operate is based on the size of the EDH and 
GCS score and symptoms. Any EDH  >  30  cm3 
should be evacuated irrespective of patient’s 
GCS. If the EDH is <30cm3 with less than 5 mm 
midline shift and GCS > 8 and no focal deficit, it 
can be managed nonoperatively, but with close 
neurological monitoring and serial CT scans [17].

Based on the CT imaging and symptomatology, 
a decision has been made to do operative interven-
tion. Craniotomy and evacuation of the hematoma 
are the standards of surgical treatment of symptom-
atic EDH.  The major concerns during emergent 
transport to the OR are to maintain hemodynamic 
stability by avoiding hypertension or hypotension 
and avoiding any triggers that would increase ICP 
such as coughing and straining on the ETT and agi-
tation. Patient’s vital signs and oxygenation and 
ventilation should be closely monitored, and he 
should be adequately sedated. The usual monitoring 
during such a case would include EKG, noninvasive 
BP (NIBP), and Spo2. The patient should be venti-
lated via ETT to prevent hypercarbia or hypoxia.

18.2  Intraoperative

Question 3:
Would you lower his BP (190/70 mmHg) before 
surgery starts? Is an arterial line indicated for this 
case? Would you delay starting the case to place 
an a-line? What is the BP goal?

Answer:
The patient is hypertensive and bradycardic (HR 
59) which are signs of intracranial hypertension 
in the presence of EDH. The elevation in BP is a 
compensatory mechanism to maintain CPP.  A 
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reduction in MAP can exacerbate cerebral isch-
emia. Cerebral autoregulation is impaired follow-
ing TBI [18, 19] and a sudden rise in BP can lead 
to hemorrhage, edema, and further elevation of 
ICP. On the other hand, hypotension can worsen 
outcome in the presence of intracranial hyperten-
sion. The BTF guidelines recommend SBP > 110 
mmHg or above for patients in the 15–49 years 
age group [20].

The minimum CPP required for survival 
and improved outcomes is unclear, but the rec-
ommendation of the BTF guidelines is between 
60 and 70  mmHg [20]. In the presence of 
severe intracranial hypertension, higher MAP 
must be maintained to maintain CPP. Therefore, 
lowering of SBP must be done with extreme 
caution during anesthesia. But other measures 
to lower ICP such as elevation of the head of 
the bed to 30°, hyperventilation for a limited 
period, and osmotic diuretics such as mannitol 
can all be used. The choice of anesthetic 
agents will be discussed in the following 
section.

Monitors: Standard ASA monitors and arterial 
line for close monitoring of BP are recom-
mended. ABG monitoring would allow assess-
ment of arterial PaO2 and PaCO2. But undue 
delay in placing the arterial line and holding up 
surgery must be avoided. The evacuation of EDH 
must be completed as quickly as possible to 
improve outcome. An arterial line can be placed 
simultaneously as the surgical team prepares the 
head for incision. A central venous line (CVL) is 
usually not needed provided large bore peripheral 
IV access can be obtained. In patients with other 
associated injuries and significant blood loss and 
acute hypovolemia, a CVL may be indicated for 
resuscitation and administration of vasopressors 
such as norepinephrine and for hypertonic saline 
(HS) administration. A CVL can also help with 
postoperative management, but that can be done 
after evacuation of hematoma in the OR if 
deemed necessary.

Question 4:
What is the mechanism of action of mannitol and 
what other options are available to decrease ICP?

Answer:
Mannitol produces osmotic diuresis by increas-
ing the osmotic pressure of glomerular filtrate, 
which inhibits tubular reabsorption of water and 
electrolytes and increases urinary output. 
Mannitol expands plasma volume and decreases 
blood viscosity and increases cerebral blood flow 
(CBF). It also decreases ICP by causing vasocon-
striction [21, 22]. The standard dose of mannitol 
for effective control of ICP is 0.25–1 g/kg body-
weight. The BTF guidelines recommend restrict-
ing mannitol use prior to ICP monitoring to 
patients with signs of transtentorial herniation or 
progressive neurologic deterioration [20].

Furosemide inhibits production of cerebrospi-
nal fluid (CSF) and can potentiate the effects of 
mannitol and cause  more sustained decrease in 
ICP.  But the diuresis and volume depletion 
caused by these diuretics can cause hypotension 
which should be prevented.

HS which comes in 3%, 7.5%, and 23.4% 
concentration is an alternative to mannitol when 
mannitol is contraindicated, or maximum allow-
able dosage has been used. Three percent HS is 
the most commonly used concentration and usu-
ally given as an infusion titrated to serum 
sodium of 145–155  mEq/L.  HS has a lower 
risk of rebound intracranial hypertension and 
renal failure. Studies have shown that 7.5% HS 
is very effective in improving CPP and reduc-
ing ICP when other measures have failed [23, 
24]. HS should be used with caution and 
patients should be monitored for adverse 
effects such as hypernatremia and central pon-
tine myelinolysis, seizures, congestive heart 
failure, and coagulopathy. HS is usually admin-
istered via a CVL because of the risk of throm-
bophlebitis and extravasation injury. However, 
in an emergency it can be administered through 
a large bore PIV.

Other options available to decrease ICP are 
CSF drainage via ventriculostomy, decompres-
sive craniectomy, and barbiturate-induced burst 
suppression.

Ventriculostomy via external ventricular drain 
(EVD) is a very effective way to control ICP in 
patients with head injury. However, when the 
brain edema is severe leading to ventricular col-
lapse the utility of EVD becomes limited.

18 Management of Patient with Traumatic Brain Injury: Epidural Hematoma
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Maintenance of Anesthesia

Question 5:
How would you maintain anesthesia? Is TIVA 
(total intravenous anesthesia) indicated?

Does TIVA offer any advantage over inhala-
tional anesthesia?

Answer:
Anesthesia can be maintained with inhalational 
anesthetic agents with a combination of low dose 
propofol with narcotics or TIVA.  The choice of 
anesthetic agents depends on the condition of the 
patient. The effects of anesthetic agents on CBF, 
CMRO2, ICP, and cerebral vascular resistance 
vary. TIVA vs. inhalational anesthesia has been 
much debated and there is no clear evidence to 
support the use of one technique over the other. 
Chui et al. [25] have published a review and meta-
analysis comparing the effects of propofol and 
volatile agents during elective craniotomy. They 
concluded that the brain relaxation score was simi-
lar in both groups, but mean ICP values were 
lower and CPP values were higher in the propofol 
maintained group. All inhalational agents cause 
dose-dependent cerebral vasodilation. They reduce 
CMR and can blunt cerebral autoregulation by 
uncoupling CBF and metabolism [26, 27]. The 
increase in CBF produced by volatile agents can 
be decreased by hyperventilation, but it is impor-
tant to avoid hyperventilation below 
PCO2 < 30 mmHg except as a temporizing mea-
sure in brain herniation. The standard combination 
of drugs used for maintenance of anesthesia are 
fentanyl 1–2 μg/kg boluses, or remifentanil 0.05–
0.2 μg/kg/min with isoflurane or sevoflurane <1 
MAC end tidal concentration or propofol 
50–150 μg/kg/min. High dose propofol can cause 
hypotension and can worsen outcome [20].

Question 6:
Brain herniation into the surgical field—What 
other options are available to decrease brain 
edema and provide brain relaxation?

Answer:
This has been discussed above—elevation of the 
head of the bed, osmotic diuresis, CSF drainage, 
hyperventilation, etc.

Associated Injury/Complication: Hypoxia, 
Increased PIP, Hypotension

Question 7:
What is your differential diagnosis (D/D)? How 
would you manage this situation?

Answer:
In a patient with history of MVA, the D/D would 
include but is not limited to: pneumothorax, 
hemothorax, pulmonary embolus, occlusion of 
the ETT with blood or mucus, mainstem bron-
chus intubation, anaphylaxis to drugs or blood 
products, cardiac events such as MI, pulmonary 
edema or cardiac tamponade.

This patient had sustained injury to his head 
and his left chest with rib fractures. The triad of 
symptoms of hypotension, increased PIP, and 
hypoxia would place pneumothorax or hemotho-
rax high on the list of differential diagnosis. A 
chest X-ray that was done in the ER reported a 
(L) apical pneumothorax. Increased intrathoracic 
pressure would decrease venous return from the 
brain and worsen ICP. Increased ICP along with 
hypotension and hypoxia in TBI would worsen 
outcome and should be treated immediately. 
Administer 100% oxygen, treat hypotension with 
vasopressors. Once other causes are ruled out and 
pneumothorax is confirmed, if conservative mea-
sures do not temporize the situation, a chest tube 
should be placed, and air evacuated. ABG and 
CBC, BMP and coagulation panels should be 
checked to rule out bleeding from other injuries.

Question 8:
Discuss neuroprotection strategies for TBI based 
on the BTF guidelines during the perioperative 
period.

Answer:
Much of the neuroprotection strategies have been 
discussed already. The primary goal during the 
perioperative period in a patient with TBI is to pre-
vent secondary brain injury resulting from hypo-
tension, hypertension, increased ICP, hypoxemia, 
hypo/hypercarbia, hypo/hyperglycemia, and fever.

The complete guidelines can be found at:
https://braintrauma.org/guidelines/guidelines- 

for-the-management-of-severe-tbi-4th-ed
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A few of the topics that have not been dis-
cussed already will be briefly discussed here.

ICP Thresholds: ICP >22  mmHg should be 
treated as levels above this are associated with 
increased mortality.

The DECRA (Decompressive Craniectomy in 
diffuse TBI) trial [28] compared those who 
underwent craniectomy to the standard nonsurgi-
cal treatment group. Although the patients in the 
craniectomy group had less time in ICPs above 
treatment thresholds, they had worse outcome as 
measured by the extended Glasgow Outcome 
Scale and was at greater risk of an unfavorable 
outcome.

The RESCUE-ICP trial [29] included patients 
with TBI with refractory elevated ICP who 
underwent craniotomy vs. standard therapy, 
which showed lower mortality, higher rates of 
vegetative states, and lower severe disability. The 
rates of moderate disability and good recovery 
were similar in the two groups.

So, the decision for surgical intervention 
should be based on ICP values, serial neurologic 
exams, and CT scans.

Glycemic Control: Perioperative hypo/hyper-
glycemia can worsen neuronal injury. 
Hyperglycemia is common after TBI and has 
been shown to worsen outcome [30]. However, 
intensive insulin therapy has shown no benefits, 
but rather only increased risk of hypoglycemia 
[31, 32]. So, blood glucose (BG) should be moni-
tored frequently and treated if warranted. Many 
practices would treat BG >160 g/dL.

Ventilation and Oxygenation: Prolonged 
hyperventilation with PaCO2 of <25  mmHg is 
not recommended. Hyperventilation is recom-
mended only as a temporizing measure to 
decrease ICP [33]. Studies have shown deleteri-
ous effects and brain ischemia with PaCO2 at 
25–30 mmHg [34].

Intraoperatively, unless absolutely indicated 
due to brain edema and risk of herniation, we 
maintain PaCO2 in the 35  mmHg range. 
Hypercarbia increases CBF and can lead to 
edema which should be avoided.

Oxygenation: PaO2 should be maintained 
>60 mmHg [35].

Temperature Management: Normothermia is 
the goal during the intraoperative period. 
Therapeutic hypothermia has not shown benefit 
and is not recommended. Induced hypothermia 
has not shown benefit in improving long-term 
outcomes [35].

Fever can worsen outcome [36] and should be 
aggressively treated with antipyretic medications 
or surface cooling devices.

Steroids: There is Level I evidence to show that 
the use of methylprednisolone was associated 
with increased mortality and the use of steroids is 
not recommended [20].

Barbiturates: High dose barbiturate therapy is 
recommended to control elevated ICP refractory 
to standard medical and surgical treatment. But 
high dose barbiturates can cause hypotension 
which is detrimental in the TBI patients. 
Hemodynamic stability must be established 
before this therapy is instituted. Propofol for 
burst suppression has shown benefits anecdotally, 
but lacks robust evidence.

Hyponatremia in TBI: Serum sodium 
128 mEq/L. What are the causes of hyponatremia 
in the setting of head injury? Would you treat this?

Hyponatremia is defined as serum sodium 
<135 mEq/L. It is the most common electrolyte 
abnormality following TBI [37] and a predictor 
of poor neurologic outcome. The common 
causes of hyponatremia in the setting of TBI are 
cerebral salt-wasting syndrome (CSWS), syn-
drome of inappropriate ADH secretion (SIADH), 
hypopituitarism, and inadequate salt consump-
tion [37].

The exact incidence, pathophysiology, and clin-
ical differentiation between CSW and SIADH 
remain unclear [38]. In the acute intraoperative set-
ting, mannitol-induced hypervolemia that occurs 
due to fluid shift from the intracellular space to the 
intravascular space which can cause dilutional 
hyponatremia is the most likely the cause. But 
impaired hypothalamic-pituitary adrenal axis in 
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TBI is also common. This should be monitored 
closely and if the hyponatremia does not improve, 
serum osmolality and urinary specific gravity and 
urinary sodium should be checked and treated if 
necessary. Treatment would include HS, fludrocor-
tisone, or DDAVP.

18.3 Postoperative

Emergence and ICU Transport: The patient 
was very slow to awake, purposeful with his left 
side, but not the right side. It was decided to leave 
the patient intubated and to transport to the 
neuro-ICU.

• Would you sedate the patient for transport? 
Why or why not?

• What are the postoperative concerns for this 
patient? Is seizure prophylaxis indicated in the 
postoperative period?

Since the patient had significant brain edema 
and intracranial hypertension, it would be better 
to sedate the patient during transport to prevent 
any agitation and coughing on the ETT.

He also had hemodynamic instability result-
ing from a pneumothorax and has a chest tube in 
place. Transport to ICU is not in a very controlled 
environment and untoward events can happen 
during this time. So, our practice is to sedate the 
patient during transport while monitoring vital 
signs. As mentioned earlier, hypotension and 
hypoxemia should be avoided.

Following TBI, release of local mediators of 
inflammation (excitotoxins), alteration of CBF, 
and impairment of autoregulation occur. The 
resulting inflammation and excitotoxicity 
cause edema and further rise in ICP and 
decrease in cerebral perfusion. The reparative 
mechanisms of the injured brain can take time 
and during this period patient should be closely 
monitored. During this time, brain tissue oxy-
genation (PbtO2) and ICP monitors can help 
with management.

Seizure prophylaxis is recommended [35] to 
decrease the incidence of early (within 7  days) 
posttraumatic seizures, but not for preventing late 

seizures. Phenytoin/fosphenytoin is the drug rec-
ommended and there is not enough evidence to 
recommend levetiracetam although many institu-
tions use it routinely.

To summarize, TBI is a major cause of death 
and disability across the world. The medical 
community cannot limit the extent of the pri-
mary injury. But we play a major role in pre-
venting secondary injuries to improve outcomes. 
The BTF guidelines are helpful in guiding the 
treatment although evidence-based guidelines 
are still lacking on certain topics.

Multiple Choice Questions
 1. All of the following are true of EDH except:

 (a) EDH is present in 1–4% cases of TBI.
 (b) Skull fracture is present in 75–95% of 

EDH.
 (c) Highest incidence of EDH is in adoles-

cents and young adults.
 (d) EDH in adults is most commonly due to 

venous injury.
Answer: d

EDH is most commonly due to arterial 
injury. The major cause of arterial bleed is 
trauma to the skull base associated with tear-
ing of the middle meningeal artery.

 2. The factors that have been associated with 
poor outcome following EDH are:
 (a) Older age.
 (b) Low GCS score on admission.
 (c) Presence of pupillary abnormalities.
 (d) All of the above.
 (e) None of the above.
Answer: d

All of the answers are true.
 3. EDH is a neurologic emergency. The follow-

ing are the indications for surgical evacuation 
except:
 (a) EDH volume < 30 cm3 and less than 5 mm 

midline shift.
 (b) EDH with GCS < 9.
 (c) Patients who are comatose on admission 

and have early signs of brain herniation.
 (d) Acute EDH with a hematoma vol-

ume  >  30  cm3 regardless of the GCS 
score.

Answer: d
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EDH volume < 30 cm3 and less than 5 mm 
midline shift can be managed conservatively 
with close observation with frequent neuro-
logic exams.

 4. The following statements regarding monitor-
ing in TBI based on the BTF guidelines are 
true except:
 (a) ICP should be monitored in all salvage-

able patients with severe TBI (GCS 3–8) 
with an abnormal CT scan.

 (b) ICP monitoring is indicated for patients 
with TBI with a normal CT scan if 2 or 
more of the following features are noted 
on at admission: Age  >  40  years, SBP 
<90 mmHg or motor posturing.

 (c) ICP monitor can be used as the sole moni-
tor for making management decisions.

 (d) Avoid aggressive attempts to maintain 
CPP > 70 mmHg with fluids and pressors 
because of the risk of respiratory failure.

Answer: c
ICP monitor can be used as the sole moni-

tor for making management decisions is incor-
rect. ICP monitoring by itself is insufficient to 
make sound clinical decisions as the cascade 
of pathophysiology following TBI is very 
complex. A combination of ICP values and 
clinical and brain CT findings must be used to 
manage patients with TBI.
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Management of Patient 
with Traumatic Brain Injury: SDH

Dhritiman Chakrabarti and Deepti B. Srinivas

Traumatic brain injury (TBI) is one of the major 
causes of mortality and long-term morbidity in 
today’s society. The incidence of TBI in India has 
not been published till date although individual 
state data is published from time to time [1].

Stem Case Terminology
A 52-year-old man was received in the emer-
gency department (ED) after a road traffic acci-
dent involving a two-wheeler collision with a 
four wheeler. The patient was the motorcycle 
rider and was not wearing a helmet. The acci-
dent had happened 1 h earlier and patient was 
brought to the ED by an ambulance which was 
called to the scene by bystanders. The patient 
was delirious and agitated with face and scalp 
lacerations. The patient was evaluated in the ED 
for other injuries and vitals obtained. There was 
no evidence of limb injuries. Blood pressure was 
found to be lower than normal (100/60 mmHg) 
and heart rate was 125/min. Neurological exam-
ination revealed a Glasgow coma score (GCS) 
of 10 (E2, V3, M5), no apparent motor deficits 
and pupils 3 mm bilaterally and equally reac-
tive. After examination, an urgent non-enhanced 
computed tomography (NCCT) scan of the head 

was acquired, which revealed a large right-sided 
fronto-temporo-parietal acute subdural haema-
toma, with mass effect on the ipsilateral lateral 
ventricle and midline shift of 6 mm. The patient 
was planned for emergency right decompressive 
hemicraniectomy. Blood investigations includ-
ing haemogram and serum biochemistries were 
obtained. During his stay in the ED, the patient 
was infused with 0.9% normal saline and sup-
plemental oxygen using facemask was adminis-
tered. He was kept under constant monitoring of 
physiological parameters. He was wheeled into 
the operation theatre within 1 h of arrival to the 
ED. The anaesthesiologist induced anaesthesia 
using 250  mg of IV thiopentone, 150  μg IV 
fentanyl, and 8 mg IV vecuronium, and endo-
tracheal intubation was performed. The anaes-
thesiologist performed a bilateral scalp block 
to reduce intraoperative opioid requirements. 
Anaesthesia was maintained using 0.8 MAC 
sevoflurane and vasopressor (noradrenaline) 
was required to maintain systolic blood pres-
sure (SBP) >100 mmHg. Apart from standard 
monitors, external ventricular drain (EVD) was 
placed by the surgeon intraoperatively and con-
nected to a pressure transducer for intracranial 
pressure (ICP) monitoring. The surgeon evacu-
ated the haematoma, performed a lax duro-
plasty, and bone flap was not replaced. During 
the surgery, the anaesthesiologist administered 
250 mL of 3% hypertonic saline. Blood  product 
replacement was not required. Intraoperative 
blood glucose levels were found to be 140 and 
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160 mg/dL at the beginning and end of surgery, 
respectively. The patient was not extubated 
after the surgery and was shifted to intensive 
care unit for further management. Postoperative 
GCS was recorded to be E2, VT, M5. The patient 
was mechanically ventilated for 1 day and reas-
sessed. No sedation was administered during 
this period apart from IV morphine (6  mg, 
QID). The patient improved to E3, VT, M6 after 
one more day and was weaned off ventilator 
within 24 h and extubated. There were no other 
complications and patient was discharged with 
GCS of 15/15.

Question 1:
What are the pertinent points of history in a sus-
pected case of TBI?

Answer:
There are multiple points in the history of a TBI 
case which may be important for the clinician in 
terms of diagnosis, immediate treatment required 
for resuscitation, definitive treatment for the 
injury per se, and prognostication. Demographic 
details (age and sex) are important in relation of 
epidemiology of the pathology and long-term 
prognosis. Higher age group is a known risk factor 
for poorer neurological outcome and higher mor-
tality within surgically treated and conservatively 
managed subgroups [2, 3]. Elderly age group is 
also associated with the “talk-and-deteriorate” 
phenomenon, wherein the patient is apparently 
clinically normal during early examination and 
later deteriorates within 6  h. This phenomenon 
is caused due to the presence of atrophic brain in 
the elderly which allows for haematoma expan-
sion before leading to any observable signs [4]. 
Males are more commonly afflicted compared to 
females although this does not translate to any 
prognostic or therapeutic importance.

Mode of injury has not been found to be 
a significant predictor of mortality in cases 
of SDH or TBI as a whole [5, 6]. Time dura-
tion from injury to surgery has been found 
to be increased in patients with favourable 
outcomes. Although unintuitive, this can be 
explained by the fact that preoperative resus-
citation and haemodynamic stabilization often 
lead to delayed surgical intervention and may 

be a more important contributor to outcomes 
than surgery itself [7]. Mode of transport to 
trauma centre also does not contribute to out-
comes after head injury [8].

19.1 Preoperative

Question 2:
What are the components of physical examina-
tion in a patient of TBI?

Answer:
Physical examination of a patient of suspected TBI 
reveals the need for various investigative imaging 
studies, therapeutic interventions, and information 
related to prognostication. The first concern for any 
trauma patient is haemodynamic resuscitation and 
airway management. Recommendations for GCS 
estimation include conducting neurological exam-
ination only after haemodynamic and pulmonary 
resuscitation [9, 10]. One of the first prospective 
studies proving and quantifying the link between 
hypotension (SBP <90  mmHg) and mortality 
in severe TBI was conducted by Manley et  al., 
wherein one hypotensive episode led to a twofold 
increase in the chances of death and two episodes 
led to an eightfold increase [11]. However, they 
did not find any association between number of 
episodes of hypoxia and mortality or neurologi-
cal morbidity. The deleterious effect of hypoxia 
on neurological outcome has been shown to be 
present by Chestnut in a retrospective study and 
by McHugh in their IMPACT study. The combi-
nation of hypoxic and hypotensive episodes was 
associated with poorer outcome than either alone 
[12, 13].

Taking into view the physiological plausibil-
ity of causation, the Brain Trauma Foundation 
(BTF) suggests aggressive resuscitation and pre-
vention of hypotension, whose thresholds are 
mapped out in terms of SBP and cerebral per-
fusion pressure (CPP). The third edition of the 
guidelines suggested an SBP >90 mmHg (level 
2  recommendation) and a CPP of 50–70 mmHg 
[14, 15]. Latest recommendation states age 
wise blood pressure thresholds with SBP at 
≥100 mmHg for 50–69 years or ≥110 mmHg for 
patients 15–49 or over 70 years of age [16].
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Glasgow coma scale has been the go to scale 
for assessing overall neurological status of head- 
injured patients since its inception by Jennett 
and Teasdale in 1974 [17]. Although the entire 
15-point scale has been validated, the motor 
component of the scale (6 levels) has higher sen-
sitivity for predicting mortality and encapsulates 
the entire prognostic power of this scale [18]. The 
GCS is also used for grading the severity of head 
injury, with the stratification having prognostic 
significance for mortality. GCS range of 13–15 
is termed mild (mortality 0.1%), 9–12 is termed 
moderate (mortality 10%), and <9 is severe (40%) 
[19]. Patients with GCS  ≤  8 should undergo 
endotracheal intubation for airway protection.

Pupillary examination provides informa-
tion about status of transtentorial herniation and 
should be obtained after the patient has been hae-
modynamically stabilized. Pupillary asymmetry 
is defined as >1 mm difference in diameter and 
“fixed” pupil is defined by <1  mm change in 
diameter after stimulus of bright light [10].

Examination of cervical spine is an important 
step which reveals the need for obtaining a lateral 
cervical spine radiograph to document the pres-
ence of any injury. If present, it would necessitate 
the use of stabilization techniques (hard collar) 
until definitive treatment. This step is guided 
by either of two sets of criteria—the Canadian 
C-spine rule (Fig. 19.1) and the NEXUS criteria 

Any High Risk Factor That Mandates
Radiography?

• Age > 65 Years
 OR
• Dangerous Mechanism*
 OR
• Paresthesias In Extremities

Any Low Risk Factor Which Allows Safe
Assessment Of Range Of Motion?

• Simple Rear End Motor Vehicle Collision**
 OR
• Sitting Position in Emergency Department
 OR
• Ambulatory at Any Time
 OR
• Delayed Onset of Neck Pain***
 OR
• Absence of Midline C-spine Tenderness

*Dangerous Mechanism:
• Fall From 21 Meter/5 Stairs
• Axial Load to Head, eg, Diving
• MVC High Speed (>100 km/hr), Rollover,

Ejection
• Motorized Recreational Vehicles
• Bicycle Collision

***Delayed:
• Not Immediate Onset of Neck
 Pain

**Simple Rear-end MVC
Excludes:
• Pushed Into Oncoming Traffic
• Hit by Bus/Large Truck
• Rollover
• Hit by High-Speed Vehicle

Able to Actively Rotate Neck?

45º Left and Right

Yes

Able

Una
bl

e

No Radiography

Radiography
No

YesNo

For Alert (Glasgow Coma Scale Score = 15)
and Stable Trauma Patients Where

Cervical Spine (C-Spine) Injury is a Concern

Fig. 19.1 The Canadian 
C-Spine rule algorithm 
[21]
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[20, 21]. Canadian C-spine rule has been found to 
be superior to NEXUS criteria [22].

Question 3:
What information can be obtained from an NCCT 
scan of the brain in a head injury patient?

Answer:
National Institute for Health and Care Excellence 
(NICE) has provided criteria for obtaining brain 
CT scan of head-injured patients as part of 
early management. If the patient has GCS ≤13 
at any point, <15 after 2 h of injury, any sign of 
depressed fracture or skull base fracture, focal 
neurological deficit or seizure, or more than 
one episode of vomiting, an NCCT should be 
obtained [23]. NCCT is the imaging modality of 
choice for early management due to its ubiquity, 
low cost, and rapid acquisition times.

A subdural haematoma on an NCCT appears 
as a hyperdense layer of clotted blood, spread 
in a concavo-convex fashion over the surface of 
the brain. It can be readily distinguished from an 
extradural haematoma (EDH) due to its shape 
(EDH is lens shaped) and because it is not limited 
by skull suture lines (EDH stays within suture 
lines due to attachment of dura). An NCCT also 
gives information regarding skull fracture, under-
lying contusions, mass effect of haematoma and 
ischaemia of surrounding brain structures, vol-
ume of the haematoma, state of basal cisterns/
transtentorial herniation, and midline shift. The 
state of basal cisterns, midline shift (MLS), and 
the presence of subarachnoid haemorrhage in 
basal cisterns are predictive of outcome [24].

Important notes:
 1. Method of calculating midline shift (MLS): 

MLS should be determined at the level of the 
foramen of Monro. First a line is drawn across 
the septum pellucidum from ipsilateral skull 
to contralateral (M). Then, the distance from 
the bone of the contralateral side to the sep-
tum pellucidum is measured (S). The MLS is 
measured by calculating (M/2)  −  S [24] 
(Fig. 19.2).

 2. Determining status of basal cisterns: 
Basal cisterns comprise of pockets of cere-

brospinal fluid (CSF) surrounding the mid-
brain. For prognostication purpose using 
CT scan, they may be viewed as three limbs 
(one posterior—C and two lateral—A, B) 
(Fig. 19.3). They are classified as open (all 
cisterns patent), partially closed (one or two 
are obliterated) and closed (all cisterns 
obliterated). The obliteration happens as a 
consequence of increased ICP which results 
in squeezing of the CSF out of cranial cav-
ity. Status of cisterns is correlated with out-
come [24].

 3. Calculation of volume of SDH: This may be 
accomplished automatically using volumetric 

Septum Pellucidum
SDH

Ipsilateral

M

S

Contralateral

MLS = M/2 - S

Fig. 19.2 Representative diagram showing calculation of 
midline shift (MLS)

Midbrain

T T

B

C

A

Fig. 19.3 Representative diagram showing basal cisterns 
around the midbrain. T—temporal lobe, A, B, 
C—cisterns
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measurement in the imaging software, or 
manually using the ellipsoid method. The 
ellipsoid method entails measurement of three 
representative diameters of the SDH (A, B, 
and C) along the Cartesian coordinates and 
applying them to the formula—Vol-
ume = 4/3π(A/2)(B/2)(C/2).

First, find the CT scan slice with the largest 
area of the SDH (Slice L). “A” represents the 
largest diameter of the SDH on this slice. “B” 
is the diameter of the SDH 90° to “A”. The 
trauma CT scan usually has 10  mm spacing 
between slices. For “C”, count the number of 
slices which have the SDH in them. If the vol-
ume of SDH is >75% relative to slice L, count 
it as 1. If volume of SDH is 25–75% of slice L, 
count it as 0.5. If <25%, do not count the slice. 
Add up the slice counts to get “C”.

The same method can be applied to EDH 
volume measurements also, where volume is 
more relevant.

For SDH, thickness >10 mm on any slice 
or MLS >5 mm determines the need for sur-
gical evacuation regardless of the patient’s 
GCS [24].

Question 4:
What are options of surgical treatment of SDH?

Answer:
Before discussing treatment options, we discuss 
the pathophysiology of SDH and its correlation 
with prognosis and treatment strategies. SDH is 
caused when the primary traumatic impact on the 
skull causes rupture of bridging veins between 
the dura and the capillaries on the surface of 
brain parenchyma. Other sources of bleeding in 
SDH are due to damage to cortical vessels and 
bleeding from the underlying parenchyma.

However, unlike an isolated EDH, the mor-
bidity of SDH is not only due to its volume but 
also a mass effect on the brain parenchyma. 
Often SDH is only the epiphenomenon, with the 
prognosis being dictated by other factors such as 
coexisting parenchymal haematomas and diffuse 
oedema [4]. SDH is sometimes associated with 
transmission of the impact force across the brain, 
such that the brain experiences a shearing force. 

Usually, this shearing force is perpendicular to 
the axis of the brainstem, which along with white 
matter tracts act as an anchor for the grey mat-
ter. This shearing force has the potential to cause 
disruption of grey-white matter junctions, which 
leads to micro-haemorrhages at these interfaces 
and portends a poor outcome. This sort of brain 
injury is known as diffuse axonal injury and may 
occur as an accompaniment to SDH with poor 
GCS [25, 26].

Coup and contrecoup lesions: SDH present at 
the site of trauma is known as a “coup” lesion, 
while a lesion on the opposite site of impact is 
known as “contrecoup” injury. The presence of an 
isolated contrecoup injury or both coup and con-
trecoup injuries portend a poorer outcome in terms 
of mortality and neurological morbidity. This may 
be due to the underlying pathophysiology. 
Contrecoup injury is caused by continuance of the 
primary shockwave of the trauma across the brain 
parenchyma, leading to more damage across the 
parenchyma and at the contralateral surface [27].

Indications for surgery: Treatment options of 
acute SDH are either surgical or non-surgical. 
Surgical treatment of SDH is recommended 
when [24]:

 1. CT scan imaging shows maximum thickness 
of SDH >10 mm on any slice or MLS >5 mm, 
irrespective of patient’s neurological status.

 2. If patient has GCS <9 and CT criteria are not 
met but:
 (a) Deterioration of GCS between times of 

injury to hospital admission by >2 points.
 (b) Pupils asymmetric or fixed and dilated.
 (c) ICP >20 mmHg.

Timing of surgery: The BTF surgical guidelines 
suggest that surgery should be conducted as soon 
as possible [24]. However, most studies have 
failed to show a correlation between time duration 
between injury and surgery, and outcome. As 
noted above, this may be due to better resuscita-
tion in cases operated late, or it may be due to an 
inherent bias of poorer grade patients being oper-
ated earlier than better grade patients [4].

19 Management of Patient with Traumatic Brain Injury: SDH



250

Surgical procedure: Type of surgical procedure 
had not been rigorously studied till recently. The 
BTF guidelines suggest that the procedure should 
include craniotomy with or without bone flap 
removal and lax duroplasty [24]. Decompressive 
craniectomy versus medical management has 
been studied in the context of severe head injury 
in two recent trials. The DECRA trial randomized 
diffuse injury patients to undergo either bifron-
tal decompressive craniectomy or standard care 
and found greater risk of unfavourable outcome 
in craniectomy group with an odds ratio of 2.21 
(95% CL 1.14–4.26) [28]. This study has been 
heavily criticized for its restricted patient popu-
lation (diffuse injury), choice of poorly effec-
tive craniectomy technique, and larger number 
of poorer grade patients (bilaterally non-reactive 
pupils) in the craniectomy group [29]. The sec-
ond trial (RESCUEicp) addressed many of these 
limitations with the inclusion of a broad group 
of TBI patients with refractory elevated ICP 
(>25 mmHg) and subjecting them to either uni-
lateral hemicraniectomy/bifrontal craniectomy, or 
medical management for ICP control. The surgical 
group had lower incidence of mortality but higher 
incidence of vegetative states and neurological  
morbidity [30].

Overall, the choice of surgery depends on hos-
pital policy, surgeon’s expertise, radiological and 
clinical findings, availability of operation theatre, 
and degree of intraoperative brain swelling [4].

Rationale behind surgical treatment: Any 
therapy for acute SDH follows an ICP reduction 
policy. High ICP has potential of causing trans-
tentorial herniation and also cerebral ischaemia. 
Thus, ICP measurement has a crucial role in plan-
ning treatment. The third edition of BTF guide-
lines had given succinct instructions regarding 
when to place an EVD for ICP measurement. 
They recommended ICP monitoring for any sal-
vageable patient of severe TBI with abnormal CT 
scan findings. If CT scan was normal, monitoring 
was recommended in patients with age >40 years, 
unilateral or bilateral motor posturing, or SBP 
<90 mmHg [31]. The current edition of guidelines 
dilutes it down to a general recommendation 

favouring the use of ICP monitoring for mortality 
reduction and revised the threshold of ICP for 
treatment to >22 mmHg [16].

Question 5:
What are the concerns during haemodynamic 
management in a patient of SDH?

Answer:
The medical management of any TBI patient may 
be viewed as an ongoing campaign to limit the 
impact of any secondary injuries to the brain. 
The campaign starts during transport, continues 
in the ED, perioperatively, and into the postop-
erative period. The role anaesthesiologist usually 
begins from the time of resuscitation and contin-
ues until discharge from the hospital. Most of the 
topics discussed in this section are not specific to 
SDH, but to TBI as a whole. Wherever any SDH-
specific aspect is present, it shall be described 
separately.

The BTF guidelines cover topics of crucial 
decisions that need to be taken during the course 
of treatment, but only provide a broad overview of 
specific aspects. The care of the individual patient 
is based on the patient’s clinical profile, hospital 
resources available, and the clinician’s expertise.

Haemodynamic resuscitation: The thresholds 
for treatment of haemodynamic alterations have 
already been discussed above. The treatment 
may be divided into fluid-based resuscitation 
and the use of vasopressors/inotropes, with the 
final aim of provision of adequate circulatory 
volume for sufficient delivery of oxygen to vital 
organs.

Fluid resuscitation: Aims of fluid administra-
tion include normal volume maintenance, recu-
perating lost volume in the form of blood loss and 
apparent third space loss. Compared to a non- 
head- injured patient, fluid management in these 
cases requires extra care to maintain serum 
osmolarity to prevent exacerbating cerebral 
oedema. The amount of fluid infused for mainte-
nance should stay in the empiric zone between 
forced hypovolaemia and volume overload.
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Crystalloids are the mainstay of fluid resusci-
tation in the perioperative period. Hypotonic flu-
ids such as 0.45% NS or 5% dextrose solutions 
are avoided. Some clinicians recommend avoid-
ance of Ringer’s lactate which is mildly hypo-
tonic relative to human plasma [32]. Iso-osmolar 
solutions such as 0.9% NS or balanced salt solu-
tions are preferred. Hypertonic crystalloids such 
as 20% mannitol or 3% hypertonic saline (HS) 
are used primarily as hyperosmolar agents for 
reduction of cerebral oedema although they pro-
duce transient (mannitol) or prolonged (HS) vol-
ume expansion.

Colloids are used primarily as volume 
expanders when crystalloids prove ineffective. 
In scenarios of reduced blood oncotic pressure 
(haemorrhage with crystalloid only replacement), 
crystalloids fail to stay within the intravascular 
space and “leak out” into the interstitium. The 
ideal therapy in such scenarios would be blood 
replacement. If, due to logistical problems blood 
products are not available readily, colloids may 
be used as a bridge therapy. Colloids are not used 
as standard volume replacement due to their pro-
pensity to impair coagulation and precipitate kid-
ney injury [33]. Credibility of safety of colloidal 
starch solutions diminished considerably when 
long-term research fraud was detected within the 
subtopic of crystalloid versus colloid safety [34]. 
Albumin has also been shown to have adverse 
effect on survival in TBI patients compared to 
crystalloids [35].

Vasopressors/Inotropes: There is paucity of 
credible research which can guide the choice of 
vasopressors in haemodynamic resuscitation of 
TBI patients. Observational studies have shown 
worse outcomes with their use, but are prone to 
high selection bias [36]. Phenylephrine, nor-
adrenaline, and dopamine are all used commonly 
in this context. Based on expected pharmacody-
namic effects, phenylephrine is associated with 
lower heart rates compared to the others [37]. 
The effects of vasoactive agents on an injured 
brain need to be further studied to provide con-
clusive evidence of relative efficacy and safety of 
these drugs.

Question 6:
What are the concerns during airway manage-
ment in a patient of SDH?

Answer:
Pulmonary resuscitation in TBI cases is both 
necessary and potentially dangerous. The usual 
guideline is to perform endotracheal intubation 
in a patient if GCS is scored less than 9 [10]. It 
is assumed that these patients do not have con-
trol over their airway, and there is risk of pulmo-
nary aspiration of gastric contents if the patient 
vomits due to raised ICP. The risk in intubation 
lies in iatrogenic damage to the cervical spine if 
the patient sustains an unobserved cervical spine 
injury, and potential systemic and cerebral hae-
modynamic changes due to the procedure itself 
or the drugs administered during the procedure.

Rapid sequence intubation (RSI): RSI is rec-
ommended with concomitant administration of 
drugs to reduce ICP surges [38]. The BTF pre-
hospital guidelines do not recommend routine 
use of paralytic agents for endotracheal intuba-
tion during transport [10]. In the ED, the clinician 
needs to make empirical decisions regarding 
choice of drugs to facilitate intubation. Using 
only muscle relaxants as adjuncts to intubation is 
discouraged as the laryngoscopy produces an 
independent haemodynamic response leading to 
spiking of ICP [39]. Commonly used drugs 
include lignocaine (weak evidence),  fentanyl/
remifentanyl, etomidate, propofol, and esmolol. 
Ketamine is a controversial drug in this aspect 
due to its ICP increasing properties. However, 
recent evidence shows no difference in ICP 
changes, or outcomes when compared with 
etomidate [40, 41]. Thus, ketamine may be pre-
ferred for sedation in RSI if the patients are hae-
modynamically unstable.

Cervical spine concerns: Importance of cervi-
cal spine screening has already been discussed in 
the setting of the ED. However, prehospital resus-
citation may require laryngoscopy before an 
X-ray can be obtained. Manual inline stabiliza-
tion of the spine is recommended in such cases 

19 Management of Patient with Traumatic Brain Injury: SDH



252

[42]. While pre-intubation airway management 
techniques of chin lift, jaw thrust, and mask ven-
tilation have been shown to increase cervical 
instability and cause narrowing of cord space, 
cricoid pressure during RSI has been found to be 
a safe manoeuvre [43, 44].

19.2 Intraoperative

Question 7:
Which anaesthetic technique would you prefer 
while conducting a case of SDH?

Answer:
Most aspects of medical management of TBI 
patients are covered in the BTF guidelines, and the 
principles stay the same during all parts of man-
agement, whether in the ED, operation theatre or 
the intensive care unit. However, in the intraop-
erative period an added intervention is the use of 
anaesthetic agents which have significant phar-
macodynamic influences on neurophysiology.

Based on pharmacodynamics, the use of 
inhalational agents leads to reduced cerebral 
metabolic rate (CMR) with concomitant decou-
pling of metabolism and blood flow (CBF) due 
to direct cerebral vasodilation. At >1 MAC con-
centrations, vasodilation supersedes CBF reduc-
tion due to CMR drop and overall CBF increases. 
Intravenous agents are associated with a steady 
drop in CBF as the CMR decreases. In addition, 
in the background of cerebral metabolic sup-
pression (as in early stages of TBI), the CMR 
reduction of inhalational agents is less promi-
nent and CBF augmentation much more [45]. 
Theoretically, intravenous agents should be pre-
ferred in cases of reduced cerebral compliance; 
however, studies have failed to show difference 
in outcomes between the two classes of agents 
[46, 47]. The BTF guidelines do not provide any 
recommendations on this subtopic, and there 
are few studies in this context. Thus, the initial 
choice of agents is empirical-based on anaesthe-
siologist’s judgement or hospital policy. If brain 
is seen to be bulging or ICP is high intraopera-
tively with inhalational agents, it is prudent to 
shift to intravenous anaesthetic agents (propofol) 
for maintenance.

Nitrous oxide (N2O) is known to increase 
CMR, CBF, cerebral blood volume, and ICP 
mildly although the effects are offset with con-
comitant hypocapnia [48]. There are no formal 
studies evaluating the effect of N2O on outcome 
in TBI patients. It is safer to err on the side of cau-
tion and avoid it as an adjunct anaesthetic in TBI.

Question 8:
What are blood transfusion targets in a patient of 
SDH?

Answer:
Going with the tenet of reducing secondary 
injury to the brain in TBI patients, oxygen deliv-
ery to the brain is an important consideration. 
Traditionally, neurosurgical patients have been 
transfused with target haemoglobin (Hb) level 
of 10  g/dL.  Recently, restrictive transfusion 
practices (target Hb >7  g/dL) have become the 
norm due to the realization that liberal transfu-
sion strategies are unnecessary and concern 
regarding adverse effects of blood transfusion. 
The Hb threshold for transfusion in trauma var-
ies between countries and different consensus 
guidelines although all are between 7 and 9  g/
dL. There is no specific threshold described for 
TBI. The BTF guidelines do not hold a recom-
mendation for this subtopic [49].

Although it is reasonable to presume higher 
metabolic activity and oxygen requirement in 
an injured brain, there are currently no stud-
ies powerful enough to demonstrate that effect. 
The presumed association between anaemia 
and poor outcomes has not been demonstrated 
consistently. Moreover, blood transfusion has 
also not been consistently tied to poor out-
comes [49].

Meta-analysis has revealed no difference in 
mortality between patients transfused and those 
that were not [50]. A multicenter cohort study 
from Canadian trauma centres showed higher 
mortality among those who were transfused [51]. 
The pertinent question is whether the transfu-
sion is cause of higher mortality or effect of the 
pathology which caused the mortality. Due to 
high heterogeneity in patient population, such 
questions can only be answered by well-designed 
and controlled studies.
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Question 9:
How would you plan mechanical ventilation in 
patients with SDH in an intensive care unit?

Answer:
TBI patients have multiple pathophysiologic 
processes which are exquisitely sensitive to ven-
tilation strategies. Hypoxia, hypocapnia, and 
hypercapnia can have deleterious effects on out-
come in these patients.

Hypocapnia: Hypocapnia is a known cerebral 
vasoconstrictor and may lead to cerebral ischaemia, 
especially in the first 24 h period following TBI. It 
has been shown that the ICP reducing effect of 
hyperventilation may be limited, and aiming for 
higher levels of hypocapnia may reduce cerebral 
blood flow with no change in ICP.  In one study, 
hypocapnia led to reduction of cerebral blood vol-
ume by only 7%, while the cerebral blood flow 
reduced by 30% [52]. Overall, the recommenda-
tion is to avoid hyperventilation in the said time 
period in the third edition of BTF guidelines [53]. 
The fourth edition carries another recommendation 
which is to avoid prolonged prophylactic hyper-
ventilation with PaCO2 ≤25 mmHg [16].

Hypercapnia: Hypercapnia is known to cause 
cerebral vasodilation, increased cerebral blood 
flow and increase in ICP.  In TBI, hypercapnia is 
usually observed in the pre-hospital setting due to 
airway obstruction or respiratory failure, wherein 
hyperventilation may be instituted carefully under 
arterial blood gas monitoring to avoid hypocapnia.

Hyperoxia: Normobaric hyperoxia is one of the 
relatively new therapies aimed at improving out-
comes in patients of TBI. Earlier studies focussed on 
hyperbaric oxygen therapy, which was found to be 
effective in modulating ICP and improving neuroin-
flammation, reducing cortical spreading depression 
and improving aerobic metabolism in the injured 
brain, when administered early (at least <48 h after 
head injury) and for prolonged periods (at least 6 h) 
[54]. However, the procedure is technically cumber-
some and unlikely to be included in clinical practice.

Normobaric hyperoxia entails increasing 
fraction of inspired oxygen concentration (FiO2 

40–100%) at atmospheric pressure. It provides 
similar promising results when tested using 
microdialysis techniques. Brain tissue oxygen 
concentrations are increased and lactate-based 
indices reduced with prolonged hyperoxia [54]. 
Concerns regarding lung injury may be mitigated 
with the use of lower concentrations (FiO2 60%) 
[55]. This technique requires more comprehen-
sive studies to prove improvement in long-term 
outcomes before it can be included in clinical 
practice. There is no comment on this technique 
in the current BTF guidelines [16].

Ventilatory parameters: The use of lung pro-
tective strategies has been proven to be beneficial 
for outcomes in general ICU population and 
patients with acute respiratory distress syndrome 
(ARDS). These strategies include application of 
low tidal volume (Vt 6–8 mL/kg) and high positive 
end expiratory pressures (PEEP 6–8  cm H2O). 
Concerns of hypercapnia with low tidal volume 
ventilation and consequent increase of ICP can be 
easily ameliorated with frequent PaCO2 monitor-
ing using arterial blood gas analysis and ventila-
tory adjustment. PEEP has been shown to have 
statistically significant but clinically insignificant 
effect on ICP (1  cm H2O increase causing 
0.31  mmHg increase) and CPP (0.85  mmHg 
decrease), and thus can be safely used [56].

Retrospective and prospective cohort studies 
have shown improvement in ventilator-free days 
and mortality in TBI patients with the use of lung 
protective ventilation strategies [57, 58].

19.3 Postoperative

Extubation strategies: Extubation of mechani-
cally ventilated patients in the ICU is a conten-
tious issue which is usually driven based on 
empirical clinical judgement of the treating phy-
sician. Relying on improvement of neurological 
outcome often delays extubation and is not nec-
essarily associated with successful extubation 
and may lead to increased incidence of nosoco-
mial pneumonia and length of ICU/hospital stay 
[59]. Multiple authors have described factors sig-
nificantly associated with successful extubation 
in TBI patients [60–63]:
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 (a) Age <40 years old/younger age
 (b) Visual pursuit
 (c) Attempts to swallow
 (d) GCS >10 on the day of extubation
 (e) Preserved upper airway reflexes
 (f) Negative fluid balance
 (g) Presence of cough
 (h) Secretion volume
 (i) Duration of mechanical ventilation

Tracheostomy: Few comatose patients of 
severe head injury need to undergo tracheos-
tomy for prolonged mechanical ventilation. 
The controversial aspect surfaces with decision 
of early tracheostomy (≤8  days) in patients 
who may or may not recover quickly. One large 
retrospective study found no change in mortal-
ity but reduction in mechanical ventilation 
duration, length of hospital stay, incidence of 
pneumonia, and deep venous thrombosis [64]. 
The guideline in the latest BTF statement was 
developed from two randomized controlled tri-
als and stated that early tracheostomy was rec-
ommended when overall risk was perceived to 
be less than the benefit [16]. Eventually, it is an 
open-ended decision in favour of clinicians 
who favour an early tracheostomy.

Question 10:
What are broad treatment philosophies in TBI?—
Discuss Rosner’s and Lund’s concept.

Answer:
ICP control is the corner stone of TBI manage-
ment philosophy. Treatment philosophies in TBI 
patients may be broadly classified into ICP based, 
CPP based and cerebral volume based.

Rosner’s protocol: CPP-based therapy was 
proposed by Rosner and included systemic vol-
ume expansion and the use of vasopressors to 
improve arterial blood pressures, and CSF drain-
age and mannitol for reduction of ICP. Overall, 
the goal was to maintain CPP above 70 mmHg 
[65]. Although encouraging results were pub-
lished from single centres, this philosophy of 
therapy has come under fire due to 5  times 
increased risk of ARDS with induced hyperten-

sion [66]. Physiologically, the lack of optimal 
autoregulation in TBI patients may lead to exac-
erbation of cerebral oedema if high CPP is main-
tained. Based on these concerns, the third edition 
of BTF guidelines recommended avoidance of 
aggressive attempts to elevate CPP >70  mmHg 
and maintenance of CPP between a range of 50 
and 70  mmHg [15]. Current BTF recommends 
maintenance of CPP within range of 
60–70 mmHg, and also cautions that the optimal 
CPP may depend on the patient’s autoregulatory 
status [16].

Optimal CPP concept: The issue of individu-
alized optimal CPP target for a patient has come 
up due to the varied levels of autoregulatory 
impairments in patients of TBI.  This concept 
has been facilitated by derivation of novel indi-
ces from the ICP waveform by correlating 30 s 
long sequences of the 10  s averaged ICP and 
MAP.  This index is called pressure reactivity 
index or PRx. PRx is an index of autoregulation 
and ranges from −1 to 1. Patients with impaired 
autoregulation have positive values of PRx and 
those with preserved autoregulation have zero 
or less [67] (Fig. 19.4). Plotting the PRx and the 
CPP over time provides a picture of change in 
autoregulation with different levels of CPP and 
usually forms a U-shaped plot. This plot depicts 
high PRx at either ends of the CPP spectrum, 
with low CPP causing loss of pressure head 
leading to tandem reduction of AMP and MAP, 
and high CPP causing pressure- induced dilation 
of arterioles and tandem increase in AMP with 
MAP. The trough of the plot with lowest values 
of PRx represents the optimal CPP for that 
patient [68] (Fig. 19.5).

Lund’s protocol: The Lund concept originated 
in Lund University, Sweden, as a relatively strict 
and holistic protocol for management of head- 
injured patients. The concept targeted a cerebral 
“volume”-based approach, with the baseline 
assumptions that the blood–brain barrier is dis-
rupted and autoregulation impaired after TBI. The 
foundation of this concept was prevention of brain 
oedema by reduction of transcapillary hydrostatic 
and osmotic gradients which could potentially 
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increase oedema. The protocol targets the sys-
temic circulation by using metoprolol and cloni-
dine for reduction of hydrostatic pressure, 
thiopentone, and analgesics for reduction of stress 
response and catecholamine levels, dihydroergota-
mine for reducing cerebral venous volume, and 
albumin and red blood cell transfusion for increas-
ing colloidal oncotic pressure of blood and improv-
ing oxygenation. The protocol avoids using 
osmotherapy (mannitol and HS) and vasopressors. 
The protocol allows for CPP levels up to 50 mmHg 
in adults and 40 mmHg in children [69].

This approach has been criticized at multiple 
levels (its assumptions, choice of agents, lib-

eral use of blood transfusion, acceptance of low 
CPP) and has not been used or studied outside 
Sweden [70].

Question 11:
What steps can be taken for ICP control in 
patients of SDH?

Answer:
The question of whether and how to monitor 
ICP, and the thresholds for instituting treatment 
for it have been detailed in Answer 4. EVD are 
the gold standard for ICP monitoring due to their 
therapeutic potential. If ICP is observed to be 
high, CSF drainage can be done. Some centres 
prefer to place intraparenchymal probes for ICP 
measurement which are based on strain gauge 
microtransducer (Codman™) at the tip, fiberop-
tic microtransducer (Camino™), or pneumatic 
type (Spiegelberg™). However, these transduc-
ers suffer from the phenomenon of zero drift 
to varying degrees and thus ICP measurement 
becomes unreliable after 2–3  days [71]. EVD-
based modality can be zeroed at level of foramen 
of Monro whenever required and thus is more 
reliable.

Is ICP monitoring useful? Utility of ICP moni-
toring has been questioned from time to time, and 
to date there is only one randomized controlled 
trial which addresses this concern. The trial 
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revealed no added benefit of ICP monitoring in 
improving outcomes in TBI patients [72]. The 
problem with such research questions is that 
while a monitoring modality may be useful in 
gathering information about the ICP status of the 
patient, it is the treatment the clinician institutes 
based on the information that leads to improved 
outcomes. There is also an ethical concern with 
observing values of high ICP in a patient and 
keeping the treating physician blinded to it 
(which an RCT would entail). Due to this, it is 
unlikely that such an RCT would ever be per-
formed in the future, and the general consensus 
of utility of ICP monitoring is in its favour, as 
outlined in the BTF guidelines [16].

Three-tier therapy for ICP control: The 
American College of Surgeons Trauma Quality 
Improvement Program (ACS TQIP) guidelines 
for TBI management provide a good overview of 
a three-tier approach for treatment of raised ICP, 
based on the ICP level and response to the treat-
ment provided [73] (Table 19.1).

The tier 1 therapies include improvement of 
position-induced cerebral venous drainage, reduc-
tion of systemic sympathetic stress response via 
sedatives and analgesics, and intermittent CSF 
drainage via EVD. 30° head-up position is a stan-
dard position of patients in ICU, and the impor-
tance of this is the need to zero the ICP transducer 
at the level of foramen of Monro (landmark—
tragus). The topic of sedatives and analgesics is 
covered in BTF guidelines but only in the con-
text of tier 3 therapy of high dose  barbiturates for 
control of refractory ICP. Propofol has also been 
recommended with the added caution that high 
dose can contribute to morbidity (propofol infu-
sion syndrome). Prophylactic high dose barbitu-
rates are not recommended (to be used only at 
tier 3 stage) [16]. In the context of CSF drainage, 
the BTF recommends the use of continuous CSF 
drainage to reduce ICP more effectively than 
intermittent drainage [16]. The problem with this 
approach is that ICP monitoring with continuous 
drainage produces erroneous ICP values if done 
via the same EVD, and thus requires a separate 
dedicated catheter or microtransducer device to 
be inserted.

Tier 2 therapies are concentrated on hyper-
osmolar agents, ventilation therapy, and neuro-
muscular paralysis. Hyperosmolar therapy is a 
standard ICP reduction technique which has stood 
the test of time. The standard drugs used for this 
purpose are mannitol (as bolus of 0.25–1  g/kg) 
and hypertonic saline (HS—as bolus of 250 mL of 
3% saline; or equivalent volume of varying con-
centrations). There are many differences between 
the two agents, with HS having certain advantages 
(higher reflection coefficient, better maintenance 
of intravascular volume, no sequestration in brain 
tissue). Meta-analyses of studies comparing the 
two agents show HS to have an advantage of better 
control of ICP and improved brain relaxation, but 
no statement could be made about long-term out-
comes [74–76]. The BTF makes a generic state-
ment of probable benefit of hyperosmolar therapy 
in reducing ICP but does not specify the preferred 
agent [16]. Ventilation therapy and PaCO2 goals in 
TBI have already been discussed in Answer 9.

Neuromuscular blocking agents either as bolus 
or continuous infusion are used infrequently 
for control of ICP in TBI patients. Advantages 

Table 19.1 Three-tier approach for treatment of high 
ICP in TBI patients—based on ACS TQIP guidelines [80]

Tier 1
Head of bed elevation (30°)
Sedation and analgesia (propofol, fentanyl, 
midazolam)
Intermittent ventricular drainage
Repeat CT imaging and neurological examination
Tier 2
Intermittent hyperosmolar therapy (Mannitol 0.25–1 g/
kg; 3% HS 250 mL over 30 min)
Cerebral autoregulation testing to determine optimal 
CPP
PaCO2 goal of 30–35 mmHg
Repeat CT imaging and neurological examination
Neuromuscular paralysis may be tested and continued 
if ICP improves
Tier 3
Decompressive craniectomy
Neuromuscular paralysis continued if ICP improves 
with test dose
Barbiturate or propofol infusion if patient responds to 
test dose—maintain blood pressure, EEG may be 
monitored
Hypothermia only as rescue or “salvage” therapy (not 
recommended by current guidelines)
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include reduction in febrile shivering, reduced 
movement, and ICP surges during tracheal suc-
tioning and reduced metabolic requirements 
(energy expenditure). Disadvantages are related 
to long-term or continuous infusions and include 
masking of seizure activity, polyneuropathy, 
and delayed weaning/rehabilitation [77]. There 
is no consensus on their usage, and it is left to 
the clinician’s empirical judgement. The BTF 
does not include this subtopic in their list of 
recommendations.

Tier 3 therapies include salvage therapies 
which are used only if ICP is not controlled 
by tier 1 and 2 methods. Of these, decompres-
sive craniectomy has already been dealt with 
in Answer 4. Barbiturate or propofol-induced 
coma has been recommended by BTF for con-
trolling refractory ICP, but this therapy comes 
with caveats. Haemodynamic suppression needs 
to be controlled with adequate volume resuscita-
tion and vasopressors therapy. There is also high 
incidence of hypothermia due to global vasodila-
tion which needs to be corrected. The therapy is 
associated with full or partial control of ICP in 
approximately 30–50% of patients across stud-
ies, but is not associated with improvement in 
long-term outcomes. Patients who respond to 
barbiturate therapy have better outcomes com-
pared to non-responders [78, 79].

Question 12:
Is prophylactic hypothermia useful as a neuro-
protective strategy in a patient of SDH?

Answer:
Hypothermia as a neuroprotectant was a con-
troversial therapeutic modality until recently. 
Theoretically, it helps to reduce the basal meta-
bolic rate, oxygen and energy consumption in 
the brain as well as reduce concentrations of 
excitatory neurotransmitters. This view was sup-
ported by studies finding improved neurological 
outcome with hypothermia therapy following 
resuscitation from cardiac arrest [81]. It had also 
been shown to be useful in reducing ICP in small 
studies [82].

Thereafter, multiple large-scale studies have 
tried to provide credence to theoretical neuropro-

tective effect of hypothermia in TBI, but results 
have been noncommittal at best. Majority of 
work on hypothermia in TBI has been published 
by Clifton (NABIS-H trials), with progressive 
fine tuning of the study methodology in each 
iteration.

The first study used surface cooling which 
was initiated within 6 h of injury and target tem-
perature of 33 °C reached after an average 8 h, 
followed by maintenance till 48 h and then slow 
rewarming was initiated. The study did not find 
any difference in neurological outcomes with 
higher in-hospital complications [83].

This led to the second study wherein faster 
cooling methods (IV administration of chilled 
crystalloids) were used with the aim of achiev-
ing target temperature of 35 or 33 °C (based on 
pre- defined patient characteristics) by 4  h after 
injury. Again, no difference in outcomes was 
seen in comparison with normothermia group, 
and the trial was terminated due to futility [84]. 
In 2012, Clifton published a post hoc analysis 
of the previous two trials and found that reach-
ing target temperature of 35 °C within 1.5 h in 
patients of evacuated intracranial haematomas 
improved outcomes significantly [85]. The cur-
rent BTF guidelines provides a recommendation 
contraindicating prophylactic hypothermia as a 
therapy for improving outcomes in patients with 
diffuse axonal injury (severe grade TBI patients 
without intracranial haematoma) [16]. This how-
ever leaves a loophole for patients with intracra-
nial haematomas—whether to accept Clifton’s 
results or not.

Since then two trials have been published—
Eurotherm 3235 and POLAR RCT.  The 
Eurotherm trial allowed inclusion of patient up to 
10 days after the initial head injury, while POLAR 
RCT initiated hypothermia very early (median 
1.8 h), with target temperature of 32–35 °C for at 
least 48 h in Eurotherm and 33–35 °C for at least 
72 h in POLAR RCT. Both the trials reported no 
improvement in neurological outcome for the 
hypothermia arm [86, 87]. With good grade evi-
dence accumulating, it would be fair to surmise 
that prophylactic hypothermia is to be avoided 
as a therapeutic strategy for improvement of out-
comes in TBI.
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Question 13:
What is the role of steroids in treatment of a 
patient with SDH?

Answer:
Steroids are proven to be beneficial in reduc-
tion of vasogenic oedema in cases of intracranial 
tumours. This had led to exploration of steroids 
in the domain of TBI also. However, most of the 
modest sized trials either did not show any benefit 
of steroid therapy (dexamethasone, triamcinolone, 
and methylprednisolone) or the benefit was not 
convincing due to poor study design. The contro-
versy was put to rest by two prominent trials—
GUDHIS (German Ultrahigh Dexamethasone 
Head Injury Study) and CRASH (Corticosteroid 
Randomization After Significant Head Injury), 
which included 300 and 10,008 samples, respec-
tively. The former reported no difference in out-
come with or without the use of dexamethasone in 
moderate to severe head injury patients [88]. The 
latter study was stopped midway after an interim 
analysis revealed higher 2-week and 6-month 
mortality in the methylprednisolone arm [89]. This 
study prompted the third edition of BTF guidelines 
to issue a level 1 recommendation contraindicating 
the use of corticosteroids for improving outcome 
or reducing ICP [90]. The fourth edition carries 
forward the guideline with no changes [16].

This however should not be taken as a blanket 
rule regarding steroids in TBI.  Adrenal insuffi-
ciency (AI) is a known adverse effect of TBI with 
an incidence of approximately 25%. Clinically, 
it can be determined by the triad of hypoten-
sion, hyponatraemia, and hypoglycaemia. 
Hypotension due to AI often requires vasoactive 
agents for maintenance of haemodynamics [91]. 
This is one situation where empirical administra-
tion of stress dose steroids may be useful until a 
definitive assessment of hypothalamic-pituitary-
adrenal axis is conducted [92].

Question 14:
What are the options for brain monitoring in a 
patient of SDH?

Answer:
Neuromonitoring has advanced rapidly over the 
past few decades to cover almost all aspects of 

brain functioning. Functional, metabolic, oxy-
genation, blood flow, and pressure, all have 
been covered by some modality. This has led to 
a major shift in the philosophy of treatment—
from the average to the individual. The plethora 
of monitoring modalities has enabled the treat-
ing physician to tailor therapy according to the 
patient’s individual requirements. ICP monitor-
ing has already been discussed in Answer 10 
and 11.

 1. Electrical monitoring: Electroencephalogra-
phy (EEG) is a method of monitoring real- time 
electrical signals generated by summation of 
post-synaptic potentials in the dendrites of 
pyramidal cells of the cerebral cortex. In the 
context of TBI, EEG is used for monitoring of 
seizure activity and also for depth of functional 
suppression when a patient is administered 
barbiturate coma. Depth of suppression is 
measured using a time domain parameter 
called “burst suppression ratio”, which is the 
percentage of time duration during which the 
brain is in isoelectric state (no electrical 
activity). BSR of approximately 50% is usually 
targeted. Seizure activity may need to be 
monitored if the patient has experienced 
seizures during the hospital stay or if the 
patient is paralyzed for reducing ICP.

Another context in which EEG may be used 
is as a confirmatory tool for diagnosis of brain 
death in a patient with refractory intracranial 
hypertension. It is diagnosed by observation 
of isoelectric waves for 30 min, in a widely 
spaced (at least 8 cm) montage with amplifier 
sensitivity set at 2 μV/division [93]. Evoked 
potentials, specifically, somatosensory evoked 
potentials (SSEP) have also been used in this 
regard.

 2. Metabolic monitoring: This involves moni-
toring biochemical parameter concentra-
tions in the injured brain. Microdialysis has 
been in vogue in the research field since the 
1970s, for characterization of molecular 
milieu in extracellular fluid in animals. It 
has slowly progressed into the realm of clin-
ical neuromonitoring in 1990s and is usually 
used in combination with ICP monitoring 
and brain tissue oxygen monitoring. The 
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modality consists of a coaxial catheter with 
semipermeable membrane at the tip. 
Dialysate is passed through the catheter at a 
slow rate (0.3  μL/min), which equilibrates 
with extracellular fluid at the tip and is then 
either collected for analysis or analysed in 
real time. For clinical purposes, it is used to 
measure glucose, lactate, pyruvate, glycerol, 
and glutamate.

Glucose, lactate, pyruvate, and lactate-
to- pyruvate ratio (LPR) are used as mark-
ers for reduced energy substrate supply 
and mitochondrial dysfunction. Glutamate 
is a marker of excitotoxicity, which usu-
ally occurs as a consequence of cerebral 
ischaemia. Glycerol is a marker of cellular 
breakdown and is also associated with isch-
aemia/infarct [94].

A consensus statement regarding the use of 
microdialysis as a clinical and research tool 
was published in 2015. In context of SDH, 
recommendation was to place the catheter in 
radiographically normal part of the ipsilat-
eral brain. Threshold levels of metabolites for 
diagnosing “at risk” status of brain are:
 (a) Glucose- <0.2–0.8 mmol/L
 (b) Lactate ->0.4 mmol/L
 (c) LPR >25 and >40

More research needs to be conducted 
before definitive utility of this modality can be 
elucidated [95].

 3. Oxygenation monitoring: Oxygenation of 
the brain is the primary goal in any therapy in 
TBI. Monitoring of oxygenation can be done 
at global level and focal level. Global oxygen-
ation is monitored by jugular venous oxime-
try. Focal modalities include brain tissue 
oxygen monitoring (invasive) and near- 
infrared spectroscopy (NIRS)-based cerebral 
oximetry (non-invasive). A thorough discus-
sion of all these modalities is beyond the 
scope of this chapter, but a brief overview is 
provided.
 (a) Brain tissue oxygen monitoring: 

Includes a catheter with Clark’s elec-
trode at the tip for real-time monitoring 
of oxygen tension in a 1  cm diameter 
sphere around the probe. The interpreta-

tions of the brain tissue oxygen tension 
(PbtO2) need to be made based on loca-
tion of the probe (usually perilesional in 
case of haematoma). Threshold values of 
<15–20 mmHg herald the need for res-
cue intervention [94]. It was included in 
the third edition of BTF guidelines as an 
advanced neuromonitoring modality 
with threshold value of <15  mmHg for 
intervention [96]. In the fourth edition, it 
was excluded due to poor quality of evi-
dence [16].

 (b) Jugular venous oximetry: This is done 
using a catheter introduced into the domi-
nant internal jugular vein which is 
ascended cranially up to the jugular bulb. 
The catheter used may be a single channel 
central venous catheter through which 
blood can be drawn slowly (<2 mL/min) 
for blood gas analysis, or it can be a fiber-
optic equipped catheter which analyses 
blood oxygenation at the tip in real time. 
The rationale behind this modality is that 
the dominant jugular usually carries 70% 
blood from the ipsilateral lobe and 30% 
from the contralateral lobe and provides a 
global estimate of oxygenation. Values 
<50 to 55% herald a demand versus sup-
ply oxygen deficit. Interpretation of the 
value should be based on clinical scenario 
and always correlated in a demand versus 
supply manner [97].

This modality has been recommended 
in both third and fourth edition of BTF 
guidelines with threshold for intervention 
set at <50% [16, 96].

 (c) NIRS-based cerebral oximetry: This 
modality is based on reflectance spectros-
copy with light-emitting diodes placed on 
forehead and sensing optodes placed at 
4  cm distance. Near- infrared spectrum 
light (700–1000 nm wavelength) is emit-
ted and goes through skin, subcutaneous 
tissue, bone and takes a curved path 
through the superficial frontal lobe to 
reach the sensing optodes. It provides 
information about oxygen saturation in the 
blood within the frontal lobe  
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(maximum depth 2  cm). The blood is a 
mixture of arterial, capillary, and venous 
blood and hence the saturation ranges 
from 60 to 80%. Threshold for ischaemia 
is set at <50%; however, this level is arbi-
trary. It is more useful to focus on trends 
of change relative to baseline, rather than 
absolute values.

Although research has been conducted 
in the context of TBI, clinical utility is 
limited and the BTF does not endorse this 
monitoring modality [98].

 4. Blood flow monitoring: Cerebral blood flow 
(CBF) monitoring is a cumbersome process 
and not suitable for regular clinical use. In this 
regard, cerebral blood flow velocities in the 
major intracranial vessels (FV) may be used as 
a proxy for CBF measurements. Transcranial 
Doppler (TCD) provides a non-invasive and 
point-of-care modality for measurement of FV 
in real time.

In context of TBI, TCD along with Xe133 
clearance- based CBF estimation has been 
used to chart out pattern of CBF changes after 
TBI [99]:
 (a) In the initial 24 h following the injury, there 

is a reduction in CBF with maintenance of 
flow velocities—hypoperfusion phase.

 (b) 1–2 days post injury, there occurs a hyper-
aemic phase with an increase in both CBF 
and FV.

 (c) After day 4, there is the vasospastic 
phase, with reduction in CBF and contin-
ued increases in FV until 2  weeks post 
injury.

Other uses of TCD in head injury are [100]:
 1. Non-invasive estimation of ICP based on 

changes in pulsatility index.
 2. Detection of low CBF states (low mean 

FV and high pulsatility).
 3. Assessment of autoregulation and carbon 

dioxide reactivity.
BTF guidelines do not include any rec-

ommendation regarding TCD in either 
third or fourth editions.

Question 15:
How do you deal with seizures in a case of SDH?

Answer:
Post-traumatic seizures (PTS) can be classified 
as immediate (within minutes after head injury), 
early (within ≤1 week), and late (>1 week) [101]. 
Incidence of PTS varies widely with the demo-
graphic characteristics of the patients as well as 
type of head injury (4–53%) [102]. Immediate 
PTS are evident immediately and need to be 
dealt with as per hospital protocol for any seizure 
 episode. The uncertainty arises when prophylac-
tic measures need to be taken for prevention of 
early or late PTS.

Early PTS occurs more commonly in patients 
of younger age group, intracranial haematoma 
(especially SDH), high injury severity, and 
chronic alcoholism. Late PTS are more likely to 
happen in patients who experience early PTS, 
older age group (>65  years), high injury sever-
ity, and the presence of intracranial haematoma 
(SDH) and contusions [102].

In patients with severe TBI, the rate of clinical 
seizures is approximately 12%. The call for pro-
phylaxis is due to high occurrence rate of seizure 
after severe TBI.  However, phenytoin prophy-
laxis also leads to impairment in neuropsycho-
logical tests at 1 month although the effect is not 
apparent at 12 months.

PTS prophylaxis using phenytoin or valpro-
ate led to significant reduction in incidence of 
early PTS, while no difference was found for 
late PTS. This led to the BTF recommendation 
of using either phenytoin or valproate for pro-
phylaxis against early PTS but not late PTS. The 
choice of agent was kept equivocal, but one 
study showed a trend towards higher mortality in 
patients using valproate [16, 103, 104].

Levetiracetam is an upcoming drug for this 
purpose, but good quality studies are not avail-
able for providing any guidelines.

Conclusion: TBI is a vast multifaceted topic 
which holds many unanswered questions for the 
practising neurophysician. A lot has been done, 
and a lot more needs to be done. Covering the 
entirety of subject is impossible in a single chap-
ter, and the interested reader is referred to niche 
reviews which cover each of the subtopics in 
detail.
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Multiple Choice Questions
 1. Which of the following brain oxygenation 

monitoring modalities is recommended in the 
fourth edition of BTF guidelines?
 (a) Brain tissue oxygen monitoring.
 (b) NIRS-based cerebral oximetry.
 (c) Jugular venous oximetry.
 (d) Microdialysis.
Answer: c

 2. Is prophylactic hypothermia useful for 
improving outcomes in severe head injury?
 (a) If initiated early (<2.5  h), it improves 

outcomes.
 (b) If target temperature (<32 °C) is achieved, 

it improves outcomes.
 (c) If target temperature is maintained for 

48 h, it improves outcomes.
 (d) It is not useful.
Answer: d

 3. Which of the following statements is correct?
 (a) Methylprednisolone administration does not 

improve outcomes in patients with SDH.
 (b) Steroids may be used in management of 

TBI patients if central adrenal insuffi-
ciency is suspected.

 (c) None of the above.
 (d) Both 1 and 2.
Answer: d

 4. Which of the following statements is correct?
 (a) Phenytoin reduces incidence of early 

post-traumatic seizures.
 (b) Phenytoin reduces incidence of late post- 

traumatic seizures.
 (c) Phenytoin is better than valproate in 

reducing incidence of early post- traumatic 
seizures.

 (d) Phenytoin is not recommended for reduc-
ing incidence of any post-traumatic 
seizures.

Answer: a
 5. Pressure reactivity index (PRx) is useful 

quantifying:
 (a) Cerebral compliance.
 (b) Intracranial pressure.

 (c) Autoregulation.
 (d) Cerebral blood flow.
Answer: c
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Management of Patient 
with Motor Strip Gliomas (Awake 
Craniotomy)

L. Jane Easdown

Stem Case Terminology
A 50-year-old woman with new onset neuro-
logical symptoms is seen in the preoperative 
clinic 1  week prior to left temporal crani-
otomy for resection of tumor. Over the last 
month she has noticed left sided weakness and 
a difficulty with finding words. She is right 
handed. Prior medical history is significant for 
well- controlled hypertension, gastroesopha-
geal reflux disease (GERD), and some mild 
obstructive sleep apnea (OSA) which does 
not require her to use a sleep device. Her past 
surgical history includes a hysterectomy under 
general anesthesia. Her medications include 
Lisinopril and omeprazole, and she was pre-
scribed dexamethasone 2  weeks ago by the 
surgical team. In preparation for the surgery 
she had a functional MRI (fMRI) that showed 
that her speech center was significantly close 
to the tumor site. For this reason, the surgeon 
is intending to resect the tumor with the patient 
awake and able to participate in language and 
motor testing.

The patient is apprehensive but willing to 
learn more about awake craniotomy (AC).

Question 1:
What additional information will you need to 
obtain in the preoperative period?

Answer:
Preoperative preparation for the surgery is key 
to success. Not only do the medical issues of the 
patient require review but also there is an excel-
lent opportunity to develop a trusting relationship 
with the patient [1]. As in any preoperative case 
you will need to review the patient’s past medi-
cal and surgical history, anesthesia history, other 
medical conditions, medications, allergies, and 
family history. In addition to the usual physical 
examination of airway, respiratory and cardiac 
status, a detailed neurological exam should be 
performed documenting mental status, speech, 
and focal deficits. Preoperative testing for a 
patient with a tumor may include any of the fol-
lowing: electrolytes, CBC, coagulation studies, 
and type and screen for blood products. The 
anesthesia provider should review all neurologi-
cal scans for tumor position, size, proximity to 
surrounding structures, degree of shift, or other 
evidence of raised intracranial pressure.

Selection for AC is determined by the abil-
ity of the patient to fully participate in the test-
ing. There is no absolute contraindication to 
AC except patient refusal or the inability of 
the patient to participate. Many medical issues 
make this surgery challenging. This procedure 
has been performed with many high-risk patients 
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including those with significant obesity, OSA, 
pregnancy, hearing or language barrier but they 
have reached a successful conclusion [2–5]. 
Children as young as 11 years old have partici-
pated in AC [6].

This patient has a mild degree of OSA—this 
is a risk for airway obstruction and hypoventila-
tion with sedation as well as increased sensitivity 
to sedation. It is important to obtain more his-
tory on sleep testing and perform a careful airway 
exam. During the procedure it will be important 
to monitor oxygenation and ventilation. She 
might need a nasal airway or other device sup-
port [7–9]. The use of continuous positive airway 
pressure (CPAP) devices has been reported dur-
ing AC [10].

The patient is curious about the use of AC 
and language mapping—why is this approach 
better for her?

Question 2:
What factors support this approach for awake 
surgery?

Answer:
With her tumor so close to the language and 
motor centers, ensuring a complete resection and 
protecting her neurological function will be bet-
ter accomplished with her ability to provide feed-
back on function. There is good evidence for this 
approach:

Dr. Wilder Penfield brought craniotomy 
with an awake patient to international attention 
through his work on epilepsy in the 1950s [11]. 
Through surgical and anesthesia advancements, 
AC is considered a safe and efficacious plan for 
lesions found in the eloquent areas of the brain 
compared with craniotomy under general anes-
thesia [12–17]. This patient has a glioma in the 
temporal lobe but AC has been the procedure of 
choice for other lesions including resection of 
epilepsy foci, angioma, metastatic lesions, aneu-
rysm clipping, and AVM resection [18–22]. The 
determination to resect the tumor with the patient 
awake instead of using general anesthesia is made 
by determining the proximity of the tumor to the 
eloquent centers. The eloquent centers, including 
Wernicke and Broca’s areas, are located predom-

inantly on the left side of the brain in both right-
handed and left-handed patients [23]. A complex 
of connections between these areas and the fron-
tal lobe controls language. Repeat AC with lan-
guage mapping has shown that these pathways 
demonstrate plasticity [24, 25]. A recent review 
article describes the research into this fascinating 
and complex topic [26].

To determine the proximity to the speech 
center and margins of the tumor, CT and MRI 
scans will be performed. The fMRI is a scan 
which determines active neural tissue with the 
patient performing certain tasks such as reading 
or speaking [27, 28]. There is evidence that this 
scan can assist in predicting surgical outcomes 
of speech [28]. With an AC, the patient is able 
to participate in speech, motor or sensory testing 
before and during resection of the tumor.

There has been very successful research con-
cerning outcomes with AC versus craniotomy 
under general anesthesia, both retrospective 
and prospective. The desired outcome is better 
function in the postoperative period in regard to 
neurological function. Other outcomes include 
size of resection, patient satisfaction, and long-
term survival. Compared with surgery with 
general anesthesia, several series have reported 
that patients have better outcomes generally 
[12, 29]. This includes greater resection of the 
tumor, especially important with glioma or 
other tumors [30–32]. A benefit to testing is that 
a greater amount of tumor may be resected in 
the awake patient protecting speech and motor 
centers and as a result have longer survival [32]. 
They demonstrate fewer neurological defects 
after surgery [17]. Some centers report using 
intraoperative MRI during AC [33, 34]. This is 
done to ensure best neurological outcome with 
the resection. Patient survival with AC com-
pared with GA is difficult to determine because 
of tumor type, grade, and other patient co-mor-
bidities [35].

There are also reports that patients with AC 
will have decreased length of hospital stay and 
decreased cost with AC, even some performed as 
outpatient surgery [29, 36, 37]. It is possible that 
AC might be a safe method to manage patients in 
low resource settings as well [38].
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Our patient is eager to hear more and inter-
ested in how you might manage the anesthesia.

Question 3:
What anesthesia options are available to you to 
provide awake surgery?

Answer:
Centers performing this type of surgery report two 
techniques: monitored anesthesia care (MAC) or 
asleep-awake-asleep technique (AAA). There 
has been a lively debate concerning the efficacy 
of the two techniques with pros and cons [30, 39, 
40]. These studies are limited in comparing the 
two because of the nature of the surgery, small 
numbers of patients, and institutional experience 
in one technique over the other. However, both 
are considered safe and have good patient accep-
tance [41].

The MAC approach has the patient sedated 
throughout the procedure without general anesthe-
sia or airway assistance at any time. The AAA tech-
nique begins with general anesthesia and definitive 
airway management-oral or nasal endotracheal 
(ET) tube or LMA. When the surgeon is ready for 
the patient to assist in testing, the anesthesia will be 
reduced until consciousness is obtained. After test-
ing and/or resection, anesthesia can be induced with 
return to the airway device or nasal prongs. Thus the 
patient is asleep, then awake and then asleep.

The advantage of the MAC technique is the 
avoidance of general anesthesia and airway man-
agement. A number of sedative medications have 
been used in this technique. The most common 
anesthesia agents are those that provide vari-
able depth of sedation. Agents such as propofol 
and remifentanil infusions are used commonly. 
The use of dexmedetomidine for AC has been 
very successful for the MAC technique [42–44]. 
Incisional pain can be managed with infiltration 
along the path of the incision and the pin sites by 
the surgical team. Many centers use scalp blocks 
to more definitely block pain including the 
greater and lesser occipital nerves, great auric-
ular, auriculotemporal, zygomaticotemporal, 
supratrochlear and supraorbital nerves [45, 46]. 
During resection, the surgeons can infiltrate the 
areas close to inflections of the dura and major 

arteries, as these are sensitive to pain. The brain 
tissue is insensitive except for these areas.

The AAA technique is also well accepted. 
Benefits include performing the craniotomy 
without a conscious patient eliminating pain or 
anxiety. The airway can be controlled and hyper-
ventilation initiated. Anesthesia agents such as 
inhaled agents or total intravenous anesthesia 
(TIVA) method with propofol can be used [14]. 
With arousal however, there is a risk of emer-
gence delirium until the patient has resumed a 
cooperative stage. At this stage it is possible to 
move in pins, lacerating the scalp. Patients may 
not make the transition to full cooperation and 
the procedure must be converted to general anes-
thesia missing the opportunity to test. The MAC 
technique avoids this possibility but patients with 
MAC may also fail and risk be converted to GA.

Generally each center develops a technique 
for surgery and anesthesia based on experience 
[39, 40].

The patient appears cooperative and keen 
to proceed understanding the benefits and 
risks. She would like to know the plans for the 
operative day.

Question 4:
Discuss your plan for anesthesia including risks 
and benefits.

Answer:
Developing a supportive relationship with the 
patient prior to surgery is key to the success of the 
process [1, 47]. This conversation should occur 
prior to the day of surgery with opportunity for 
open discussion and questions. The patient must 
feel confident in the success of the procedure. 
The expertise of the anesthesia and surgical teams 
should be emphasized. It is also important to be 
honest about the process and what will occur. 
Because the patient is awake, there needs to be 
a more detailed discussion of the events before 
and during the surgery. In the preoperative con-
versation, the following points should be made: 
perioperative medications, use of monitors, pro-
cess of placing scalp blocks or wound infiltration 
and airway management. Airway devices might 
include nasal airways, ET tubes, or LMAs. The 
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position of the patient and padding should be 
explained. Klimek mentions the use of slides and 
short movies to orient the patient to the process 
[48]. Some centers use a horseshoe for head posi-
tion and some pin with the Mayfield apparatus 
[49]. The patient should be aware of the testing 
that will occur and be shown the materials that 
might be used-pictures of items, etc. It should be 
emphasized that the anesthesia team will always 
be in attendance. Many centers have a neuropsy-
chologist meet with the patients if that person is 
going to do the testing [50].

This is an excellent time to speak of potential 
complications. Minor complaints involve thirst 
or positioning discomfort. Significant risks such 
as seizures or the need to convert to GA for anxi-
ety or pain can occur. The patient can be advised 
that these complications are rare and can be 
addressed immediately.

On the day of surgery you see the patient in 
the holding area. She and her husband are quite 
anxious but still committed to going ahead.

20.1 Preoperative

Question 5:
What should be the preoperative instructions to 
the patient? What can you use for preoperative 
medications?

Answer:
The patient should be NPO according to insti-
tutional guidelines. Prior to surgery this patient 
will be counseled to take her dexamethasone and 
her lisinopril on the day of surgery. If the patient 
has been prescribed epilepsy medications by the 
surgeon, they should be continued. The use of 
ACE and ARBS prior to surgery is controversial 
[51–53]. Eseoni et  al. found MAC patients in 
their series of 81 patients had more hypertension 
than the AAA group [30]. For awake procedures, 
since there is more risk of hypertension, there is 
a case for continuing with daily antihypertensive 
medications. Perioperative pain is a concern and 
a multimodal approach is often used. A review of 
perioperative anesthesia medications used in AC 
shows the following meds: midazolam, ondanse-
tron, clonidine, acetaminophen, metoclopramide, 

diclofenac, atenolol, scopolamine, and haloperi-
dol [40]. In this publication, there is a compre-
hensive table of all sedatives and local anesthetics 
used in AC. https://journals.plos.org/plosone/
article/figure?id=10.1371/journal.pone.0156448.
t002 (this is an open access publication and they 
are ok with publishing if given the citation).

Nausea is not a common complaint but pre-
emptive treatment can be used based on patient’s 
co-morbidities and age. Benzodiazepines may 
be used for intractable anxiety. The addition of 
these medications should be balanced against the 
potential for sedation and risk for failure to arouse 
for testing. There is always a risk and benefit 
with sedation for neurological procedures—risk 
of oversedation and change of mental status, and 
hypoventilation leading to raised ICP.  Sedation 
should be added judiciously and might be delayed 
until full monitoring can be applied in the operat-
ing room. In our center we begin the loading infu-
sion of dexmedetomidine on entry to the room. 
Some centers report using no sedation at all [54].

Intraoperative sedation can be maintained 
with low dose propofol (20–50  µ/kg/min) with 
remifentanil (0.01–0.05 µ/kg/min) or dexmedeto-
midine (0.3–0.5 µ/kg/h).

The surgeons might order antiepilepsy medi-
cations in the perioperative period although this 
is controversial in patients without demonstrated 
seizure activity [13]. The most common one pre-
scribed is levetiracetam. Seizures during cortical 
electrical stimulation are a risk to the patient and 
might terminate the testing. In Nossek’s study of 
failed AC, 2% were due to seizures [55]. The sur-
gical team might also order dexamethasone and 
mannitol if these are being used.

The patient is calm and cooperative as you 
apply monitors.

20.2 Intraoperative

Question 6:
In addition to standard ASA monitors, what will 
you use to monitor this patient?

Answer:
Most centers place an arterial line for blood pres-
sure management and blood testing. All IVs and 
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arterial lines will be placed with local anesthesia 
and should be placed on the contralateral side from 
the brain lesion, if possible, so as not to interfere 
with motor testing. The urinary catheter should be 
placed in a private location prior to entering the 
operating room. An additional intravenous catheter 
should be placed for dedicated infusions especially 
if remifentanil is to be used. An inadvertent bolus of 
remifentanil can lead to apnea and hypercapnia in 
the awake patient. When using specially designed 
nasal prongs it is possible to measure respiratory 
rate. The ETco2 will not be accurate but the pro-
vider can obtain an end-tidal carbon dioxide trend.

The patient is properly sedated and all 
monitors applied. You are ready to perform 
scalp blocks.

Question 7:
Describe the procedure for placing scalp blocks. 
What local anesthesia will you use? Is Exparel 
acceptable?

Answer:
Scalp blocks for AC have been well described 
[45]. There are 6 nerves that require blocking: 

the greater and lesser occipital nerves, great 
auricular, auriculotemporal, zygomaticotempo-
ral, supratrochlear and supraorbital nerves (Fig. 
20.1 from Osborn). The largest nerve, the greater 
occipital, should be blocked first to allow time 
for effect. In our practice, the attending physician 
performs the blocks on the surgical side and the 
trainee on the other. It has been recommended 
to block selectively if the craniotomy is anterior 
or posterior (Table 20.1) but in our practice, we 
block all nerves in anticipation of pinning. 

Local anesthesia medications should be cho-
sen for fast onset and duration of action. The total 
amount of local anesthesia should not reach the 
toxic level for the patient. This usually requires 
mixing the medications. Bupivacaine 0.25 and 
0.5%, ropivacaine and lidocaine have been noted 
with or without the addition of epinephrine [40]. 
Each nerve is blocked with 2–5 ccs of the local 
anesthesia. Onset is rapid. Pin sites and inci-
sion site can also be infiltrated as long as the 
total amount of local anesthetic agent does not 
reach the toxic level. The long-acting liposomal 
 bupivacaine (Exparel) is not released for scalp 
blocks at this time.

Supraorbital nerve
Auriculotemporal
nerve

Greater
occipital
nerve

Lesser
occipital
nerve

Posterior
rami of C3, 4,
and 5

Supratrochlear nerve

Zygomaticotemporal
nerve

Lacrimal nerve

Infraorbital nerve

Buccal nerve

Mental nerve

Great auricular nerve

Transverse cervical nerve

Supraclavicular
nerves (C3 and C4)

Zygomaticofacial
nerve

V1

V3 V2

Fig. 20.1 Innervation 
of the scalp and face. 
(Source: Lalwani AK: 
Current Diagnosis 
&Treatment in 
Otolaryngology_Head 
and Neck Surgery, 2nd 
edition: http://www.
accessmedicine.com. 
Authorization obtained 
from McGraw-Hill 
companies to use this 
copyrighted material)
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The patient is turned onto her right side 
on a well-padded OR bed and she tolerates 
placement of cranial pins indicating suc-
cessful nerve blocks. The surgeons start the 
craniotomy. The patient find the pressure is 
hurting her.

Question 8:
What can you do to improve her pain control at 
this time?

Answer:
The comfort of the patient is crucial to proceed-
ing. In a study of nine French hospital centers, 
over 50% of patients admit to some pain dur-
ing AC usually characterized by a 1–2/10 pain 
rating. But 25% admitted to moderate amounts 
of pain [56]. Firstly the patient should be ques-
tioned concerning the pain quality. Dull aching 
or headache might be due to pressure on intra-
cranial sensitive structures. The surgeons should 
infiltrate areas known to be sensitive—especially 
the dura mater of the skull base, the falx cerebri, 
and the leptomeninges of the lateral fissure and 
neighboring sulci. Sedation should be increased. 
Infusions of remifentanil can be increased as tol-
erated by respiratory rate. Infusions of propofol 
or dexmedetomidine can be increased. It is also 
useful to distract the patient from unnecessary 
noise or other activities in the room that might 
increase anxiety. Choosing her favorite music can 
be very helpful and has been used successfully 
to decrease anxiety in AC [57]. Two studies note 
the use of hypnosis during AC with some success 
in averting anxiety [58, 59]. In most cases, all of 
the above will improve conditions. In the cases 

investigated by Nossek, no failure was attributed 
to inability to control pain [55].

Nausea is also not a common complaint. 
Manninen found that patients with AC had less 
nausea within the first 4 h after surgery compared 
with GA craniotomy patients [60]. Nausea is not 
only a significant factor for patient satisfaction 
but it is also a concern for safety. Emesis might 
lead to aspiration with the patient unable to move 
in pins. At this time it is reasonable to increase 
the levels of medications already given and add 
to them additional agents such as promethazine 
with the understanding that this will have a seda-
tive effect.

The surgeon indicates that it is time in 
30 min to map out the parameter for resection 
and ask the patient to speak.

Question 9:
Describe the procedure to examine the patient for 
fluent speech. How will you convey information 
convey information to the surgeon?

Answer:
This is a critical time in the procedure. The 
patient must be aroused from sedation or GA and 
respond.

At this time for cases progressing with MAC 
technique, the level of sedation is lowered or 
removed. Some recommend infusions of low 
amounts of remifentanil (0.01–0.05  µ/kg/min) 
or dexmedetomidine (0.3–0.5 µ/kg/min) to con-
tinue. There was a concern that adequate cortical 
stimulation could not occur with ongoing seda-
tion but studies have shown it can be used during 
the testing [43]. With the sedation decreasing, the 

Table 20.1 Nerves to be blocked for craniotomy

Nerves to be blocked Branch Anterior craniotomy Posterior craniotomy
Supraorbital Ophthalmic branch of TG n Yes No
Supratrochlear Ophthalmic branch of TG n Yes No
Auriculotemporal Mandibular branch of TG n Yes No
Zygomaticotemporal Maxillary branch of TG n Yes Yes
Greater occipital Posterior ramus of C2 No Yes
Lesser occipital Ventral rami of C2, C3 No Yes

The table displays the six nerves blocked for craniotomy, their origins, and whether they should be blocked for anterior 
or posterior craniotomies
C indicates cervical nerve, n nerve, TG trigeminal
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patient should be oriented to the task and reas-
sured. With the patient able to hear and speak, the 
neurocognitive testing can begin.

For patients with the AAA method, arousal 
is more complex. The patient is emerging from 
general anesthesia with the potential for a stormy 
transition to full awareness. The process can be 
prolonged. The hyperactive emergence delirium 
can lead to combative behavior with risk of injury 
such as scalp lacerations. Hypoactive delirium 
can reduce the opportunity to do the awake test-
ing. If an LMA or oral ET tube has been used, it 
will be removed with the risk of airway obstruc-
tion or laryngospasm. The nasal ET tube can be 
moved back to the pharynx and readvanced at the 
termination of testing. All have been described 
for the AAA technique.

Once the patient is fully alert and able to con-
verse, the testing will begin. The surgeon will 
stimulate the cortex close to the lesion to delin-
eate the margins of the tumor. Electrical stimu-
lation mapping (ESM) is the gold standard [61, 
62], ESM is done with an Ojemann stimulator 
and 2.4–6 mV stimuli are used on the cortex. The 
small amount of current is used to avoid risk of 
seizure. Both involve stimulation of the surround-
ing cortex while the patient is active in language 
tasks. The mapping is done to determine the cor-
tical and also the subcortical tracts that constitute 
the speech centers [63].

A neuropsychologist or neurologist might 
carry out the testing. In many centers, the anes-
thesia provider carries out this task. Many stud-
ies concerning AC do not provide details about 
how the language testing is carried out. There 
is no standardization to the process. Most cen-
ters mention the patient reciting numbers or the 
alphabet. The patient might name objects or 
read out loud. Some require the patient to hold 
a conversation during testing and resection. 
Abnormalities would be aphasia or anomia, the 
inability to name an object, or arrest of speech. 
De Witte advocates for standardized language 
testing before and after the surgery and using 
a standardized approach to testing during the 
surgery. His team has developed a standardized 
Dutch linguistic test battery (measuring phonol-
ogy, semantics, syntax) to reliably identify the 

critical language centers [64, 65]. This testing is 
used pre/post and during the surgery.

The patient initially presented with left 
sided weakness. How are the motor centers 
tested?

Question 10:
How is the motor testing carried out?

Answer:
If the tumor is located near the primary motor 
strip (M1), there are methods to test during 
AC. The direct cortical stimulation is also done to 
determine the extent of the motor cortex involved 
in the tumor. It is possible to use the same direct 
cortical stimulation on the motor areas. Shinoura 
and colleagues describe the process using a 
modified Ojemann stimulator using 3–5  mA, 
60 Hz biphasic 1 ms/phase for 4 s [66]. During 
the stimulation, they ask the patient to move the 
face and tongue, clench hands and demonstrate 
flexion of elbows and knees on the contralateral 
side. The low current is used to avoid seizure 
activity [66–68]. The motor functions can also 
be tested with the patient having craniotomy with 
GA. The same stimulation can be applied using 
motor evoked potentials and SSEPS with phase 
reversal.

The testing is going well and the patient 
is cooperating with the object naming but 
notices that her toes are twitching. You suspect 
she may be experiencing some seizure activity.

Question 11:
How do you manage an intraoperative seizure?

Answer:
Seizures can be focal or generalized. The patient 
might be aware of an oncoming seizure or it might 
be observed by the anesthesia provider or by EEG 
monitoring if it is being used. With a generalized 
seizure, there is risk to the patient with loss of 
consciousness, uncontrolled movements, scalp 
lacerations, neck injury, and potential loss of air-
way. In the postictal state, the patient might not be 
able to continue with testing. In the recent review 
of AC by Kulikov, the efficacy of antiepileptic 
medications for prevention of seizures is not com-
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plete but the agent most prescribed is levetirace-
tam [14]. When intraoperative seizures occur, the 
first step in management is to alert the surgeon 
and halt stimulation. The surgeon will pour cold 
saline over the cortex to stop electrical spread. If 
this does not correct the problem, then the seizure 
must be treated with additional levetiracetam and 
benzodiazepines or small doses of propofol. In a 
large retrospective series by Hervey-Jumper of 
over 600 cases of AC, the incidence of seizures 
was 3% and depended on the site of the tumor and 
the preexisting incidence of epilepsy. The seizures 
responded to cold saline but three patients were 
unable to complete testing [4]. A meta-analysis 
of 25 studies of AC looked at seizure in the peri-
operative course of AC.  The incidence is in the 
range of 8–10% [69]. Retrospective series have 
identified seizures as a significant problem to be 
anticipated in AC requiring quick work by the sur-
gical and anesthesia team. Nossek found patients 
with seizures during AC were more likely to be 
young, have frontal tumors and have an existing 
seizure history [70]. Spena surveyed a group of 
20 European centers preforming ACs to question 
to use of antiepileptic medications. The incidence 
of seizures was quite wide—2.5–54%. It should 
be noted that over 50% used EEG or electrocor-
tography (ECoG) as a monitor. The authors noted 
that seizures might be linked to the mastery of 
mapping technique. In this series, the risk of sei-
zures increased with preexisting epilepsy. Seizure 
occurrence was similar in patients with or with-
out perioperative drugs [13]. ECOG is a common 
monitor used during surgery for epileptic foci. It 
can be used in AC for tumor but the use might be 
not useful [61].

The surgeon has completed mapping and is 
requesting the patient sleep for resection. The 
brain is a bit tight.

Question 12:
What can be done to improve the conditions for 
the surgical team?

Answer:
In the awake patient, it is not possible to control 
respiration and hyperventilate. There are a few 
maneuvers that can improve conditions—elevat-
ing the head, decreasing sedation to improve res-

piration and use of mannitol. If the surgeon has 
no additional need for the patient’s assistance, 
GA could be induced with replacement of ET 
tube (nasal intubation) or LMA and then hyper-
ventilation could be initiated.

The surgeon informs you that there might 
be some blood loss in the next few minutes.

Question 13:
What would you do if a major vessel was incised 
and the surgeons alert you to bleeding?

Answer:
The potential for active bleeding in AC is very 
low because the structures involved are superfi-
cial. Nevertheless, in the preoperative stage the 
patients should be consented for transfusion of 
blood or blood products and type and screen 
should be sent. Management of active bleeding 
in an awake patient requires maintaining verbal 
contact with the patient, calling for help, assess-
ing vital signs, sending appropriate blood tests, 
and all doing so in a calm and efficient manner. 
It is the judgment of the anesthesia provider to 
determine if the airway should be secured and 
GA induced until hemostasis is achieved.

The surgeons have completed the resection. 
They are ready to close the incision.

Question 14:
What plans will you make for the post resection 
management of this patient?

Answer:
At this time further testing of the patient will not 
be necessary. In the MAC cases, the sedation can 
be reapplied. Very little sedation is needed as the 
patient is likely to be exhausted from the experi-
ence. Sedation might include dexmedetomidine, 
remifentanil or propofol and sedatives such as 
benzodiazepines are now acceptable. The patency 
of the airway will require attention. Nasal air-
ways or other airway adjuncts might need to be 
reinstated if it was removed. In patients with the 
AAA technique, GA will be induced and the air-
way reinstalled. Use of LMA is common at this 
time instead of ET tube placement.

Most centers will recover the patient in the 
ICU to perform neurological vital signs for a 
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certain number of hours. The usual stay for AC 
might be decreased compared with GA patients. 
One center in Canada has reported success with 
same day surgery for craniotomy with a protocol 
for patient selection and a team for standardized 
care [71–73]. Clearly the requirement for 24-h 
vital signs is not a rule and must be guided by 
patient safety.

You see the patient the next morning and 
she is stable but complaining of nausea and 
headache. She is delighted that the surgery is 
completed and was so successful.

20.3 Postoperative

Question 15:
What factors effect the satisfaction of patients 
and AC? What could you do to improve her post-
operative course?

Answer:
The postoperative visit and follow-up is espe-
cially important for AC. The ultimate goal of AC 
is to protect the language/motor and/or sensory 
function of the patient while performing the best 
possible resection. The surgeon has spoken to the 
patient about the surgical outcomes and any fur-
ther testing, scans or oncology follow up treat-
ments. It is the job of the anesthesia provider to 
provide feedback about the procedures and elicit 
patient reflection and feedback. In the postop 
visit, you will need to emphasize the importance 
of the procedure they have participated in. The 
patient should be commended on their efforts 
and success. It is truly an amazing task they have 
accomplished. There have been several studies of 
surveys or questionnaires given to patients fol-
lowing AC. Klimek followed up 61 patients and 
inquired about memories of the procedure. All the 
patients had had the MAC technique so they had 
received varying amounts of sedation. The memo-
ries were mainly neutral or positive. The discom-
fort that they recalled was related to placement of 
the Mayfield pins, the discomfort from lying still 
for the case and the discomfort from the urinary 
catheter. Overall the patients demonstrated high 
satisfaction [74]. Another postoperative survey 
of 15 patients with the AAA technique demon-

strated that most recollected various aspects of 
the procedure although awake for 45 min or less. 
Three patients (20%) had little memory of actu-
ally being awake during the surgery. A minority 
reported more than minor discomfort (20%), fear 
(15%), or anxiety (29%). Reports of discomfort 
mentioned the pain from the cranial pin holding 
device, operative position (hard uncomfortable 
bed), pain in the wound with infiltration and the 
urinary catheter [47]. Milian reviewed 12 studies 
of AC (396 patients) performed with both AAA 
and MAC techniques between 1998 and 2013. 
Patients responded to postoperative interviews 
or questionnaires. Overall, the patients felt well 
prepared and satisfaction was high. Thirty per-
cent reported a memory of considerable pain and 
10–14% recalled anxiety. In all patients noted 
there were no cases of posttraumatic stress dis-
order [75]. In a similar review of AC patients 
from five European centers, 105 patients were 
surveyed. The patient questionnaire revealed 
that the majority of patients feel comfortable 
with the procedure. Pain levels on a 10-cm 
visual analogue scale were 1.3 cm at the begin-
ning, 1.9 cm the middle, and 2.1 cm at the end 
of awake phase. Levels of anxiety were positive 
yet low. The highest mean anxiety levels were 
noted in women and patients less than 60 years 
of age. Discomfort resulted from head fixation or 
positioning [76].

From these studies it is clear that patient who 
elect to have surgery for brain lesions under AC 
has a good experience generally. However, a 
fair proportion still experience pain and anxiety. 
Environmental conditions can be improved—
padding of the OR bed, elimination of cranial 
pins, local anesthesia gel for urinary catheter 
placement, or use of condom catheters in male 
patients.

Multiple Choice Questions
 1. Which of the following neurological problems 

is most likely to require AC?
 (a) Dysphagia
 (b) Tremor
 (c) Dysesthesia over left upper extremity
 (d) Ataxia
 (e) Anomia
Answer: e
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All of the above are neurological symptoms. 
The most common reason to perform AC is a 
defect found in the language center so the best 
answer from this list is anomia—the inability to 
name items. Awake procedures are performed 
for deep brain stimulation for tremors but this is 
not a craniotomy procedure.

 2. What patient described below would not be 
acceptable as a candidate for an AC?
 (a) Patient with hearing disability who uses 

sign language
 (b) 8-year-old child
 (c) Pregnant woman at 20 weeks gestation
 (d) Patient with BMI 50
 (e) All are acceptable
Answer: e

All of these patients have been described in 
case reports.

 3. Which nerves require blocking?
 (a) Supratrochlear, greater auricular, lesser 

occipital
 (b) Supraorbital, zygomaticofacial, greater 

auricular
 (c) Greater occipital, temporal, supraorbital
 (d) Facial, supratrochlear, lesser orbital
 (e) Supraorbital, subtrochlear, lesser occipital
Answer: a

Just memory really!
 4. After calling for help, what is the first step to 

initiate if the patient experiences a generalized 
seizure?
 (a) Notify the surgeon
 (b) Application of cold saline to cortex
 (c) Begin infusion of keppra
 (d) Administer 2 mg of midazolam
 (e) Place LMA
Answer: a

The surgeon must initiate the cold saline so 
alerting them is the first step in treatment.

 5. What would be a valid indication to abandon 
the procedure?
 (a) Pain > 2
 (b) Focal Seizure
 (c) Anxiety
 (d) Patient refusal to participate
 (e) Tumor invasion of deep structures
Answer: d

Patient cooperation and consent is best rea-
son on this list.
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Management of the Patient 
with Trigeminal Neuralgia

Hilary Hott, Galal Gargodhi, and Eman Nada

Stem Case Terminology
A 55-year-old female complains of severe, 
shooting, electric shock-like pain in her right 
cheek. The pain occurs spontaneously or 
when she touches her face, chews, or upon 
brushing her teeth. The symptoms started 
suddenly about 1  year ago. She saw a neu-
rologist 6  months ago and was diagnosed 
with trigeminal neuralgia (TN). The neurolo-
gist started her on medical treatment which 
initially provided some relief. However, few 
months later, her symptoms worsened again. 
The neurologist referred her to a pain man-
agement specialist, who recommended a 
nerve block. The block did not significantly 
help. She was then referred to a neurosur-
geon, who recommended a trigeminal nerve 
decompression.

Question 1:
What is trigeminal neuralgia?

Answer:
Trigeminal neuralgia (TN) is a disorder character-
ized by recurrent unilateral, brief, electric shock-
like pain. It is limited to the distribution of one or 
more divisions of the trigeminal nerve. TN is rare, 
with an incidence that ranges from 0.03 to 0.3%. 
The incidence increases with age, and the age distri-
bution is usually between 37 and 67 years. Several 
studies have reported an increased incidence in 
women compared to men with a ratio 3–1 [1–3].

Question 2:
What is the etiology and pathogenesis of TN?

Answer:
TN can be divided into three categories:

• Classical: due to neurovascular compression 
of the trigeminal nerve.

• Secondary: due to an underlying disease, 
which can be a tumor (as in cerebellopontine 
angle tumor), arteriovenous malformation, or 
multiple sclerosis.

• Idiopathic: in which no abnormalities can be 
seen on magnetic resonance imaging or on 
electrophysiological testing.

H. Hott · E. Nada (*) 
Department of Anesthesiology and Perioperative 
Medicine, University of Massachusetts Medical 
School , Worcester, MA, USA
e-mail: Eman.Nada@umassmemorial.org 

G. Gargodhi 
Department Anesthesiology and Pain Medicine, 
Camden Clark Medical Center, West Virginia 
University, Parkersburg, WV, USA

21

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-0458-7_21&domain=pdf
https://doi.org/10.1007/978-981-15-0458-7_21#ESM
mailto:Eman.Nada@umassmemorial.org


282

The most common type is due to vascular com-
pression, usually within a few millimeters of entry 
into the pons. Compression by an overlying artery 
or vein may result in demyelination. Other mecha-
nisms have been proposed, including narrowing of 
the osseous canals transmitting the corresponding 
nerve branches and allergic-immune mechanisms.

The focal demyelination of the trigeminal 
nerve at its entry into the pons may lead to 
increased firing of the afferent fibers and 
increased excitability of the trigeminal brainstem 
complex, which could explain the triggering of 
symptoms in response to non-noxious stimuli. 
The “unified” theory combines the process 
involving ephaptic, ectopic transmission of axo-
nal discharges and nuclear hyperactivity in the 
pathophysiology of TN.  Ephaptic transmission 
occurs when the damaged axons in the area of 
focal demyelination become a source of ectopic 
generation of high-frequency discharges [4–7].

Question 3:
What is the anatomy of the trigeminal nerve?

Answer:
The trigeminal nerve is the largest cranial nerve. 
It emerges from the lateral aspect of the pons of 

the brainstem by a large sensory root and a small 
motor root. It is the chief nerve for general sensory 
innervation of the head. It originates from the lat-
eral surface of the pons by motor and sensory roots, 
then the roots cross the medial part of the crest of 
the petrous part of the temporal bone and enter the 
trigeminal cave of the dura mater lateral to the body 
of the sphenoid and cavernous sinus. The sensory 
root leads to the trigeminal ganglion; the motor root 
runs parallel to the sensory root, bypasses the gan-
glion and becomes part of the mandibular nerve.

At the end it divides into three divisions that is 
the ophthalmic, mandibular, and maxillary. The 
trigeminal nerve provides sensory innervation to 
the dura of the anterior and middle cranial fossae, 
skin of the face, teeth, gingiva, mucosa of the 
nose, paranasal sinuses, and mouth. It also sup-
plies somatic motor fibers and distributes post-
synaptic parasympathetic fibers [8] Fig. 21.1.

Question 4:
What are the diagnostic criteria for TN?

Answer:
The International Classification of Headache 
Disorders ICHD-3 diagnostic criteria [9] include 
the following description:

Fig. 21.1 Trigeminal 
nerve anatomy
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TN develops without apparent cause other 
than neurovascular compression.

Diagnostic criteria:

 (a) At least three attacks of unilateral facial pain 
fulfilling criteria B and C

 (b) Occurring in one or more divisions of the tri-
geminal nerve, with no radiation beyond the 
trigeminal distribution

 (c) Pain has at least three of the following four 
characteristics:
 1. Recurring in paroxysmal attacks lasting 

from a fraction of a second to 2 min
 2. Severe intensity
 3. Electric shock-like, shooting, stabbing or 

sharp in quality
 4. Precipitated by innocuous stimuli to the 

affected side of the face
 (d) No clinically evident neurological deficit.
 (e) Not better accounted for by another ICHD-3 

diagnosis

Question 5:
What is the differential diagnosis of TN?

Answer:
The following conditions produce facial pain 
that can be confused with TN pain [10] (See 
Table 21.1).

Question 6:
How do you diagnose TN?

Answer:
Classic TN is usually diagnosed by history as 
per the ICDH-3 criteria—question 4. Clinical 
exam is usually normal in classic TN except for 
hyperalgesia. Hypoesthesia or hypoalgesia in the 
affected trigeminal region always indicates axo-
nal damage and necessitates extensive diagnostic 
workup in cases of secondary TN. Traditionally, 
autonomic symptoms such as tearing and rhinor-
rhea have not been associated with TN [9–11].

Patients may have periods of remission with-
out any attacks lasting months or years, but the 
attacks may become longer, and remissions may 
become shorter over time [12].

Question 7:
The patient sees a neurologist, who prescribes 
carbamazepine. What is carbamazepine, and 
what other medications can help in treating the 
pain of TN?

Answer:
Carbamazepine and oxcarbazepine are the first- 
line drugs for paroxysmal pain. When the full 
dose is limited because of the side effects, an 
add-on treatment with lamotrigine or baclofen 

Table 21.1 Differential diagnosis of trigeminal neuralgia

Condition Differentiating point
•  Short-lasting unilateral neuralgiform headache attacks 

with autonomic symptoms (SUNA)
Pain may change sides

•   Short-lasting unilateral neuralgiform headache attacks 
with conjunctival injection and tearing (SUNCT)

•  Paroxysmal hemicrania
•  Migraine headache Pain is different, brief, not as intense

Photophobia, phonophobia, gastrointestinal symptoms
•  Trigeminal neuropathy and atypical trigeminal 

neuralgia
Pain is preceded by trauma and/or clear-cut 
neurological abnormalities

•  Persistent idiopathic facial pain Pain is dull and persistent
•  Herpes zoster infection The presence of herpetic rash, tingling, and 

neurological abnormalities
•  Cluster headache Orbital, suborbital, or temporal pain with autonomic 

symptoms. Pain is much longer in duration: 
15–180 min. Horner syndrome, conjunctival injection, 
epiphora

•  Teeth pain (cracked, caries, pulpitis) Can evoke shooting pain with chewing
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is used. In patients with atypical TN, both 
 gabapentin and antidepressants should be tried 
as an add- on to oxcarbazepine or carbamazepine. 
Carbamazepine carries the rare risk of agranulo-
cytosis and aplastic anemia, while oxcarbazepine 
may carry the risk of hyponatremia. Because of 
the side effects, a new, better tolerated, selective 
sodium channel blocker is under development. 
Efficacy of medical treatment is approximately 
75–80% initially, which then declines to approxi-
mately 50% over time [13, 14].

Topical intranasal or oral lidocaine used on 
the buccal mucosa and intravenous infusion are 
helpful to reduce the paroxysmal pain and sim-
plify TN treatment [15–17]. Pimozide produces a 
significant reduction in TN symptoms, and 
BTX-A injection was recommended as a useful 
treatment for refractory TN [18, 19].

Question 8:
After few weeks on medical management, the 
patient feels the medication is not effective any-
more. What are the other options available?

Answer:
Medications relieve pain in approximately 
75–80% of patients, especially early on. However, 
medications often lose effectiveness over time. 
For patients with TN refractory to medical 
therapy, early surgical therapy or ablative inter-
ventions are considered [20, 21]. Ablative pro-
cedures are preferable in patients with multiple 
comorbidities that increase surgical risk or in 
patients who are not willing to undergo surgery 
[22]. They work by selectively damaging unmy-
elinated and myelinated pain fibers while ideally 
sparing the rest of the nerve fibers [23]. Ablation 
can be done percutaneously or stereotactically. 
Percutaneous ablation is done using radiofre-
quency thermocoagulation, physical pressure 
or chemically with glycerol. In balloon com-
pression, the nerve is destroyed by pressing the 
nerve against the bone which results in mechani-
cal nerve destruction. Stereotactic radiosurgery 
is a non-percutaneous ablative procedure which 
utilizes technologies that focus small high- dose 
radiation beams onto specific points within the 
trigeminal nerve root. The technologies include 
Gamma Knife, CyberKnife, and LINAC- MLC- 

based radiosurgery. However, these treatments 
are expensive [23, 24]. The success rate after 
the ablative procedures starts high and tends to 
decrease over time to 50% at 3–5 years. Sensory 
loss, dysesthesia, anesthesia dolorosa, and cor-
neal numbness with risk of keratitis are common 
side effects [25–27].

Question 9:
The patient undergoes a diagnostic Gasserian 
ganglion block with little improvement. Now she 
is referred to a neurosurgeon. What are the surgi-
cal options?

Answer:
The main surgical treatment is microvascular 
decompression (MVD) of the trigeminal nerve. 
It is indicated when symptoms become refractory 
to medical therapy or when the medications are 
no longer tolerated. In some centers, it is consid-
ered the first option when patients are in good 
health [13, 28].

In the absence of neurovascular compression, 
a posterior fossa exploration may be done. In the 
case of negative posterior fossa exploration, one 
of the following can be considered:

• Partial sensory rhizotomy entails the division 
of the lateral one-half to two-thirds of the sen-
sory root. It has the drawback of producing 
sensory deficits.

• Internal neurolysis—also called nerve brushing 
or combing—entails separation of the nerve 
fascicles within the internal epineurium, which 
derives from the invagination of arachnoid and 
dura as the nerve exits the dura. As there is no 
injury to the nerves, sensory deficits may be 
less severe. Internal neurolysis is a safe, effec-
tive, and durable treatment for TN in the 
absence of neurovascular compression [29].

• Peripheral neurectomy targets the peripheral 
branches of the nerve external to the skull. It is 
generally not a recommended procedure [13]. 
However, it can be used in elderly patients or 
for those patients in areas with no access to a 
major surgical procedure [30].

Question 10:
What is MVD of the trigeminal nerve?
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Answer:
MRI techniques are used to show the compression 
site and measure the volume and cross- sectional 
area of the nerve. The most common site of neu-
rovascular compression is at the root entry zone, 
usually by the superior cerebellar artery [31]. In 
MVD, the trigeminal nerve root entry zone is 
freed and isolated from the vessels compressing 
it. This isolating material can be either Teflon and/
or muscle. However, Teflon as an isolating mate-
rial has been associated with a higher rate of TN 
recurrence than muscle [32] Fig. 21.2.

Question 11:
What are the pros and cons of MVD?

Answer:
MVD achieves the most sustained pain relief. 
Success rate is 90% initially, and 60–70% of 

patients remain pain free after 5 years [20, 33, 34]. 
However, it is a major surgical procedure that entails 
a craniotomy. Complications include incisional 
infection, facial palsy, facial numbness, cerebrospi-
nal fluid leak, and hearing deficit with a postopera-
tive mortality of about 0.1% [35] Fig. 21.3.
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Fig. 21.3 Compression of the trigeminal nerve. Repre-
sentative intraoperative images of a artery compression and 
vein close, b vein compression, and c arachnoid adhesions
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Question 12:
Now the patient is scheduled for MVD of the tri-
geminal nerve. What are the anesthetic consider-
ations of this procedure?

Answer:
The general anesthetic goals and considerations 
are the same as for any posterior fossa crani-
otomy is: to provide brain relaxation for good 
 surgical exposure and to maintain adequate cere-
bral perfusion pressure to prevent cerebral isch-
emia from brain retraction.

Adequate intravenous access should be estab-
lished, a type and screen should be performed, 
and any medications the patient is taking as for 
TN should be continued in the preoperative 
period. For patients who are on opioids preopera-
tively, postoperative pain management may be 
challenging and the use of intraoperative ket-
amine may be helpful.

During induction, face stimulation by applica-
tion of a mask should be avoided, as it may 
induce the pain.

The position of the patient is usually 
supine with a “bump” and head turned or lat-
eral park bench position [36]. The most com-
mon approach is the suboccipital retrosigmoid 
approach. The endoscopic-assisted procedure 
allows for a minimal incision, helps reduce the 
operative time, allows better exposure and is 
associated with reduced intra- and postopera-
tive complications [37].

For endoscopic skull base surgery, it is 
important to have a stationary field; any patient 
movement carries the risk of intracranial injury 
by the endoscope or endoscopic instruments and 
to the head being fixed in the Mayfield frame 
[38, 39].

Question 13:
What type of monitoring is indicated for this 
procedure?

Answer:
Besides using the ASA monitors, invasive arterial 
blood pressure and urine output monitoring helps 
in tight control of the hemodynamics.

Brainstem auditory evoked potential (BAEP) 
and electromyographic (EMG) monitoring of the 
trigeminal and the facial nerves are also used. 
When neuromonitoring is used, anesthesia should 
be modified so as not to suppress the monitored 
waveforms [40, 41].

Some neurosurgeons are comfortable perform-
ing this procedure without neuromonitoring. If 
non-depolarizing muscle relaxants are to be used, 
the long-term use of antiepileptic medications 
results in resistance and increased requirements. 
Phenytoin and carbamazepine induce hepatic 
microsomal enzymes significantly, while oxcar-
bazepine induces them to a lesser though still 
clinically significant extent [42–44]. Topiramate 
induces hepatic microsomal enzymes in a dose-
dependent manner. Valproate is an inhibitor 
of hepatic microsomal enzymes. Gabapentin, 
lamotrigine, levetiracetam, tiagabine, and viga-
batrin do not induce hepatic enzymes [45].

Question 14:
What are the intraoperative complications spe-
cific to this procedure?

Answer:
Because the skull is opened next to the sigmoid 
sinus, bleeding and air embolus are potential haz-
ards. Triggering of the trigeminocardiac reflex 
(TCR) is not uncommon with this procedure.

Question 15:
What is the trigeminocardiac reflex?

Answer:
TCR is the sudden occurrence of bradycardia, 
hypotension, apnea, and gastric hypermotil-
ity. The presentation ranges from sudden onset 
of sinus bradycardia, bradycardia terminating 
into asystole, asystole with no preceding bra-
dycardia, arterial hypotension, and apnea. The 
drop in the mean arterial pressure and heart rate 
should be more than 20% from the baseline at 
the time of trigeminal nerve manipulations. The 
TCR is activated by central or peripheral stim-
ulation of any of the sensory branches of the 
trigeminal nerve. It can be elicited even from 
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percutaneous compression of the trigeminal 
ganglion [46–50].

Factors that can predispose to TCR are hyper-
capnia, hypoxia, light anesthesia, children with 
high resting vagal tone, narcotics, preoperative 
beta-blockers, and calcium channel blockers. 
Avoidance of factors known to cause predisposi-
tion to the reflex and cessation or modulation of 
the surgical stimulus are usually all that is needed 
to halt the reflex [49]. Vagolysis using atropine 
may be needed. However, high doses of atropine 
may not completely prevent the bradycardia 
caused by TCR [51, 52]. The benefits and risks of 
temporary pacing should also be considered in 
cases of TCR especially in the presence of car-
diac conduction problems [50].

Multiple Choice Questions
 1. A 50-year-old female has a history of intermit-

tent, sharp, and stabbing pain on her left side of 
the face that lasts only few seconds. It started 
about 1 year ago and has gotten worse since. 
The patient thought it was related to an infected 
tooth. However, the pain did not improve after 
the tooth extraction. The pain is aggravated by 
touching and brushing her teeth at times. There 
are no relieving factors. She denies any other 
associated symptoms with her facial pain. 
There is no family history of headaches. She 
had a workup done by her neurologist that 
showed normal laboratory results. What is the 
most likely diagnosis for this patient?
 (a) Cluster headaches
 (b) Migraine headaches
 (c) Herpes neuritis
 (d) Trigeminal neuralgia
Answer: d

For the classic TN developing without 
apparent cause other than neurovascular com-
pression, the International Classification of 
Headache Disorders ICHD-3 diagnostic crite-
ria include [9]:
 1. At least three attacks of unilateral facial 

pain fulfilling criteria B and C
 2. Occurring in one or more divisions of the 

trigeminal nerve, with no radiation beyond 
the trigeminal distribution

 3. Pain has at least three of the following four 
characteristics:
(a) Recurring in paroxysmal attacks last-

ing from a fraction of a second to 
2 min

(b) Severe intensity
(c) Electric shock-like, shooting, stabbing 

or sharp in quality
(d) Precipitated by innocuous stimuli to 

the affected side of the face
 4. No clinically evident neurological deficit
 5. Not better accounted for by another 

ICHD-3 diagnosis
 2. After the appropriate diagnosis was made, the 

neurologist decides to start the patient on car-
bamazepine. What lab values should be 
ordered and monitored prior to initiation of 
carbamazepine and during treatment?
 (a) Coagulation profile
 (b) Complete blood count
 (c) Frequent electrocardiographic monitoring
 (d) Serum creatinine and blood urea nitrogen
Answer: b

Carbamazepine can be well tolerated by 
most patients as a first treatment agent for 
TN. However, it have some serious although rare 
side effects such as leukopenia, aplastic anemia, 
and hepatic and pancreatic impairment [53].

 3. Three days after starting carbamazepine, the 
patient started to have dizziness, vertigo, and 
intermittent diplopia. What would be the next 
medication option for this patient?
 (a) Amitriptyline
 (b) Oxcarbazepine
 (c) Ibuprofen
 (d) Duloxetine
Answer: b

Oxcarbazepine is a suitable alternative and 
more tolerated than carbamazepine. In 2008, 
the American Academy of Neurology and the 
European Federation of Neurological 
Societies issued the diagnostic evaluation and 
treatment of TN (an evidence-based review) 
that recommended the use of oxcarbazepine 
(level B evidence) [20].

 4. In spite of the full dose of carbamazepine and 
the retrogasserian ganglion rhizotomy, the 
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condition does not improve. Her pain is get-
ting worse with frequent attacks. MRI of the 
brain showed a pulsatile artery compressing 
the trigeminal nerve. What is the best next 
step to discuss with the patient?
 (a) Repeat the glycerol rhizotomy one more 

time before deeming it a failure.
 (b) We don’t have any other interventions to 

offer and you will learn to live with the 
pain.

 (c) Neurosurgical referral for MVD of the tri-
geminal nerve.

 (d) Add more medications.
Answer: c

MVD of the trigeminal nerve achieves the 
most sustained pain relief. The success rate is 
90%. After 5 years, 60–70% of patients remain 
pain free [20, 33, 34].

 5. The patient decides to undergo MVD of the 
trigeminal nerve. The chronic use of carbam-
azepine may necessitate which changes of 
anesthesia?
 (a) Lower doses of succinylcholine
 (b) Lower doses of non-depolarizing muscle 

relaxants
 (c) Higher doses of non-depolarizing muscle 

relaxants
 (d) Lower MAC of inhalational anesthetics
Answer: c

Some neurosurgeons are comfortable per-
forming this procedure without neuromonitor-
ing. If non-depolarizing muscle relaxants are 
to be used, the long-term use of antiepileptic 
medications results in resistance and increased 
requirements. Phenytoin and carbamazepine 
induce hepatic microsomal enzymes signifi-
cantly, while oxcarbazepine induces them to a 
lesser though still clinically significant extent 
[42–44].

 6. The patient is fully anesthetized, and the surgeon 
starts manipulating the trigeminal nerve. The 
patient’s heart rate drops suddenly to 37/min. 
What is the first measure to treat the condition?
 (a) Alert the surgeon and ask them to stop 

immediately
 (b) Give glycopyrrolate
 (c) Give atropine
 (d) Wait and it will correct itself

Answer: a
Avoidance of factors known to cause pre-

disposition to the reflex and cessation or mod-
ulation of the surgical stimulus are usually all 
that is needed to halt the reflex [49]. Vagolysis 
using atropine may be needed. However, high 
doses of atropine may not completely prevent 
the bradycardia caused by TCR [51, 52].
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Management of Patient 
with Scoliosis

Monica S. Tandon, Aastha Dhingra, 
and Vineeth Varma

Stem Case Terminology
• History

A 14-year-old boy is scheduled for a poste-
rior spinal instrumentation and fusion proce-
dure, for his right thoracic scoliosis. According 
to the medical records, he has a history of ado-
lescent idiopathic scoliosis (AIS) that was 
detected when he was 12 years of age. At initial 
presentation, the Cobb angle of the thoracic 
curve was 30°, and he was advised to wear a 
brace to restrict further progression of AIS. But 
the deformity has progressively increased over 
the past 2 years, and on a recent examination, 
the Cobb angle was estimated to be 57°.

He is a healthy child and participates in 
school sports; but lately, he has noticed slight 
breathlessness when he plays basketball. He 
reports that his paternal aunt also has a slight 

deformity in her spine. He takes no regular 
medications and denies any allergy or previ-
ous adverse anesthetic events.

• Physical examination

The boy is 170 cm tall, weighs 62 kg, [Body 
mass Index (BMI)—21.5 kg/m2) and has a nor-
mal gait. His heart rate (HR) is 76 bpm, blood 
pressure (BP) is 124/76  mmHg, and respira-
tory rate is 15/min. A right posterior rib hump 
and truncal asymmetry is noted in the standing 
position, with the right shoulder and right 
hemipelvis being higher as compared to the 
left side. There is no clinical leg-length dis-
crepancy. The right thoracic hump becomes 
more prominent on forward bending.

Airway, cardiac, and respiratory examina-
tion is unremarkable; no abnormality is observed 
on skin examination. On neurological examina-
tion, he has full and symmetric strength, normal 
sensation, and symmetric deep tendon reflexes 
in all the extremities; gag reflex and symmetric 
abdominal reflexes are also normal.

• Investigations

His hemoglobin is 13  g/dL; other routine 
hematological, biochemical investigations and 
urinalysis reveal no abnormality; electrocardio-
gram (ECG) shows a normal sinus rhythm. His 
spirometry results are: forced vital capacity 
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(FVC)—2.5 L (72% of predicted), forced expi-
ratory volume in 1 s (FEV1)—2.05 L (65% of 
predicted), FEV1/FVC ratio—82% of predicted; 
oxygen saturation (SpO2) on room air is 98%.

Standing anteroposterior (AP) radiograph of 
the spine demonstrates a single major thoracic 
scoliotic curve with a rightward convexity (dex-
troscoliosis) (Fig. 22.1a, b). The curve extends 
from the T1–L2 vertebra; its apex is at T8 verte-
brae; and the Cobb angle measures 57°. The 
apical vertebra demonstrates a vertebral rota-
tional deformity of 1 out of 4 (Nash and Moe 

classification) with less than 25% displacement 
of the pedicle towards the midline. There are no 
associated vertebral abnormalities. The ribs are 
pushed posteriorly and the rib cage is narrowed 
on the right side. Widening of intercostal spaces 
is maximally seen over the eighth to twelfth rib. 
The triradiate cartilage is open and the pelvis 
demonstrates a Risser 0 sign.

The magnetic resonance imaging (MRI) 
spine scan does not demonstrate any paraspi-
nal soft tissue, vertebral, or spinal cord (SC) 
abnormality.

a b

Fig. 22.1 (a) Standing radiograph of the spine (antero-
posterior view) showing a single major thoracic scoliosis 
curve with rightward convexity (dextroscoliosis), extend-
ing from T1 to L2 vertebrae; apex of the curve is at T8 
vertebra; Cobb angle of the curve (A) is 57° (measured 
from superior endplate of T1 and inferior endplate of L2 
vertebrae). (b) Standing radiograph spine (anteroposterior 

view) showing, (A) left shoulder at a lower level than the 
right shoulder; (B) crowding of ribs on the concave side of 
thoracic curve; (C) right sided scoliosis curve extending 
from the T1 to L2 vertebrae; the apical vertebra (T8) dem-
onstrates vertebral rotational deformity of 1 out of 4 (Nash 
and Moe classification). (D) Risser sign 0; (E) open trira-
diate cartilage
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22.1  Basic Considerations

Question 1:
What is scoliosis?

Answer:
Normally, the spine is centered on the pelvis, has 
an S-shaped curvature (thoracic kyphotic curve; 
cervical and lumbar lordotic curves) when it is 
observed from the side (sagittal plane), and is 
more or less, vertically straight (<10° curvature) 
when viewed from behind (coronal/frontal plane). 
When the spine is laterally deviated from its cen-
tral axis by more than 10° in the frontal plane, it is 
referred to, in simplistic terms, as scoliosis.

More specifically, scoliosis is a complex, 
three-dimensional deformities, which involves 
the spine as well as the thoracic cage. The spine 
deformity is characterized by an abnormal (>10°) 
lateral curvature of the spine in the coronal plane, 
lordosis of the thoracic spine in the sagittal plane, 
and rotation of the thoracolumbar vertebrae in the 
transverse plane [1].

As the lateral curvature of the spine increases, 
the affected vertebral bodies (VBs) and their spi-
nous processes bend and rotate towards the convex 
part of the curve; consequently, the spine rotates or 
twists, and the curve becomes multidimensional. 
Furthermore, compression of the inter-vertebral 
(IV) discs and thinning of the pedicles on the con-
cave side of the curve predispose to narrowing of 
the spinal canal on that side of the curve [2]. Since 
the ribs are attached to the vertebrae, they follow the 
rotational torque applied by the spine. On the con-
vex side, they become widely separated and are 
pushed upwards and backwards; this leads to nar-
rowing of the thoracic cage and development of a 
rib hump on the posterior chest wall [3]. Conversely, 
crowding of the ribs occurs on concave side of the 
curve, and an anterior rib hump is created as the ribs 
get pushed downwards as well as forwards [1, 3].

Besides a visible cosmetic deformity, these 
skeletal changes lead to truncal imbalance, 
altered spinal mechanics, and subsequently, 
degenerative changes in the spine. Further, the 
altered thoracic geometry impairs the functional 

biomechanics of the chest wall and causes sec-
ondary involvement of the respiratory and cardio-
vascular systems.

Question 2:
How is scoliosis measured?

Answer:
The “Cobb method” is used to determine the 
magnitude of scoliosis in the frontal plane [4, 5] 
(Fig. 22.1a). For this, the most tilted vertebrae at 
the cranial end [superior end vertebra (SEV)] and 
caudal end of the curve [inferior end vertebra 
(IEV)] are identified on an upright, AP spine 
radiograph (to define the upper and lower limits 
of the scoliotic curve). Lines are drawn along the 
upper and lower borders of the vertebral end 
plates of SEV and IEV, respectively. Another sec-
ond line is drawn perpendicular to each of these 
lines; the angle formed by the intersection of 
these perpendicular lines is the “Cobb angle.” 
The curve with the largest Cobb angle is called 
the “major curve”; all other curves noted on the 
X-ray are known as minor curves.

The Nash and Moe method is used to assess 
the extent of axial vertebral rotation, by examin-
ing the relationship of the pedicle to the center of 
the VB of the apical vertebra [vertebra which is 
the most laterally deviated from the central sacral 
line (vertical axis that passes through the patient’s 
sacrum)], on an AP spine radiograph or a comput-
erized tomography (CT) scan of the spine [4, 5]. 
There are four grades of axial rotation, ranging 
from Grade 0 (both pedicles are symmetric, no 
vertebral rotation is present) to grade 4 (the con-
vex pedicle has moved past the midline of VB).

Question 3:
What are the various types of scoliosis in chil-
dren? Which is the most common type?

Answer:
There are two types of pediatric scoliosis: 
idiopathic and nonidiopathic (Table  22.1). 
Approximately 80% of scoliotic children have 
Idiopathic Scoliosis (IS); these children are 
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 otherwise healthy and do not have any discern-
ible cause for their skeletal deformity [4, 6]. 
Nonidiopathic scoliosis develops as a result of an 
underlying pathology, mostly a neuromuscular, 
[neuromuscular scoliosis (NMS)] or congenital 
[congenital scoliosis (CS)], and occasionally, 
a mesenchymal, traumatic, neoplastic or syn-
dromic condition [3, 4, 6, 7].

IS is further subdivided, on the basis of age at 
which it is diagnosed, into infantile (age less than 
3 years), juvenile (age 4–9 years), adolescent (age 
10–18 years), and adult IS (in patients older than 
18 years) (Table 22.2) [8, 9]. AIS is the most com-
mon variant (approximately 90% of cases of IS), 
and also the most common type of scoliosis over-
all [9]. It has an incidence of 1–3% in children 
who are aged 10–16 years, and are at or near the 
onset of puberty, but have still not attained full 
skeletal maturity [6, 9–11]. Infantile idiopathic 
scoliosis (IIS) is the least common type and 
accounts for <1% cases of IS [4]. AIS and juve-
nile idiopathic scoliosis (JIS) are more prevalent 
in females and have a greater propensity for right 
thoracic curves [12, 13]. IIS, on the other hand, is 
more common in boys, is usually associated with 
left thoracic curves and is also the only type of IS 
which may resolve spontaneously [14]. Most of 
the children with IIS present within 6 months of 
birth; besides the scoliosis, they may also have 
other congenital abnormalities, e.g., plagioceph-
aly and congenital hip dysplasia [15, 16].

Table 22.1 Etiology of scoliosis

Idiopathic (nearly 80% of all cases of scoliosis)
  Infantile
  Juvenile
  Adolescent
Nonidiopathic
  Neuromuscular scoliosis (approximately 15% of all 

cases of scoliosis)
    Neuropathic (upper and lower motor neuron 

diseases): cerebral palsy, spinal muscular atrophy, 
poliomyelitis, syringomyelia

    Myopathic: Duchenne muscular dystrophy 
(progressive muscle disorder), Friedreich ataxia

  Congenital scoliosis (congenital abnormality of 
vertebrae/ribs)

    Vertebral anomalies: Hemivertebrae, unilateral 
unsegmented bar

   Rib anomalies: Congenital rib fusions
    Neural tube defects: Spina bifida, 

diastematomyelia, myelomeningocele
  Neurofibromatosis (von Recklinghausen disease)
  Mesenchymal disorders
   Marfan syndrome
   Ehlers–Danlos syndrome
    Morquio syndrome, Amyloplasia congenita, 

various types of dwarfisms
   Rheumatoid arthritis
   Osteogenesis imperfecta
   Still disease
   Scheuermann disease
   Marfan syndrome
  Trauma
   Vertebral fracture, irradiation or surgery
   Post-thoracic surgery
  Neoplastic

Table 22.2 Characteristic features of infantile, juvenile, and adolescent idiopathic scoliosis

Infantile Juvenile Adolescent
Age at presentation Birth to 3 years 4–9 years 10–18 years
Male:Female 1:1 1:3 1:6
Incidence (%) <1 12–15 90
Associated findings Mental deficiency, congenital heart defects, 

congenital hip dysplasia, plagiocephaly
None None

Risk of 
cardiopulmonary 
compromise

High Intermediate Low

Risk of curve 
progression

<6 months: low
>1 year: high

60–95% 10–20%

Possibility of curve 
resolution

<1 year: 90%
>1 year: 20%

20% Rare

Neural axis 
abnormalities

Yes (20%) Yes (20%) No

Surgical intervention Yes, often an early surgical intervention in 
patients with rapidly progressive curves; 
high morbidity

Yes, in almost 95% of 
progressive curves

Uncommon, in 
0.1% patients
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NMS occurs in association with various neu-
ropathic, myopathic, or connective tissue sys-
tems disorders; the most common conditions are 
cerebral palsy (CP), Duchenne muscular dystro-
phy (DMD), and spinal muscular atrophy. CP is 
characterized by a static, upper motor neuron 
lesion caused by an anoxic cerebral injury; its 
clinical manifestations range from normal cog-
nition and minimal neurological deficits to 
severe mental retardation and spastic quadripa-
resis. Scoliosis affects nearly 25% of patients 
with CP [17]. Its severity correlates with the 
extent of their neurological impairment and 
functional decline, and approximately 66% of 
nonambulatory CP patients develop NMS [17]. 
DMD is a progressive myopathic, sex linked 
recessive disorder in which deficiency of “dys-
trophin” leads to gradual deterioration of the 
muscular system; cardiac, pulmonary, hemato-
logical, and gastrointestinal systems are also 
commonly involved.

CS occurs in approximately 1 of every 1000 
live births as a result of vertebral or costal anom-
alies such as hemivertebrae, fused vertebrae, or 
fused ribs [7, 11]. Concomitant congenital anom-
alies especially those involving the cardiac (ven-
tricular septal defect, patent ductus arteriosus, 
Tetralogy of Fallot), genitourinary system and 
neurological systems are also often present; 
occasionally, it may be part of a syndrome, e.g., 
Marfan, Rett, Klippel–Feil syndrome, osteogen-
esis imperfecta [7, 18].

Question 4:
How is IS classified?

Answer:
There are several categorization systems for IS; 
the International Scientific Society on Scoliosis 
Orthopaedic and Rehabilitation Treatment 
(SOSORT) endorses three classifications, which 
have a prognostic relevance: chronological, 
angular, and topographic (Table 22.3) [4].

The chronological classification is based on 
the age at diagnosis and categorizes IS into IIS, 
JS, and AIS.

In the topographic classification, the curves 
are described on the basis of their anatomical site 
(cervical, cervicothoracic, thoracic, thoracolum-

bar, lumbar), direction of their convexity (right or 
left), and location of their apical vertebra.

The angular classification is based on extent 
of the Cobb angle and grades IS into six catego-
ries ranging from low (<20°) to very severe 
(>55°). This classification not only provides a 
very good estimate of the severity of scoliosis, its 
likelihood of progression, and the risk of cardio-
pulmonary compromise, but also plays a very 
critical role in the treatment decisions for patients 
with IS.

Another age classification (Dickson and 
Archer classification) classifies IS into early 
onset scoliosis (EOS; patient age less than 5 years 
at presentation) and late onset scoliosis (children 
older than 5 years at presentation). It is based on 
the logic that curves which develop beyond 
5 years of age are less likely to affect the pulmo-
nary function; IIS and JIS are placed into one 

Table 22.3 Common classification systems for idio-
pathic scoliosis

Chronological classification
Scoliosis research society classification
Infantile 0–3 years
Juvenile 4–9 years
Adolescent 10–18 years
Adult >18 years
Dickson and Archer classification
  Early onset scoliosis: Onset at <5 years of age
  Late onset scoliosis: Onset at >5 years of age
Topographic classification
Anatomical site of curve Location of curve apex
Cervical Disc C6–C7
Cervico-thoracic C7–T1
Thoracic Disc T1–T2 T11–T12
Thoracolumbar T12–L1
Lumbar Disc L1–L2
Angular classification
Cobb angle (degrees) Classification of severity
<20 Low
21–35 Moderate
36–40 Moderate–Severe
41–50 Severe
51–55 Severe to very severe
>55 Very severe
Other classifications
  Lenke classification
  3D classifications
  Rigo classification
  King and Moe classification
  Ponseti and Friedman classification
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category in this classification (though both may 
have a different prognosis) [19].

The Lenke classification is a complex classifi-
cation system, which incorporates several objec-
tive criteria pertaining to the coronal and sagittal 
plane deformity and provides useful information 
for the surgeons regarding the appropriate surgi-
cal approach and the extent of instrumentation. In 
addition to six types of curves (I–VI), this clas-
sification also includes a lumbar curve modifier 
(A, B, or C; based on the central sacral vertical 
line) and a thoracic sagittal modifier (hypo-/
hyper- or normokyphotic, based on the degree of 
kyphosis) [4, 20].

In addition, several 3D classifications have 
also been proposed recently; however, the most 
useful one in clinical practice is not yet defined.

Question 5:
What is the etio-pathogenesis of IS?

Answer:
While several plausible mechanisms have been 
proposed, a precise understanding of the etiology 
of IS still remains elusive. Given that a strong posi-
tive family history is often present and several 
potential genetic loci have also been identified, it 
is highly likely that it has a strong genetic compo-
nent, with possibly a complex polygenic inheri-
tance pattern [21, 22]. In addition, several other 
mechanisms such as hormonal theories (distur-
bance of growth hormone or estrogen, or melato-
nin deficiency due to altered calmodulin levels), 
connective tissue abnormality (collagen abnormal-
ities in IV discs due to defects in mucopolysac-
charide and lipoprotein synthesis), growth disorder 
theories (disorganized skeletal growth), and neu-
romuscular theories (primary muscle disorder) 
have also been implicated in its development [22, 
23]. The pathophysiology of IS is also not very 
well established; the observation that curves tend 
to progress during periods of rapid growth appears 
to support a biomechanical contribution.

Hence, according to the current understand-
ing, IS is most likely a multifactorial disorder 
which results from a complex interaction between 
genetic predisposing factors, the growth pro-
cesses, and the patient’s environment [4, 22, 23].

Question 6:
What is the natural history of IS?

Answer:
The behavior of curves in IS typically reflects 
the growth pattern of children. The curves prog-
ress rapidly during infancy (birth to 3–4 years) 
and adolescence (periods associated with rapid 
skeletal growth); their progression becomes slow 
during childhood and after attainment of skeletal 
maturity (or onset of menarche in girls) [4]. 
Since this pattern is observed in other types of 
scoliosis also, it appears to be independent of the 
etiology of IS.

The rate of curve progression is most marked 
during the adolescent growth spurt; during this 
“curve acceleration phase,” the curves signifi-
cantly change their behavior and separate into 
rapid, moderate, or slowly progressive curves. 
Rapidly progressive curves progress at an aver-
age rate of 1.6° per month and can reach a curve 
magnitude of 60° (rapidly progressive scolio-
sis); moderately progressive curves can grow 
up to 40–60°; curves with a low progression 
rate usually do not reach 40°. Among girls, the 
curves progress most rapidly during the peak 
height velocity (approximately 6 months before 
menarche).

The rate of curve progression decelerates 
gradually after attainment of maturity (or men-
arche); smaller curves (less than 30°) usually sta-
bilize, those greater than 30° may continue to 
progress, but curves greater than 50°, especially 
thoracic curves, almost certainly continue to 
progress into adulthood [3, 24, 25].

If left untreated, the altered spinal mechanics 
and degenerative changes that develop as a con-
sequence of the progressive osseous deformity 
lead to truncal decompensation, decreased spinal 
mobility, back pain, progressive functional 
 limitation, and neurologic compromise [4]. 
Furthermore, the detrimental effect of the defor-
mity on respiratory mechanics, gas exchange, 
and pulmonary vasculature predisposes to the 
development of respiratory failure and cor pul-
monale in patients with very severe scoliosis 
[26]. The overall morbidity and mortality is 
strongly influenced by the type of IS, rate of 
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curve progression (at least 5° increase in the 
Cobb angle between two consecutive examina-
tions, which are three to 6 months apart), and the 
genetic background of the patients [4, 19].

While the curves in AIS do progress and result 
in a surface deformity with cosmetic concerns 
and a slightly increased prevalence of low back 
pain, but the overall consequences over a lifetime 
are usually minimal, occasionally moderate, and 
very rarely, life-threatening. Nearly 10% and 
0.1% of the children require some form of treat-
ment and an operative intervention, respectively 
[8, 12, 27]. Generally, female gender, a larger 
curvature at presentation (>30°), lesser maturity 
(younger age at presentation, premenarchal, 
higher amount of remaining skeletal growth), 
thoracic curves, and thoracic dominant double 
curves are associated with a higher likelihood of 
curve progression; skeletally immature children 
with thoracic curves are the most vulnerable, 
with a 58–100% risk for curve progression [1, 9, 
19, 28–31].

Unlike AIS, almost 95% of juvenile curves are 
progressive; while curve progression can be tem-
porarily stabilized with conservative manage-
ment, a high proportion of children with JIS 
(approximately 64%) ultimately require an oper-
ative intervention [13].

Infantile curves can either resolve spontane-
ously or may be progressive. Progressive IIS has 
the worst prognosis, with a high mortality rate 
due to the cardiopulmonary compromise and 
hence an early operative intervention is usually 
required. Features suggestive of progressive IIS 
include large curves (greater than 60°), double 
curves, a rib vertebral angle difference at the api-
cal vertebra greater than 20° (difference of the 
angle between the rib and its corresponding VB), 
or a phase II rib (rib head overlaps the VB, due to 
spinal rotation) [16, 19, 32].

Question 7:
How does natural history of NMS and CS differ 
from IS?

Answer:
Generally, both NMS and CS are associated with 
a higher likelihood of curve progression, severe 
cardiopulmonary compromise and consequently, 
earlier surgical intervention than AIS [33].

In addition to the age-related curve progres-
sion, the natural history of NMS and its overall 
consequences are also highly influenced by the 
pathophysiology of the underlying neuromuscu-
lar condition (Table  22.4). The curves in NMS 
are usually large and stiff and are often associated 

Table 22.4 Pertinent anesthetic considerations in patients with neuromuscular scoliosis

Scoliotic deformity:
  Usually an early onset of scoliosis
  Large, stiff, curves which continue to progress after skeletal maturity
  Concomitant kyphosis often present
Comorbidities
  Severe, progressive cardiorespiratory dysfunction; respiratory failure usually by second decade of life (DMD); 

many patients on NIPPV, preoperatively
  High incidence of dilated cardiomyopathy in DMD patients [arrhythmias (patients may be on a pacemaker), 

ventricular dilatation, congestive cardiac failure]
  Seizures in approximately 30% of patients with CP
   Gastroesophageal disorders (especially in CP patients): gastroesophageal reflux disorder, hiatal hernia; and poor 

oropharyngeal control
  Poor nutritional status
  Increased bleeding risk:
  Deficiency of coagulation factors (impaired production of Vitamin K dependent factors due to malnutrition); 

platelet dysfunction
  DMD: vascular pathophysiological changes (vascular smooth muscle dysfunction and increased fibrinolysis due 

to leakage of muscle components secondary to muscle degeneration), osteopenia (impaired production of 
Vitamin K dependent factors due to the poor nutritional status; platelet function deficiency)

(continued)
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Table 22.4 (continued)

  CP: Drug induced osteopenia (valproate, eptoin), platelet dysfunction (valproate), von Willebrand factor type 1 
deficiency (valproate)

Surgery
  Usually performed at much lower curve magnitude as compared with idiopathic scoliosis, especially in patients 

with underlying cardiac and pulmonary dysfunction in order to improve the quality of life (maintain a straight 
spine to allow comfortable sitting and aid nursing care)

  Surgery stops curve progression, but does not prevent the progressive decline in respiratory function
  Most common procedure: Posterior spinal fusion; anterior/combined approach release reserved for very severe 

deformities
  Large and stiff complex curves may require an osteotomy
  Growing rod system, chest wall distraction system, growth modulation surgery may be required in children with 

progressive deformities
Perioperative risks
  Prolonged extensive surgery (larger, stiffer curves; greater need for vertebral osteotomy)
  Significantly increased risk of:
  Severe blood loss
  Iatrogenic neurological injury
  Surgical wound infections
  Postoperative pulmonary complications including pneumonia, respiratory failure, and prolonged mechanical 

ventilation
Preoperative evaluation
Special investigations:
  Pulmonary function tests
  Arterial blood gas analysis
  Polysomnography/overnight oximetry to detect nocturnal hypoventilation/sleep apnea (in patients with morning 

headaches, daytime somnolence)
  Stress echocardiography (exercise tolerance usually difficult to assess in wheelchair-dependent patients; resting 

echo normal study does not exclude significant pathology)
  Holter monitoring (if arrhythmias present on ECG)
  Serum albumin, transferrin; lymphocyte count (for assessment of nutritional status)
  Antiepileptic drug level (phenytoin, valproate)
  Consider CT lung volumes or a dynamic MRI (if PFT is not feasible)
  Consider radionuclide imaging, if echocardiography is not feasible
Other considerations:
  DMD patients on pacemaker for arrhythmias: ensure that pacemaker is working properly
  CP patients with vagal nerve stimulation for seizure treatment: ensure proper working of the stimulator
  Latex allergy in CP patients (due to multiple surgical exposures)
  Poor vascular access due to deformities and contractures, multiple surgeries, prolonged ICU stays
  Potential for malignant hyperthermia like syndrome in patients with DMD on exposure to succinylcholine or 

inhalational agents; features: hyperkalemia, rhabdomyolysis, and cardiac arrest usually in absence of signs of 
hypermetabolism seen in MH

  Specialist consultations: cardiologist, pulmonologist, gastroenterologist, nutritionist; physiotherapist
  Surgery contraindicated in DMD patients if LVEF <50%, FVC <25%
  MEP monitoring contraindicated/used with caution in epileptic patients
 Prudent to postpone the surgery, if the anitepileptic drug levels are in the subnormal range
  Antiepileptic drugs (phenytoin, valproate): altered anesthetic drug metabolism

DMD Duchenne muscular dystrophy, CP cerebral palsy, NIPPV non-invasive positive-pressure ventilation, PFT pulmo-
nary function test, ECG electrocardiogram, MRI magnetic resonance imaging, ICU intensive care unit, LVEF left 
ventricular ejection fraction, FVC forced vital capacity, MEP motor evoked potential
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with kyphosis. In DMD, the progressive muscle 
weakness usually begins by 3–4 years of age and 
typically results in wheel chair dependence by 
10–12 years of age. The scoliosis too manifests 
relatively early in life and progresses very rapidly 
once the patients become nonambulatory, espe-
cially during the adolescent growth spurt phase. 
Progressive imbalance due to the spasticity or 
muscle weakness often results in sweeping 
C-type or thoracolumbar curves, with consequent 
pelvic obliquity, truncal imbalance, and difficulty 
with wheelchair sitting and caregiving. 
Furthermore, while IS tends to stabilize after the 
patients have achieved skeletal maturity, the 
curves in DMD patients continue to progress 
with advancing age. Death usually occurs in the 
second decade as a result of significant respira-
tory compromise and/or due to development of 
cardiomyopathy; associated hematological and 
gastrointestinal dysfunction also contribute to the 
high morbidity associated with this condition 
(Table 22.4).

Patients with CP tend to be skeletally imma-
ture till late second or third decades of life and 
hence have a higher risk for curve progression 
than those with IS; specific factors which increase 
the risk for curve progression in these patients 
include thoracolumbar curves, skeletal immatu-
rity at presentation, nonambulatory patients, and 
a poor functional status [34, 35].

Besides the growth-related curve progression, 
the natural history of CS is determined by several 
other factors, especially the geometry and 
 location of the vertebral anomalies, and the 
 associated multisystemic congenital abnormali-
ties. Progression of scoliosis is negligible in 
patients with non-incarcerated hemivertebrae, 
but presence of hemivertebrae with a contralat-
eral bar and fully segmented non-incarcerated 
hemivertebrae is usually associated with a high 
risk of curve progression. Vertebral malforma-
tions greatly predispose to the development of 
restrictive lung disease and thoracic insufficiency 
syndrome (TISS).

Question 8:
How is the “the remaining skeletal growth poten-
tial” of child assessed? What is its relevance in 
scoliotic children?

Answer:
There are several radiological indicators for 
assessment of the skeletal maturity of a child; the 
most commonly used indicators are Risser sign, 
maturity of the ring apophyses (annular apophy-
ses), and closure of the triradiate cartilage of the 
pelvis.

The Risser staging assesses the extent of 
ossification of the iliac apophysis on a frontal 
plane radiograph (iliac apophysis is divided into 
four equal quadrants; ossification progresses 
from a lateral to medial direction). The Risser 
sign is graded from 0 to 5 (Risser 0: no evi-
dence of ossification; Risser 1, 2, 3, 4: 25%, 
50%, 75%, and 100% excursion, respectively; 
Risser 5: fusion of apophysis to the sacroiliac 
joint). Risser stages 0, 4, and 5 indicate skeletal 
immaturity, end of spinal growth, and full skel-
etal maturity, respectively. The risk for curve 
progression is as high as 70% if the Risser sign 
is 0 or 1 (due to significant remaining growth 
reserve), but declines to approximately 10% 
with a Risser sign of 3 [28].

Question 9:
What is the effect of the scoliotic deformity on 
the respiratory and cardiovascular function?

Answer:
Scoliosis affects the pulmonary function in sev-
eral ways; the most significant consequence is the 
development of a restrictive lung defect due to 
both a direct reduction in the chest wall compli-
ance which restricts normal inflation of lungs and 
an indirect decrease in the lung compliance 
which leads to reduced lung volumes. These 
changes manifest as a reduction in the total lung 
capacity (TLC), on pulmonary function testing 
(PFT).
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The functional biomechanics of the thoracic 
cage is impaired in scoliotic patients owing to 
several factors, including restricted rib move-
ments, decreased functional efficiency of inter-
costal respiratory muscles (suboptimal muscle 
stretch due to changes in intercostal spaces), and 
an increased mechanical dysfunction of dia-
phragm (torsion on diaphragm; decrease in its 
force generating capacity) [36, 37]. Consequently, 
the chest wall becomes stiffer, its compliance 
decreases, and the lung expansion becomes 
restricted. This decrease in chest wall compli-
ance correlates closely with the severity of the 
restrictive lung defect, and with the decrease in 
FVC.  These changes are more pronounced in 
patients with EOS and also in those with CS (due 
to vertebral anomalies and fused ribs) [37].

Several factors contribute to the decrease in 
lung volumes. “True lung hypoplasia” plays an 
important role in infantile, CS, NMS and possi-
bly, JIS. Children with IIS have a narrow, funnel- 
shaped, upper thoracic cage, which compresses 
the lungs and also interferes with their normal 
growth and development (most of the rapid alve-
olar multiplication and hypertrophy occurs till 
about 4 and 8 years of age, respectively) [26, 36, 
38]. Hence there is a high risk of developing tho-
racic insufficiency syndrome [(TISS); pulmonary 
failure due to inability of the thorax to support 
normal breathing and lung growth]. While chil-
dren with AIS also have a narrow rib cage that 
causes extrinsic lung compression, however, their 
lung parenchyma is almost fully developed 
before the onset of scoliosis, hence their respira-
tory impairment is less severe as compared to 
those with EOS, CS, or NMS [26, 36, 37].

Worsening of the scoliotic deformity also 
leads to an indirect decrease in the lung compli-
ance (progressive atelectasis and air trapping due 
to compression of lungs by the rib cage defor-
mity, reorientation of surface tension forces, and/
or alteration of elastic properties of lungs). 
Ultimately, regardless of the initial causative 
mechanisms, irreversible lung atrophy due to 
chronic hypoinflation and atelectasis leads to a 
further decline in lung volumes [36].

Besides the reduced inspiratory capacity, 
patients with significant scoliosis also have an 

ineffective ventilatory pattern which relies on an 
increased frequency of respiration (rather than an 
increase in tidal volume) and is achieved at the 
cost of extra work by the rib cage and abdominal 
expiratory muscles; this pattern is evident at rest, 
on exertion as well as during sleep. Consequently, 
the work of breathing increases significantly; 
respiratory muscle fatigue sets in over time and 
predisposes to the development of respiratory 
failure [26, 36]. Further, the significant difference 
between geometry of each hemithorax leads to 
asymmetrical alveolar ventilation (overventila-
tion on convex side and underventilation on con-
cave side of the curve), especially in children 
with severe CS and infantile thoracic scoliosis 
[26, 36].

The gas exchange becomes impaired in 
extremely severe scoliosis; chronic hypoxemia 
and hypercapnia occur due to the ventilation- 
perfusion mismatch, alveolar hypoventilation, 
increased dead space and alveolar shunting. This 
predisposes to the development of respiratory 
failure, elevated pulmonary vascular resistance 
(PVR), pulmonary hypertension (PHT), cor pul-
monale and eventually, right-ventricular failure 
(RVF) [26, 37, 39].

Though restrictive lung defects are most prev-
alent, obstructive lung disease with moderate to 
severe air trapping has also been observed in 
patients with severe scoliosis. Narrowing, rota-
tion, compression, and/or displacement of the 
trachea and mainstem bronchi can occur in 
patients with severe rotational deformity and 
hypo-kyphoscoliosis of the thoracic spine [26, 
36, 39]. Lower airway obstruction also develops 
as the disease worsens, possibly because of an 
increased bronchomotor tone (to compensate for 
the restricted chest wall movement and/or to 
resist compressive scoliotic forces) and/or due to 
airway hyper-responsiveness (chronic airway 
inflammation secondary to poor clearance of 
secretions); it usually responds to bronchodila-
tors [36, 39].

The altered thoracic geometry also leads to 
subtle changes in the position and functioning of 
the heart and large vessels, which restricts the 
increase in stroke volume that may be necessary 
during conditions of increased metabolic demand, 
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such as during exercise [26]. In addition, impaired 
myocardial diastolic function and structural car-
diac anomalies, especially mitral valve prolapse 
(MVP; in 25% of AIS patients) are also observed 
in patients with IS [40–42].

Question 10:
What are the factors that influence the extent of 
cardiorespiratory impairment in patients with IS?

Answer:
The severity of cardiorespiratory impairment in 
IS is largely linked to the age of onset of scoliosis 
(high risk of cardiopulmonary compromise in 
children with EOS), severity of the thoracic 
curve, number of vertebrae involved (7 or more), 
location of the curve in the proximal thoracic 
spine (more cephalad thoracic curves cause more 
severe lung compression), and the degree of tho-
racic hypo-kyphoscoliosis (thoracic kyphosis 
less than 10°) [26, 37, 43–46].

Significant respiratory impairment is rela-
tively uncommon in AIS patients, except in those 
with extremely severe scoliosis [7, 12, 47]. 
Generally, patients with an AIS and a Cobb angle 
<35° (mild to moderate scoliosis) do not experi-
ence any respiratory symptoms, apart from a 
decrease in their exercise capacity [26]. A reduc-
tion in the work capacity and ventilatory reserve 
may be observed when the Cobb angle exceeds 
40°; this is probably related to the generalized 
muscle dysfunction (particularly lower limb 
muscle dysfunction) often observed in patients 
with IS, rather than due to a ventilatory impair-
ment induced by the spinal deformity [48].

Lung function abnormalities are usually 
detectable on PFT, when the curves reach a Cobb 
angle of 50–60°, and may be fairly significant 
when they progress beyond 70° [36, 44]. 
Significant pulmonary symptoms, such as dys-
pnea, inability to cough or clear secretions, usu-
ally appear when the thoracic curves exceed 
65–80° [26]. Curvatures greater than 100° are 
associated with significant alveolar hypoventila-
tion and arteriovenous shunting. Patients with 
curves more than 120° have a high risk of devel-
oping irreversible respiratory failure and cor pul-
monale [3, 36, 42].

Question 11:
What are the common findings on PFT and arterial 
blood gas (ABG) analysis in patients with AIS?

Answer:
The PFT findings usually indicate a restrictive lung 
defect. The vital capacity (VC), FVC, and FEV1 are 
decreased; FEV1/FVC ratio is usually normal 
(unless there is coexisting obstructive airway dis-
ease). There is an inverse (though not linear) rela-
tionship between the severity of the curve and the 
decrease in the FVC as well as FEV1 [3, 37, 45, 49].

The TLC, functional residual capacity, inspi-
ratory capacity, and expiratory reserve volume 
are also decreased. Residual volume (RV) is gen-
erally maintained; however, it may decline 
slightly in severe scoliosis. Due to the relative 
decrease in TLC, the RV/TLC ratio is increased. 
(due to incomplete exhalation because of expira-
tory respiratory muscle dysfunction, and/or due 
to lower airway obstruction) [26].

Maximum inspiratory pressure is decreased 
and its fall to less than 30 cmH2O indicates a high 
likelihood of respiratory insufficiency and a need 
for prolonged ventilator support postoperatively. 
Maximum expiratory pressure is normal or may 
be low. Expiratory flow rates are decreased pro-
portionally to the restricted lung volume [7].

Curves greater than 35° may cause mild hypox-
emia (presumptively due to ventilation- perfusion 
mismatch) with normocapnia. Hypercapnia is 
generally observed when the curves exceed 100°.

Question 12
Why do patients with NMS develop severe respi-
ratory failure and significant cardiovascular 
decompensation at an earlier age and at a much 
lesser curve magnitude, than those with AIS?

Answer:
Besides the scoliotic deformity, patients with 
DMD have progressive respiratory muscle weak-
ness (due to the underlying muscular dystrophy), 
which starts in early infancy and results in a 
greater distortion of the relatively compliant tho-
racic cage, and consequently, a higher reduction 
in the chest wall compliance, and a more severe 
“true lung hypoplasia.”
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Further, while patients with IS can maintain a 
relatively adequate ventilation (albeit with a sig-
nificantly increased work of breathing), patients 
with DMD are unable to do so because of their 
primary myopathy; this leads to an earlier and a 
more severe development of lung atelectasis.

In addition, abnormalities in the central respi-
ratory drive, nocturnal hypoventilation, frequent 
respiratory infections, upper airway obstruction, 
poor cough reflexes, inability to clear secretions, 
and pulmonary fibrosis due to the recurrent pul-
monary aspiration further aggravate the increased 
respiratory morbidity. Reactive airway disease is 
also fairly common in children with CP.

These changes lead to a steady deterioration in 
their respiratory function throughout life, with an 
average decrease in the vital capacity (VC) by 
about 4% every year and a further 4% reduction 
for every 10% increase in the Cobb angle [50]. 
Patients with curves that exceed 35% usually have 
less than 40% of the predicted VC [51]. Though 
the risk of mortality remains high, use of non-
invasive positive-pressure ventilation (NIPPV) 
has been reported to significantly improve their 
survival; initially, NIPPV may be required only 
during sleep, but as the disease gradually wors-
ens, daytime use also becomes necessary.

More than 90% patients with DMD have clini-
cal or subclinical cardiac dysfunction. Dilated 
cardiomyopathy (fibrosis of posterior basal and 
lateral wall of left ventricle) develops in more 
than 50% patients, usually after 10 years of age; 
by 15 years of age, the ejection fraction may be 
lower than <45% [52]. The cardiomyopathy pre-
disposes to occurrence of arrhythmias, ventricu-
lar dilatation, and congestive cardiac failure, and 
may also result in mortality in 10% of the patients 
[53]. Patients with CP are also at risk of develop-
ing RVF as a result of the increased PVR and 
PHT due to the chronic hypoxia.

22.2  Surgery-Related 
Considerations

Treatment recommendations for AIS (obser-
vation, physiotherapy, bracing, surgery) are 
largely driven by the curve magnitude and 

rate of curve progression. Surgery is usually 
indicated when the Cobb angle exceeds 50°; its 
aim is to correct and limit further progression 
of the deformity, restore the truncal balance, 
improve cosmesis and reduce the risk of car-
diopulmonary complications later in life [4, 
11]. The surgery usually involves an instru-
mented fusion of the spine and occasionally, a 
thoracoplasty.

Question 13:
What are the various surgical approaches through 
which this surgery can be performed? Which is 
the most commonly used approach?

Answer:
Surgery for correction of the scoliotic deformity 
can be performed through an anterior, posterior, 
or a combined anterior-posterior approach; the 
choice of approach is usually determined by the 
type of curve, degree of spinal flexibility, and 
preference of the surgeon.

Anterior approach: The anterior approach 
(standard open thoracotomy or thoracoscopic) is 
performed with the patient placed in the lateral 
decubitus position and is particularly useful for 
correction of stiff thoracic curves. However, it 
involves violation of the thoracic cavity and 
quite often requires use of one lung ventilation 
(OLV) (for selective collapse of the lung on the 
operative side) to facilitate access to the thoracic 
spine.

The standard open thoracotomy is performed 
through a large lateral skin incision on the flank 
and entails removal of portion of a rib, opening of 
the pleura, and placement of a postoperative 
chest drain. This approach is associated with a 
significant decline in postoperative pulmonary 
function and an increased risk of pulmonary 
complications including pneumonia, lobar col-
lapse, pleural effusion, atelectasis, and prolonged 
ventilatory support [1]. Other potential complica-
tions include injury to heart, lungs, pleura, dia-
phragm, major vessels, and thoracic duct; spinal 
cord ischemia due inadvertent injury to the artery 
of Adamkiewicz (in left sided approach); and 
postoperative flank pain and scarring.
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Video assisted thoracoscopy (VATS) is 
increasingly being used as an alternative to the 
traditional open thoracotomy. It is less invasive, 
poses fewer problems with pain and altered 
pulmonary function, and also requires a shorter 
hospital stay, but the extent of curve correction 
achieved is probably inferior, compared to the 
traditional approach [1, 54, 55]. Moreover, the 
smaller incision sometimes makes complications 
more difficult to manage; an inadvertent entry 
into a large blood vessel or a viscera may neces-
sitate a rapid conversion to an open thoracotomy.

Posterior approach: The posterior approach 
(dorsal midline) surgery is performed with the 
patient placed in the prone position and relies on 
use of segmental thoracic pedicle screw and rod 
constructs to provide a robust three-column 
control of each vertebra. Its results are reported 
to be superior to the anterior approach surgery 
(higher fusion rates, superior curve correction, 
and better rib hump reduction) [19, 56]. 
Moreover, it is technically easier, does not 
require violation of the thoracic cavity or use of 
OLV and is associated with a lower complica-
tion rate, better preservation of pulmonary func-
tion, lesser risk of neurovascular compromise, 
and a shorter hospital stay, as compared with the 
anterior approach. Given these advantages, it is 
presently the preferred approach for manage-
ment of majority of the scoliotic curves (with 
adequate flexibility), including most of the com-
plex thoracic curves [56, 57].

Combined anterior and posterior 
approach: While the posterior only approach 
provides satisfactory results for most of the 
scoliotic curves, however a combined anterior- 
posterior approach may occasionally be neces-
sary for correction of large curves (Cobb angle 
>70–80°), excessively rigid curves (usually not 
bending less than 50°), large thoracic curves with 
severe kyphosis, and for prevention of crankshaft 
phenomenon in skeletally immature adolescents 
[58, 59]. It involves an anterior release (usually 
including diskectomy and bone grafting) through 
an open or endoscopic approach, followed by a 
staged or same-day, posterior segmental instru-

mentation and fusion. Being technically more 
complex, it is associated with much greater blood 
loss and a higher incidence of complications than 
the anterior or posterior approach (reported inci-
dence of postoperative complications with pos-
terior, anterior, and combined approaches: 6.7%, 
10.0%, and 19.8%, respectively) [60].

This patient has been advised to undergo 
a posterior spinal fusion (PSF) with pedicle 
screw fixation from T4 to T12 vertebrae, in 
view of his very severe (>55° Cobb angle), rap-
idly progressive, thoracic AIS, along with pres-
ence of factors that indicate a high likelihood 
of curve progression (large thoracic curve, sig-
nificant remaining growth potential).

Question 14:
What are the pertinent steps of a PSF procedure, 
and what are their implications for the 
neuroanesthetist?

Answer:
The surgery is typically an extensive multi-level 
procedure, in which rods (most common instru-
mentation device) are anchored to the vertebral 
column (VC), by screws placed in the pedicles, in 
order to stabilize the spine, allow early postoper-
ative mobilization, and facilitate a faster bony 
fusion. The surgery is broadly divided into four 
steps: spine exposure; anchor placement; instru-
mentation and deformity correction; arthrodesis 
and closure.

Exposure of the spine: A midline longitudinal 
skin incision is made over the spine, and the dis-
section is extended down through the dermis, 
subdermal adipose tissue, to the supraspinous 
ligament and spinous processes. Subperiosteal 
dissection is performed bilaterally at each level, 
along the spinous processes, laminae, and out to 
the tips of the transverse processes. The spinous 
processes are harvested, and laminae and trans-
verse processes are decorticated to prepare the 
fusion bed; and generous facetectomies are per-
formed at the levels that are to be fused [57]. This 
soft tissue dissection and bone decortication can 
result in considerable blood loss. Sometimes, 
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additional complex interventions such as Pontes/
Smith-Peterson osteotomy, pedicle subtraction 
osteotomy, or vertebral column resection may 
also be necessary in patients with very severe, 
rigid curves (especially in patients with CS, 
NMS) or for correction of severe focal kyphosco-
liosis. While these techniques are expected to 
improve the spinal mobility, they are also associ-
ated with a markedly increased risk of complica-
tions, including severe bleeding, iatrogenic 
neurological injury, and dural tears [56, 60, 61].

The surgeons take several measures to mini-
mize the vascular oozing and improve the hemo-
stasis during this stage of the surgery; these 
include avoidance of extraperiosteal dissection 
into paraspinal musculature; epinephrine infiltra-
tion in intradermal and subcutaneous tissues; use 
of an ultrasonic bone scalpel for performing the 
facetectomy and posterior column osteotomy; 
use of electrocautery/bipolar sealers, collagen 
shrinkers, or other hemostatic sponge agents; and 
placement of packing at each levels [62]. Use of 
controlled hypotension further helps to decrease 
the blood loss during this stage of the surgery.

Anchor fixation (bilateral segmental transpe-
dicular thoracic screw fixation): During this 
stage, pedicle screws are inserted into the can-
cellous bone of the VBs (“safe area”: just lateral 
to the middle aspect of superior facet) on the 
convex side of the curve, under CT or fluoros-
copy guidance or by the free hand technique. 
Prior to the screw insertion, a probe is passed 
through a tract created by a gear shift into the 
cancellous bone in order to determine the length 
of the screw and also to ensure that the walls of 
the pedicle are intact. Insertion of the screws is 
associated with several risks including severe 
blood loss (bloodiest step of PSF), iatrogenic 
neurological injury, and dural tears [62]. An 
improperly positioned screw can breach the 
medial or inferior pedicle wall to impinge on the 
exiting nerve roots; anterior penetration of screw 
through the VB body cortex in the thoracic 
region can result in injury to the thoracic aorta 
[62]. Hence, recent consensus guidelines recom-
mend use of intraoperative neurophysiological 
monitoring [IONM; motor evoked potentials 

(MEPs) and electromyography (EMG)] during 
and after placement of the pedicle screws to aid 
in avoidance or early detection of nerve root 
injury [57, 63].

Instrumentation and deformity correc-
tion: During this stage, two contoured or adjust-
able stainless steel rods are placed along the 
concavity of the curve (for hypokyphotic or nor-
mokyphotic sagittal alignment) to distract and 
straighten the spine. These rods are attached and 
tightened onto the pedicle screws, and then 
rotated in a 90° derotation maneuver, to correct 
the frontal and sagittal alignment and improve 
the spinal stability; a convex rod may also be 
placed to reduce the axial rotation. After satisfac-
tory alignment is achieved, the locking bolts are 
finally tightened, and a final fluoroscopy is per-
formed to check the correction as well as to 
exclude the possibility of an inadvertent 
pneumothorax.

This stage is associated with a high risk for 
neurophysiologic compromise; stretching of the 
cord predisposes to arterial spasm, and conse-
quently, an ischemic neurological injury; even a 
minor change in the spinal alignment during dis-
traction of the vertebral elements can result in a 
neurological deficit due to stress on the cord. 
IONM [somatosensory evoked potentials 
(SSEPs) & MEPs] is used to determine the safe 
extent of distraction of the spine; spinal cord pro-
tection measures are implemented to help pre-
serve the neurological integrity during this phase 
of the surgery.

Arthrodesis and closure: In this stage, autolo-
gous bone graft (taken during decortication/har-
vested from the iliac crest/rib if thoracoplasty is 
being performed) is packed over the raw decorti-
cated surfaces to promote spinal fusion; deep fas-
cia and skin are closed in layers after performing 
a thorough irrigation.

Question 15:
Thoracoplasty may occasionally be performed in 
conjunction with a PSF, for reducing the rib 
hump deformity. What are its potential implica-
tions for the neuroanesthetist?
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Answer:
Since thoracoplasty typically involves excision 
of prominent rib sections on the convex side of 
the thoracic deformity (from posterior axillary 
line to the junction with the transverse process), it 
can lead to severe pain in the rib area and a sig-
nificant decline in the pulmonary function in the 
postoperative period; there is also a risk of inad-
vertent pleural injury. This procedure is typically 
not recommended if the preoperative FVC of the 
patient is less than 60% of predicted values.

22.3  Anesthetic Considerations

Question 16:
Enumerate the pertinent anesthetic consider-
ations for management of AIS patients undergo-
ing a multilevel PSF?

Answer:
Most AIS patients are healthy and have an accept-
able functional status (except those with cardio-
respiratory compromise due to extremely severe 
scoliosis); however, the surgeries are invariably 
complex, usually involve at least 6–8 vertebral 
levels and often last for several hours. The spe-
cific anesthetic concerns that may arise during 
the PSF are listed below.

• Major blood loss with risks of hemodynamic 
instability, increased blood transfusion require-
ment, coagulation disturbances, cardiopulmo-
nary and renal dysfunction, infection, and 
postoperative mechanical ventilation.

• Risk of iatrogenic neurological injury.
• Provision of optimal conditions for IONM.
• Complications related to use of prone 

position.
• Risk of postoperative pulmonary dysfunction 

and an increase in the incidence of postopera-
tive pulmonary complications (PPCs) includ-
ing the need for prolonged ventilatory support 
(especially in patients with severe preopera-
tive respiratory dysfunction).

• Risk of hypothermia.
• Risk of infection, especially surgical site 

infection (SSI).

Question 17:
What is the risk of major blood loss and transfu-
sion requirements during the surgery?

Answer:
Various studies have evaluated the risk factors for 
major blood loss during corrective surgeries for 
IS; important factors include severity of the curve 
(>8 spinal levels), number of vertebrae to be 
fused (>6), hyper-kyphosis, surgical approach 
(combined and posterior approaches), prolonged 
duration of surgery, osteotomy and bone graft 
size, intraoperative mean arterial pressure 
(MAP), preoperative hematocrit and coagulation 
status, male gender, and a low BMI [64–66].

PSF results in greater blood loss as compared 
with ASF (PSF:275–907 mL; ASF: 323–171 mL), 
most likely due to the larger surgical exposure of 
the highly vascular paraspinal muscles, together 
with engorgement of the vertebral venous plex-
uses in the prone position; blood loss during 
combined approaches is even higher (821–
1277 mL) [62, 64].

According to an analysis of a large Nationwide 
Inpatient Sample (NIS) database, by Yoshihara 
et.al, the incidence of autologous blood transfu-
sion (ALBT) during spinal fusion procedures for 
children with IS was approximately 30%; chil-
dren undergoing a posterior or combined 
approach surgery, fusion of nine or more spinal 
levels, and/or those with a Elixhauser comorbid-
ity score >4 (most common comorbidities: 
chronic pulmonary disease, anemia, fluid and 
electrolyte disorder) were at an increased risk of 
receiving an ALBT [67, 68]. In another retro-
spective analysis by Kim et.al, a massive transfu-
sion was deemed necessary in 9.7% of AIS 
patients undergoing PSF and was also associated 
with a poorer clinical outcome; the risk of a mas-
sive transfusion was higher in patients with a low 
BMI, higher number of fused vertebrae and 
Lenke type 4 curves [69].

Hence on basis of the abovementioned consid-
erations, this patient has a significant risk of 
increased perioperative blood loss and transfu-
sion [male gender, severe curve (T1–L2 vertebra, 
57° Cobb angle) posterior approach surgery, spi-
nal fusion of nine vertebral levels].
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Question 18:
What is the risk of neurological injury during the 
surgery?

Answer:
Neurological injury (injury to nerve roots, spinal 
cord, peripheral nerves), though relatively uncom-
mon [incidence of new neurologic deficits (NND) 
during PSF and combined approach surgery for 
AIS: 0.3% and 1.2%, respectively], is the most 
feared complication of scoliosis correction surger-
ies [70]. Risk factors for neurological injury include 
correction of curves that are large (Cobb angle 
>90°) or associated with significant kyphosis or 
require a vertebral osteotomy; revision surgeries; 
and combined surgical approaches [7, 11, 33].

The injury can occur due to direct mechanical 
trauma by the surgical implant, instrument, or 
bony structure, or indirectly as result of spinal 
cord ischemia. The ischemia can result from sev-
eral mechanisms including excessive distraction 
of the SC or compression of blood vessels during 
a deformity correction maneuver; diminished per-
fusion due to intraoperative hypotension; inter-
ruption of radicular blood flow due to accidental 
ligation or damage to the vessel; or secondary to 
development of an epidural hematoma [71, 72].

Concomitant hypotension, significant hemor-
rhage, anemia, hypoxia, or hypothermia further 
worsen the neurological injury [70, 73, 74]. The 
thoracic SC is particularly vulnerable to ischemic 
injury because of several reasons, including its 
overall lower blood supply as compared to the 
cervical and lumbosacral cord; relatively scarcity 
of anterior radicular arteries in the midthoracic 
region; and presence of a “watershed zone” at the 
union of anterior spinal artery and anterior radic-
ular arteries.

Question 19:
Why is important to be extremely careful while 
positioning these patients for PSF?

Answer:
These anesthetized patients are placed in the 
prone position for several hours during these 
extensive surgeries. This puts pressure on their 
soft tissues, which predisposes to development of 

local ischemic changes and in severe cases, even 
tissue necrosis of the weight bearing bony promi-
nences; pressure sores of the breast and genitalia 
are extremely common injuries. More serious 
complications such as cardiorespiratory compro-
mise, compression neuropraxia, and periopera-
tive visual loss (POVL) are often the consequences 
of improper positioning. Oropharyngeal and con-
junctival swelling due to venous congestion and 
interstitial edema in the dependent position; mac-
roglossia because of inadvertent protrusion of the 
tongue between the teeth; and cervical spine 
injury and carotid or vertebral artery occlusion 
(less common) while shifting the positions, have 
also been reported in the literature. Furthermore, 
hypotension, excessive blood loss, obesity, and 
presence of comorbidities further increase the 
likelihood of these complications.

Cardiorespiratory complications: Abdominal 
compression due to improper prone positioning 
raises the intra-abdominal pressure. This puts 
direct pressure on the inferior vena cava leading to 
peripheral venous pooling, a decrease in venous 
return and cardiac output as well as an increase in 
the surgical bleeding due to engorgement of the 
valve-less epidural and para-vertebral venous 
plexuses. The increased intra-abdominal pressure 
also has a detrimental effect on ventilation owing 
to the cephalad displacement of abdominal con-
tents, restriction of diaphragmatic movements, 
and increased airway pressures. Moreover, the 
increased thoracic pressure causes a decrease in 
the left ventricular volume, stroke volume, and a 
further reduction in the cardiac output, while rais-
ing the central venous pressure (CVP). Increased 
surgical blood loss in the setting of a suboptimal 
cardiac output markedly enhances the risk of 
intraoperative hypotension and organ hypoperfu-
sion especially acute kidney injury; catastrophic 
cardiovascular collapse due to obstruction of infe-
rior vena caval flow by improperly positioned 
supporting pads or operating table frame has been 
reported in the literature [75].

Compression neuropraxia: Peripheral neu-
ropathy occurs due to intraneural capillary 
ischemia, resulting from overstretching or 
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compression of a nerve due to an improperly 
positioned limb, in combination with a pro-
longed period of intraoperative hypotension 
[33, 72]. The brachial plexus is particularly 
vulnerable, as it not only traverses across 
three mobile bony structures (clavicle, first 
rib, humeral head) but is also fixed at the cer-
vical vertebrae and the axillary fascia [75]. 
Compression of the brachial plexus and sub-
clavian vessels (in the costo-clavicular space) 
and/or stretching of the plexus (across the 
coracoids process and glenohumeral joint) 
can occur with hyper-abduction of the shoul-
der (beyond 90°); the risk though is lower as 
compared with  hyper- abduction in the supine 
position, as reportedly, these positions have 
different effects on mobility of the shoulder 
and the brachial plexus [76].

Ulnar nerve injury may result from direct 
compression at the cubital tunnel (elbow) due to 
direct pressure by the arm boards, or because of 
excessive elbow flexion (>90°), or indirectly, 
because of ischemia, resulting from compression 
of the brachial artery (due to a malpositioned 
upper limb) [75]. Common peroneal N is vulner-
able to direct compression at the fibular head; lat-
eral femoral cutaneous N injury (Meralgia 
paresthetica) is related either to iliac crest bone 
harvesting or to anterior compression of the nerve 
by an improperly placed pelvic bolster, or resting 
pads of the spinal frame/table.

Ophthalmologic complications: POVL can 
occur due to several mechanisms, such as isch-
emic optic neuropathy (ION), central retinal 
artery occlusion (CRAO), and cortical blindness. 
ION is usually related to decreased oxygen deliv-
ery due to raised orbital venous pressures, during 
prolonged prone position surgeries; CRAO or 
horseshoe head rest syndrome occurs due to reti-
nal ischemia caused by a direct compression on 
the eye globe as a result of improper positioning 
of the head in the head support device (usually a 
horseshoe head rest). Cortical blindness is caused 
by decreased perfusion to the visual cortex of the 
occipital lobes in the brain, typically due to pro-
longed hypotension, hypoxia, cardiac arrest, or a 
thromboembolic event [75].

POVL is a relatively rare complication of 
pediatric scoliosis correction surgeries, with an 
estimated incidence of 0.16%, as per a retrospec-
tive analysis of large NIS database, by Ramos 
et al. [77] However, while ION and CRAO usu-
ally account for most of the cases of POVL 
observed in adults, cortical blindness was respon-
sible for all the cases of POVL in pediatric 
patients, in the abovementioned analysis [77]. A 
younger age, male gender, long segment fusions 
(eight or more spinal levels), anemia, and 
Medicaid as insurance were identified as inde-
pendent risk factors for occurrence of POVL in 
this study.

Question 20:
What is the potential risk of PPCs in this patient?

Answer:
Postoperative pulmonary dysfunction in AIS 
patients results from both their preexisting sco-
liosis related respiratory impairment (with 
curves >60%) as well as the surgery induced 
immobility, pain, and atelectasis; use of a surgi-
cal approach that involves violation of the chest 
wall (anterior thoracotomy, VATS posterior 
approach with thoracoplasty) further increases 
the risk [78, 79]. Lung volumes can decrease by 
up to 60% in the immediate postoperative period; 
FEV1 and FVC values are reported to be the 
lowest on the third postoperative day and can 
continue to remain significantly low for up to a 
week after the surgery [80]. It may take up to 
2–3 months for these values to return to the base-
line, or even longer (up to 2–3 years) if the surgi-
cal approach involves violation of the thorax. 
The posterior only approach is reported to have 
the least detrimental effect on the postoperative 
pulmonary function [44, 45, 56, 81].

PPCs such as atelectasis, bronchospasm, 
pneumonia, hemothorax, pneumothorax, pleural 
effusion, and respiratory failure necessitating 
prolonged mechanical ventilation are not uncom-
mon. The risk of postoperative respiratory failure 
with a need for prolonged mechanical ventilation 
is particularly high in patients with large scoliotic 
curves (>100°), and in those with severely 
deranged PFT values (preoperative FEV1 <40%, 
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FVC <30% (or less than 25 mL/kg body weight), 
VC <60%, inspiratory capacity <30  mL/kg, or 
TLC <60% of predicted values) [82].

This patient has normal respiratory parame-
ters, with a mild restrictive lung defect on spi-
rometry evaluation which highly precludes the 
likelihood of his developing respiratory failure in 
the postoperative period; however, concerns 
related to surgery induced hypoventilation and 
atelectasis are inevitable and merit appropriate 
attention.

Question 21:
What are the additional anesthetic concerns dur-
ing spinal fusion in patients with NMS or CS?

Answer:
Patients with NMS and CS have a much higher 
incidence of morbidity (higher blood loss, SSI, 
and PPCs including pneumonia, respiratory fail-
ure, and prolonged mechanical ventilation), mor-
tality, and new neurological deficits (NNDs) than 
those with IS [reported incidence of morbidity, 
mortality, NND—NMS: 17.9%, 0.3%,1.1%; CS: 
10.6%, 0.3%, 2%; IS: 6.3%, 0.02%, 0.8%, respec-
tively) [33]. Several factors contribute to their 
worse outcome: poor preoperative functional 
status (multiple systemic comorbidities and/or 
congenital anomalies; severe cardiopulmonary 
dysfunction, poor nutritional status); larger and 
stiffer curves which necessitate more prolonged 
and extensive surgeries (often involving osteoto-
mies or a combined approach) (Table 22.4).

The estimated blood loss during PSF for NMS 
ranges from 2000 to 3500 mL; DMD patients are 
at the highest risk, with the blood loss sometimes 
even exceeding their estimated blood volume [7, 
42, 83]. In addition to the inherent surgical tech-
nique related risk, several other DMD-related 
factors including osteopenia, vascular patho-
physiological changes, and coagulopathy exacer-
bate the perioperative blood loss in these patients 
[7, 42, 83].

Patients with CP are often on antiepileptic 
drugs for concomitant seizure disorders, which 
further increase their bleeding risk [84]. 
Moreover, malnourishment as a result of a high 
metabolic demand (due to frequent illness) as 

well as a suboptimal oral intake [due to gastro-
esophageal problems: gastroesophageal reflux 
disorder (GERD), hiatal hernia, poor oropharyn-
geal control] leads to an impaired production of 
Vitamin K dependent factors. The incidence of 
their postoperative complications correlates with 
the extent of their spinal deformity (Cobb angle 
>70°), medical problems, neurological impair-
ment, and nutritional status (weight for age below 
fifth percentile) [84, 85].

Patients with CS have a high incidence of 
intraspinal abnormalities (18–38% incidence) 
which greatly increases their risk for neurologi-
cal injury during the surgery [18, 86].

22.4  Preoperative Considerations

Question 22:
What are the specific considerations during the 
preoperative evaluation of patients with IS for 
PSF? Is a PFT, ABG analysis and echocardiog-
raphy necessary in all patients? What are the 
additional considerations for patients with NMS 
or CS?

Answer:
The preoperative evaluation (history of the 
patient and family, clinical examination, review 
of clinical records and investigations) focuses on 
identification of the patient-specific as well as 
surgery-related factors that can influence the 
perioperative course of the patients (Tables 22.5 
and 22.6). Pertinent considerations include an 
assessment of the type and severity of scoliosis; 
cardiopulmonary and neurological status of the 
patient; presence of comorbidities and/or con-
genital anomalies; presence of factors associated 
with an increased bleeding risk; and the details of 
the surgery. Important aspects of this evaluation 
are discussed below.

Since the curves in AIS are usually right sided, 
presence of a left sided curve should raise the 
suspicion for other underlying conditions and 
congenital anomalies.

A good exercise tolerance and absence of 
respiratory symptoms are generally good pre-
dictors of an acceptable cardiorespiratory 
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reserve and the patient’s ability to withstand the 
stress of a major operation; an adequate cough 
usually indicates a satisfactory forced expira-
tory volume [3].

The preoperative neurological assessment 
should be carefully documented as it serves as a 
baseline for identification of postoperative neuro-

logic deficits. Patients with AIS usually have a 
normal neurological examination. Signs such as a 
positive supine straight leg raise test  (impingement 
of a nerve root), abnormal gag reflex (underlying 
hindbrain anomaly, e.g., Arnold–Chiari malforma-
tion), asymmetrical or absent abdominal reflexes 
(intraspinal pathology, e.g., syringomyelia) are 

Table 22.5 Preanesthetic evaluation of patients with adolescent idiopathic scoliosis for posterior spinal fusion: perti-
nent considerations regarding history and clinical examination

Assessment of the type and severity of the scoliosis
  Age of onset of scoliosis
  Type of scoliosis: Idiopathic: adolescent/juvenile/infantile
  Anatomical site: cervical/cervicothoracic/thoracic/thoracolumbar/lumbar
  Direction of the curve: right/left sided
  Type of curve: single/double/major
  Number of vertebral levels involved
  Severity of the curve: Cobb angle, vertebral rotation
Pertinent surgical details
  Proposed surgical procedure
  Site, number of vertebral levels to be fused
  Surgical approach and position of the patient
  Anticipated surgical duration and blood loss
  Type of instrumentation planned
  Plan for osteotomy/vertebral column resection
Cardiopulmonary evaluation:
  History: baseline exercise tolerance (to assess the cardiopulmonary reserve), dyspnea on exertion, tachypnea, 

cough, wheezing
  Auscultation of lungs: Bilateral air entry (may be unequal and/or decreased in advanced scoliotic deformity); 

wheeze/crepitations (obstructive or parenchymal lung disease)
  Cardiac evaluation: Heart sounds (pulmonary hypertension: accentuation of pulmonic component of second heart 

sound (loud P2); cardiac murmurs; signs of right ventricular failure (engorged neck veins, hepatomegaly, lower 
extremity edema)

Neurological evaluation
  History: back pain, neurological deficits, gait problems, truncal imbalance
  Examination: graded strength testing of all extremities; assessment of dermatomal sensation, and vibratory and 

position sense (proprioception); deep tendon reflexes, clonus, Babinski reflex, abdominal reflexes; gag reflex; 
supine straight leg raise test

Evaluation of bleeding risk
  History of bleeding during prior surgical interventions/dental procedures; history of epistaxis, menorrhagia, 

hematuria, easy bruising
Presence of any congenital anomalies/comorbidities/increased bleeding risk
  Past medical history, including detailed birth history, developmental milestones (to rule out other causes of 

spinal deformity)
  Family history: scoliosis, other spinal deformities, major musculoskeletal conditions, bleeding disorders (family 

screened for any religious or cultural concerns regarding blood transfusion, i.e., Jehovah’s Witness)
History of medications/allergies
  Airway assessment
  Skin examination:
    Presence of lesions that may indicate other causes of scoliosis (e.g., hair patches, sinuses, dimples over lower 

back in neural tube defects; café au lait spots, axillary spotting subcutaneous nodules, and axillary freckles in 
neurofibromatosis)
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suggestive of an associated neurological problem; 
these patients are at increased risk for developing 
SC injury during the surgery and require an MRI 
scan of spine (and brain, if indicated) for further 
evaluation.

In addition to the routine investigations, spirom-
etry and a baseline SpO2 should be performed in all 
patients. The spirometry aids in determining the 
severity of the restrictive lung disease, identifying 
obstructive airway disease, and also in assessing 
the risk of PPCs [3]. The baseline oxygen satura-
tion SpO2 (in the supine position, breathing room 
air) provides a simple and effective method for 
evaluating the risk of PPCs [87]. A low preopera-
tive SpO2 is a significant independent risk factor for 
development of PPCs; the risk is reported to be 
twice as high if it is 91–95% as compared with 
SpO2 values greater than a >96%, and it increases 
tenfold with SpO2 values lower than 90% [87].

While the routine use of PFT is slightly con-
troversial, it is definitely indicated in patients 

who have EOS or a severe restrictive lung defect 
on spirometry evaluation. In addition, if routine 
spirometry testing reveals an obstructive airway 
disease (a decrease in FEV1/FVC ratio; or a 
decrease in forced expiratory flow (FEF 25–75%), 
then a bronchodilator should be administered to 
determine its reversibility.

An ABG analysis should be performed in 
patients with EOS, and in those who have a mark-
edly reduced VC on PFT. Additionally, a formal 
sleep study or at least an overnight oximetry may 
be considered in patients with very severe scolio-
sis (even if reasonably normal levels of oxyhe-
moglobin saturation are maintained when they 
are awake) [88].

An echocardiography is required in patients 
with EOS, extremely severe scoliosis (>100°), 
significant exercise intolerance, poor respiratory 
function (for evaluation of biventricular func-
tion), clinical or ECG signs of right heart failure 
[jugular vein distension, hepatomegaly, hepatic 

Table 22.6 Preanesthetic evaluation for deformity correction surgery in patients with scoliosis: routine and special 
investigations

Routine investigations Special investigationsa

Respiratory 
system

Plain chest radiograph
Spirometry
Baseline oxygen saturation

Pulmonary function tests (including bronchodilator 
reversibility)
Arterial blood gas analysis
Pulmonary diffusion capacity

Cardiovascular 
system

Electrocardiogram Echocardiography/dobutamine stress 
echocardiography

Blood tests Full blood count (hemoglobin, 
hematocrit, total and differential 
leucocyte count)
Coagulation profile (platelet count, 
prothrombin time-international 
normalized ratio, partial thromboplastin 
time, bleeding time)
Blood crossmatch
Blood sugar serum electrolytes

Liver function tests
Renal function tests

Radiological and 
other 
investigations

X-ray spine AP view
X-ray chest PA view

MRI spine scan (for detecting intraspinal 
abnormalities in children with CS)
Renal ultrasound (in children with CS)
Cervical spine radiograph series with lateral 
flexion and extension (to rule out instability 
cervical spine anomalies in CS as many syndromes 
are associated with difficult intubation)
Doppler ultrasound lower limbs
Polysomnography/overnight pulse oximetry (in 
patients with very severe scoliosis)

MRI magnetic resonance imaging, CS congenital scoliosis, EOS early onset scoliosis, AP anteroposterior, PA 
posteroanterior
aMay be indicated in children with EOS, CS, very severe AIS
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congestion, or lower extremity edema; ECG: 
right ventricular hypertrophy (right axis devia-
tion, large R in V1 and V2), right atrial enlarge-
ment (P wave >2.5  mm)], evidence of a 
cardiomyopathy, and for detection of MVP, con-
genital or valvular heart disease (if suspected).

Patients with cervical or upper thoracic scolio-
sis should undergo an X-ray cervical spine, to 
detect a potentially difficult airway.

Patients with NMS or CS merit a more exten-
sive evaluation; pertinent aspects are listed in 
Table 22.4.

Children with CS may require additional 
investigations, in accordance with their underly-
ing pathology or syndrome, especially for evalu-
ation of concomitant renal, cardiac, airway and 
intrathecal abnormalities (Table 22.5).

Question 23:
While this patient has an acceptable functional 
status (mild restrictive lung defect, no systemic 
comorbidities or congenital anomalies), however, 
several patients especially those with very sig-
nificant spinal deformity, EOS, NMS, or CS have 
a poor functional status and may not be able to 
tolerate the surgery well. What preoperative mea-
sures can be taken to optimize their condition, 
and reduce the perioperative morbidity?

Answer:
Preoperative optimization focuses on correction/
optimization of modifiable factors, such as car-
diopulmonary dysfunction, anemia, and poor 
nutritional status. An intensive multidisciplinary 
approach (pulmonologist, physiotherapist, nutri-
tionist, cardiologist, hematologist, anesthesiolo-
gist, spine surgeon) is vital and can result in a 
marked improvement in the clinical outcomes of 
these patients, including those with very severe 
pulmonary dysfunction (FVC <32%) [7, 89].

Optimization of the cardiopulmonary sta-
tus: Initiation of an incentive spirometry based 
respiratory care program (e.g., I COUGH) helps 
to improve the preoperative pulmonary function 
and decrease the rates of postoperative pneumo-
nia and unplanned re-intubation; it may be espe-

cially useful in patients with EOS, NMS and in 
those undergoing a thoracotomy. [87].

Reversible conditions such as asthma or respi-
ratory infection should be controlled with ste-
roids, bronchodilators, and antibiotics, as 
indicated.

An episode of a recent respiratory infection 
(within the last month) is associated a higher 
likelihood of developing a PPC; it may be pru-
dent to postpone the surgery for 4–6  weeks to 
allow full recovery [3].

Patients, who are on NIPPV, should be referred 
to a pulmonologist and physiotherapist, for opti-
mization of their respiratory condition. In addi-
tion, those who are likely to be transitioned to 
NIPPV [bi-level positive airway pressure 
(BIPAP)] in the postoperative period often bene-
fit from preoperative training in the use of BIPAP 
and mechanically assisted coughing (facilitates 
an earlier tracheal intubation with a smoother 
transition to NIPPV, postoperatively) [90].

Patients with NMS, CS and those with severe 
cardiopulmonary compromise due to IS and/or 
an MVP require a consultation with a cardiolo-
gist for further evaluation and optimization of 
their cardiac status.

Correction of anemia: Preexisting anemia 
(<10 mg %) is associated with an increased risk 
of postoperative pneumonia, increased length of 
hospital stay, and a higher mortality; hence it 
should be investigated and corrected, in consulta-
tion with the hematologist.

Treatment options for iron deficiency anemia 
include dietary supplements, such as folate, vita-
min B12, and iron therapy. Preoperative intrave-
nous iron supplementation replenishes the iron 
stores in 7–14  days and is a safe option for 
increasing the hematocrit; recombinant erythro-
poietin (ESA), though effective, is reported to be 
associated with an increased risk of deep vein 
thrombosis (DVT) [91].

Preoperative autologous blood donation may 
be considered; however, recent “consensus-based 
best practice guidelines” for perioperative man-
agement of blood loss recommend against its 
routine use during PSF for AIS because of reports 
of reduced blood loss as well as of significant 
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wastage of unused autologous donor units, dur-
ing these surgeries [92–94].

Nutritional optimization: Patients with CP 
require a preoperative evaluation of their 
 gastroesophageal problems and poor nutritional 
status. The GERD can worsen after the surgery and 
exacerbate their aspiration risk. A Nissen fundopli-
cation procedure should be considered prior to the 
scoliosis surgery, in patients with severe GERD not 
responsive to medical management, as it has been 
shown to result in a considerable reduction in their 
postoperative morbidity [95]. In addition, they may 
require aggressive measures for optimization of 
their nutritional status including insertion of a gas-
trostomy tube especially if they have a low plasma 
albumin (<3.5  g/dL) or lymphocyte levels 
(<1.5 × 103/μL); optimization of these parameters 
has been reported to lower the SSI rate and shorten 
their length of hospital stay [96, 97].

Question 24:
What are the other pertinent preoperative consid-
erations for scoliosis correction surgeries?

Answer:
In addition to the optimization measures, the pre-
operative preparation should also include psy-
chological preparation of the child and the 
parents. In particular, the process of intraopera-
tive wake-up test (if planned) should be explained 
as it helps to ameliorate the anxiety of the patients 
and also ensures their cooperation during the 
assessment. They should be assured that while 
they will be awakened briefly during the surgery 
and will be asked to respond to commands (e.g., 
move the feet or hands), they will neither feel 
pain nor remember being awake during surgery.

Planning for large volume hemorrhage is a 
vital component of preoperative planning. Blood 
should be cross matched and reserved; if indi-
cated, it should be available in the operating 
room, before commencement of the surgery [62]. 
Adequate quantities of other blood products [e.g., 
fresh frozen plasma (FFP), platelets, cryoprecipi-
tate, coagulation factors] should also be readily 
available, especially in patients with nonidio-
pathic scoliosis.

Patients with NMS may be on preoperative 
medications (e.g., baclofen, diazepam for spas-
ticity, corticosteroid therapy in DMD patients, 
antiepileptic drugs in CP patients), which should 
be continued perioperatively. Preoperative seda-
tion with oral midazolam (0.5  mg/kg) may be 
considered.

Antibiotics are administered prior to the sur-
gery to reduce the risk of SSI (cefazolin 20 mg/
kg (maximum 2000  mg) given 30  min prior to 
incision; or in case of serious penicillin/cephalo-
sporin allergy, vancomycin 10  mg/kg, given 
150 min prior to incision) [72].

22.5  Intraoperative Management

Question 25:
What monitoring modalities and vascular 
accesses should be considered for the surgery?

Answer:
In addition to the standard monitoring (ECG, non-
invasive blood pressure, SpO2 end tidal carbon 
dioxide temperature, fluid input, urine output), 
insertion of two large bore peripheral venous can-
nulae (secured on the upper extremities for easier 
access); an arterial and a central venous access; 
monitoring of evoked responses, depth of anes-
thesia (Bispectral index, Patient State Index etc.) 
and extent of neuromuscular blockade should 
be considered during these extensive multilevel 
procedures. Further, point-of-care viscoelastic 
assays, if available, may be useful for guiding the 
blood component transfusion strategy in patients 
with severe intraoperative bleeding.

The arterial catheter allows continuous assess-
ment of the BP and fluid responsiveness (pulse 
pressure variation), along with measurement of 
ABG, blood glucose, electrolytes and serum lac-
tate levels; in fact, given the need for maintaining 
different BP targets during various phases of the 
surgery and the high risk of hypotension due to 
the extensive perioperative blood losses, it is a 
very vital component of the perioperative moni-
toring strategy.

A central venous access is useful for rapid 
transfusion of fluids and blood, infusion of vaso-
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active medications; for monitoring the mixed 
venous saturation (SvO2) and the CVP (absolute 
CVP values are not an accurate indicator of the 
true preload in prone position surgeries, however 
the CVP trend provides adequate inputs for guid-
ing the hemodynamic management).

Temperature monitoring is very important as 
these patients are prone to develop hypothermia 
because of the prolonged operating times and 
exposure of a large surface area. This not only 
increases the risk of complications (impaired 
platelet function, coagulopathy, increased blood 
loss, metabolic complications, impaired wound 
healing with an increased risk of SSI) but also 
delays the clearance of anesthetic drugs by pro-
longing their metabolism, interferes with correct 
interpretation of IONM, and significantly 
increases the likelihood of ventilation in the early 
postoperative period [98, 99].

Monitoring of the anesthetic depth and extent 
of neuromuscular blockade enable a precise titra-
tion of anesthetic drug dosages; this not only 
helps to reduce the risks of intraoperative aware-
ness and inadvertent patient movement but also 
facilitates proper interpretation of IONM as well 
as a rapid emergence at the end of the surgery or 
for a “wake up” test.

Question 26:
How is the prone position achieved for a PSF in 
scoliotic patients? What measures should be taken 
to prevent the positioning-related complications?

Answer:
The patients are usually anesthetized in the 
supine position, and then turned prone, using a 
log roll technique (head, body rotated in unison 
while maintaining a neutral neck position), onto 
the positioning system [specialized table, e.g., 
Jackson Frame; radiolucent table with a special-
ized frame, e.g., Wilson, Relton-Hall; or bolsters 
which provide support to the sternum, iliac crest, 
and lower legs]. This transition should be well 
coordinated in order to avoid accidental dislodge-
ment/kinking of the tracheal tube, the vascular 
accesses, and the monitoring lines; in some cen-
ters, the circuits and tubings are briefly discon-
nected during this transition. Patients with CS, 

Marfan syndrome, and neurofibromatosis may 
have concomitant cervical spine anomalies and 
must be turned and positioned with great care.

The patient’s head and neck are placed in a 
neutral position on a soft foam/gel pad with pre-
configured cutouts or a horseshoe headrest; their 
position may change during surgical manipula-
tion of the spine and should be inspected fre-
quently during the procedure. Eyes are closed; 
care is taken to avoid any external compression 
of the eyes, ears, nose, and face; soft mouth 
guards are inserted to prevent injury to the 
tongue and lips during intraoperative MEP mon-
itoring. Use of specially designed facemasks and 
devices that allow periodic inspection of the face 
during surgery in the prone position, (e.g., prone 
View) provides increased safety in the prone 
position [100].

The patient’s chest and abdomen should hang 
freely, with the legs at the level, and the head, 
above the level of the heart, respectively; a 10° 
reverse Trendelenburg position should be consid-
ered, if feasible. These maneuvers optimize the 
cardiac preload and respiratory function, mini-
mize perioperative blood loss, and reduce the risk 
of POVL (high hydrostatic pressure in the eyes 
predisposes to reduced blood perfusion).

The arms are placed in an “air planed” posi-
tion (<90° abduction at the shoulder and elbow) 
to allow intraoperative fluoroscopy and avoid 
compression neuropraxia; axillae are inspected to 
ensure that the frame does not compress the axil-
lary sheath. In female patients, the breasts are 
positioned medially and caudal to the supporting 
pads to avoid direct pressure on the nipples; in 
males, the genitalia are allowed to hang freely. 
The patient’s knees are flexed, feet are placed in 
the neutral position, and pelvic bolsters are care-
fully positioned to prevent inadvertent compres-
sion of the lateral femoral cutaneous nerve. All 
bony prominences and pressure points (elbows, 
pelvis, knees, and ankles) should be well padded. 
Further, utilization of IONM can help in early 
detection of positioning-related compression 
neuropathies.

While the overall aim during the prone posi-
tioning of these patients is to maintain/increase 
thoracic kyphosis and optimize the lumbar 
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 lordosis of the spine, however, this optimal posi-
tion is often elusive, owing to the scoliotic defor-
mity. A combination of built-up thoracolumbar 
supports and a leg sling are often helpful; addi-
tional pillows can be used to elevate the legs, to 
improve the extension at the hip joint, during the 
correction of deformity.

Question 27:
Given the increased risk of major blood loss, 
what intraoperative strategies can be imple-
mented to minimize the severe bleeding and the 
transfusion requirements in these patients?

Answer:
Recent “consensus-based best practice guide-
lines” recommend the administration of antifi-
brinolytics use of controlled hypotension 
during specific phases of the surgery, and avoid-
ance of hemodilution, to decrease the blood 
loss and transfusion requirements during these 
surgeries [62]. In addition, simple measures 
such as avoidance of abdominal compression 
during prone positioning and a good surgical 
technique also contribute to a considerable 
reduction in the intraoperative blood loss. 
While other techniques such as acute normo-
volemic hemodilution and intraoperative red 
blood cell salvage with cell saver have also 
been used, however, the higher costs, logistic 
challenges, and above all the low evidence 
regarding their efficacy preclude their routine 
use during these surgeries [72]. Intraoperative 
cell salvage may probably be considered if the 
anticipated surgical duration is more than 6  h 
and estimated blood loss is greater than 30% of 
total blood volume; however, it is prudent to 
remember that this blood has heparin, and sig-
nificant volumes of the re-transfused blood may 
induce a coagulopathy [101].

Antifibrinolytic drugs: Antifibrinolytics such 
as tranexamic acid (TXA) and epsilon aminoca-
proic acid (EACA) are synthetic lysine analogs, 
which reversibly bind to lysine-binding sites on 
plasminogen to prevent its conversion to plasmin 
and hence directly inhibit the degradation of 
fibrin (by plasmin).

Results of several studies demonstrate that 
these drugs are an effective, safe, and cost- effective 
option for mitigating the perioperative blood loss 
and transfusion requirements not only for PSF for 
AIS but also for the more complex spinal fusions 
in patients with NMS [102–105]. TXA is 6–10 
times more potent than EACA and is more widely 
used because of its easy availability. Its optimal 
dose regimen, however, is not very well estab-
lished (loading dose ranges from 10 to 30 mg/kg; 
subsequent continuous infusion dose: 1–10  mg/
kg/h) [106, 107]. EACA is usually administered as 
100–150 mg/kg i.v loading dose, followed by an 
i.v infusion at a rate of 10–15 mg/kg/h.

Controlled hypotension: Use of deliberate 
hypotension at the time of incision (lowering of 
the MAP to <65 mmHg) is reported to be a safe 
and effective technique to decrease the intraop-
erative blood loss, improve visualization during 
spine exposure, and reduce the operative time of 
these surgeries [108]. In a retrospective analysis 
of over 300 AIS patients, Verma et.al reported a 
33% reduction in the blood loss by lowering the 
BP at the time of skin incision, without the occur-
rence of any hypotension-related complications. 
Several other studies also report a 29–49% reduc-
tion in the perioperative blood loss, with use of 
this technique [108–111].

However, in view of the potential risks of isch-
emic cord injury and POVL, the current consensus 
guidelines recommend limiting the use of “con-
trolled hypotension” and using a “targeted MAP 
approach” according to the phase of the surgery. In 
this approach, the MAP is typically lowered to 
60–65 mm of Hg during the spine exposure, with 
the help of anesthetic agents and/or specific hypo-
tensive drugs (e.g., esmolol, labetalol), but is sub-
sequently increased to maintain adequate SC 
perfusion during the instrumentation [72].

Question 28:
What should be the goals for intraoperative fluid 
and blood management?

Answer:
A meticulous fluid and blood management strat-
egy is crucial not only for maintaining normal 
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plasma volumes and hemodynamic stability in 
the face of severe intraoperative bleeding but also 
to reduce the risk of hypoperfusion-related isch-
emic SC injury.

The fluid management plan should address the 
fluid deficits, maintenance requirements as well 
as the ongoing losses. Typically, isotonic crystal-
loids, e.g., Ringers Lactate, are the primary fluids 
of choice during pediatric spine surgeries; there 
are also some preliminary reports of the benefi-
cial effect of sterofundin in preventing major acid 
base imbalance and preserving the plasma bio-
chemistry, during these surgeries [112]. Colloids, 
e.g., low and medium molecular weight hetas-
tarches (Pentastarch, Voluven; lesser coagulo-
pathic potential than high molecular weight 
hetastarches), may be used as resuscitation 
fluids.

Glucose containing solutions are not routinely 
administered in children; they can result in sig-
nificant hyperglycemia, which may potentially 
exacerbate an ischemic neurological injury. 
Nevertheless, children can develop hypoglyce-
mia during these prolonged surgeries, and it may 
be prudent to monitor blood glucose levels intra-
operatively, and infuse a dextrose containing 
solution if required.

Fluid therapy should be guided by static 
parameters (e.g., CVP, HR, BP) as well as 
dynamic estimates of fluid responsiveness (e.g., 
pulse pressure variability/systolic pressure vari-
ability) and the urine output; in addition, the ade-
quacy of end organ perfusion should be also 
assessed (blood lactate, mixed venous oxygen 
saturation).

Ongoing blood losses are managed with 
administration of fluids (crystalloids, colloids), 
blood products, and if required, vasopressors 
(e.g., phenylephrine, norepinephrine). It is pru-
dent to calculate the maximal allowable blood 
loss [EBV  ×  (H0−H1)/H0; EBV—Estimated 
blood volume (70 mL/kg for children >2 years of 
age; H0—hematocrit at beginning of the surgery, 
H1—lowest acceptable/target hematocrit]. The 
transfusion trigger usually ranges from 25 to 
30% hematocrit (or 7–9  g/dL hemoglobin) 
depending on the rapidity and amount of the 
blood loss, the hemodynamic parameters, ade-

quacy of end organ perfusion, and the patient’s 
general medical condition especially the cardio-
respiratory reserve and coexisting cardiac/pul-
monary morbidities.

Generally, blood transfusion is required if the 
blood loss exceeds 20% of the patient’s EBV; typi-
cally, transfusion of 15 mL/kg packed red blood 
cells (PRBC) raises the hemoglobin concentration 
by about 3 g/dL. Blood component therapy, e.g., 
platelets FFP (dose—10–15  mL/kg), may be 
required if the predicted blood loss is greater than 
40% of the circulating blood volume [113]. 
Technologies such as Sonoclot (Sienco, Inc), 
thromboelastogram (TEG), or Rotem have also 
been used to reduce the massive blood loss and 
precisely guide the transfusion strategy during 
these surgeries [114]. These technologies analyze 
the in-vitro rheological changes in the blood dur-
ing the coagulation process, to identify the specific 
cause of bleeding, e.g., thrombocytopenia, deple-
tion of clotting factors, hypofibrinogenemia, and 
fibrinolysis. Specific blood components are 
administered accordingly (platelet concentrates: 
platelet levels <100,000/m3; cryoprecipitate: 
fibrinogen levels <150 mg/dL with microvascular/
active bleeding or massive blood transfusion 
(dose: 1 unit per 5–10 kg body weight); desmo-
pressin (0.3 μg/kg) for oozing despite a platelet 
count >100,000 U/μL) [113, 115].

Question 29:
What measures should be taken to reduce the risk 
of intraoperative neurologic injury?

Answer:
Use of SC protection measures, together with 
implementation of IONM and a careful attention 
to the positioning of the patient, is recommended 
for decreasing the risk of intraoperative iatro-
genic neurologic injury [72].

SC protection measures: The risk of SC injury 
is particularly high during the instrumentation 
and deformity correction maneuvers. Ensuring 
optimal physiological conditions by maintaining 
normotension, normothermia, normal oxygen-
ation, and an optimal hematocrit can minimize 
the risk of ischemia-related SC injury during this 
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critical phase; the surgeon should inform the 
anesthetist approximately 15  min prior to the 
spine distraction and straightening maneuvers so 
as to allow a sufficient time for physiologic opti-
mization. The MAP target is generally >70 mmHg 
(>80 mmHg in high-risk cases) and is achieved 
by administration of fluids and if required, vaso-
pressors [72]. Normothermia is maintained by 
administration of warm intravenous fluid and use 
of two forced warm air blankets (placed on upper 
extremities; and lower extremities below the 
buttocks).

IONM: IONM (SSEP, MEP, EMG) provides a 
real-time feedback about the integrity of the SC, 
nerve roots, and peripheral nerves (Table  22.7). 
The EP waveforms are monitored for latency and 
amplitude; a significant change in these parame-
ters (as per predefined warning criteria; usually a 
decrease in amplitude and increase in latency/loss 
of signal) indicates a potential neurological injury 
and gives the managing team an opportunity to 
reverse or correct a potential neurological deficit. 
Individually, these techniques have false- negative 
as well as false-positive results; however, when 
used simultaneously, they are reported to have a 
fairly high sensitivity (100%) and specificity 
(88%) for detecting a true neurologic deficit [57, 
63, 72, 116]. Hence a multimodality monitoring 
approach using SSEP, MEP, and EMG (rectus 
abdominis EMG) is highly recommended; the 
wake-up test should be considered only if these 
modalities are not available [57, 63, 72].

Question 30:
What do SSEPs monitor? How are they moni-
tored during the surgery? What are their advan-
tages and disadvantages?

Answer:
SSEPs monitor integrity of the posterior cord 
(dorsal columns: ascending proprioceptive sen-
sory pathways) (Table  22.7). They can identify 
mechanical, ischemic (hypotension: decreased 
amplitude, increased latency), and physiological 
insults to the SC (hypothermia: increased latency); 
they are also very useful for detecting a position-
ing-related neuropraxia (Ulnar N SSEP for detec-
tion of brachial plexopathy); however, they do not 
provide any information regarding the integrity of 
motor tracts or nerve roots [11, 72].

In SSEP monitoring, repetitive low intensity 
electrical stimuli are applied to afferent periph-
eral nerves (via needle electrodes). The resulting 
EEG responses (microvolt range signals) are 
recorded at the scalp (cortical SSEPs), proximal 
spinous process (subcortical SSEPs), and extrem-
ities (peripheral SSEPs). The recording is con-
tinuous, but there is a time lag in the feedback 
because of the time required for averaging of the 
low amplitude signals.

Cortical SSEPs monitor the entire sensory 
pathway, but are sensitive to anesthetic effects 
and tend to fade gradually in amplitude during 
the surgery; in comparison, subcortical SSEPs 
though electrically less reliable, are relatively 
resistant to the effect of inhalational anesthetics. 

Table 22.7 Intraoperative neuromonitoring techniques during posterior spinal fusion

Somatosensory evoked 
potentials (SSEPs)

Transcranial motor evoked potentials 
(TcMEPs)

Electromyography 
(EMG)

Monitor Posterior cord (dorsal 
columns: ascending 
proprioceptive sensory 
pathways)

Anterior spinal cord (descending 
motor pathways)

Peripheral nerve integrity 
and function

Common 
stimulation 
sites

Peripheral sensory nerves, 
e.g.,
  Posterior tibial nerve 

(proximal to ankle)
  Ulnar/median nerve 

(proximal to wrist)

Transcranial scalp electrodes [over an 
area that overlies the motor cortex 
[1–2 cm anterior to C1–C2 
(international 10–20 system)]]

Free running: none
Triggered: bipolar 
stimulation of specific 
structure, e.g.,
Pedicle track/pedicle 
screw
@5–30 mA for 0.2 msStimulation 

intensity
Stimulus intensity:5–45 mA
Stimulus duration: 0.2 ms
Stimulation rate: 4.7/s

Stimulus intensity: 80–100 mA
Stimulus duration: 50 μs; 2–4 pulses; 
interstimulation interval-1–5 ms
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Usually, both cortical and subcortical SSEPs are 
monitored to help distinguish between true neu-
rological and systemic events (hypotension, 
hypothermia, anesthetic effect); if cortical 
responses are lost, but subcortical responses 

remain, a systemic etiology should be suspected. 
Peripheral recording sites detect impending or 
evolving peripheral nerve problems and also help 
to distinguish between a peripheral and a central 
event. In a peripheral event, the impulse is lost in 

Table 22.7 (continued)

Somatosensory evoked 
potentials (SSEPs)

Transcranial motor evoked potentials 
(TcMEPs)

Electromyography 
(EMG)

Recording sites Peripheral nerve
Median/ulnar N (Epi/Epc: 
contralateral and ipsilateral 
Erb’s point—2 cm superior 
to midpoint of clavicle)
Popliteal N: Popliteal fossa
Spinal Cord:
Median/ulnar N:C5S-Fpz 
(5th cervical spine–
frontopolar midline)
Popliteal N:T12 S-REF (12 
thoracic spine–noncephalic 
reference)
Subcortical:
Median/ulnar N: Cpi–REF 
(Cpi—ipsilateral 
centroparietal)
Popliteal N:Fpz-C5S
Cortical:
Median/ulnar N: Cpc–Cpi 
(Cpc—contralateral 
centroparietal)
Popliteal N: Cpz-Fpz 
(Cpz—midway between Cz 
and Pz)

D wave recording: spinal cord
Neurogenic MEP: Nerves
CMAP: (compound muscle action 
potential): Muscle
Typical recording sites: first dorsal 
interosseous, abductor pollicis brevis 
(upper extremity muscles); 
quadriceps, tibialis anterior abductor 
digiti minimi and gastrocnemius 
(lower extremity muscles)

Myotome specific
C8–T1 Adductor pollicis
T2–T6 Intercostals
T6–T12 Rectus 
abdominis
L3–L4 Vastus lateralis
L4–L5 Anterior tibialis
S1–S2 Gastrocnemius

Warning signs Unilateral or bilateral >50% 
reproducible decrease in 
amplitude from the baseline 
(voltage of the response)
Or
Complete loss of waveform

Unilateral or bilateral >65% 
reproducible decrease in amplitude 
from the baseline (voltage of the 
response)
Or
Complete loss of waveform

Spontaneous EMG: 
Sustained neurotonic 
discharges (>2 s)
Triggered EMG: action 
potential with low 
stimulation intensity 
(<10 mA)

Advantages High specificity and 
sensitivity to sensory deficits
Continuous monitoring (no 
interruption of surgery 
required)
Easy to implement
No contraindication

Specific and sensitive to motor deficits
Large signal amplitude
Instantaneous feedback

Allows surgical 
correlation with specific 
nerve roots
Continuous monitoring 
with spontaneous EMG
Instantaneous feedback

Disadvantages Do not evaluate motor 
pathways
Low signal amplitude 
multitrace averaging 
required, delayed response 
(seconds to minutes)

Intermittent monitoring (interruption 
in surgery required)
Sensitive to muscle relaxants, 
inhalational anesthetics
Caution in patients with seizures
Difficult to obtain responses in young 
children (developing nervous system, 
patients with preexisting neurological 
deficits)

Sensitive to muscle 
relaxants
Monitors only nerve 
roots
Not useful in cases with 
preexisting neurological 
disorders
Sensitivity and 
specificity not very high
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a distal to proximal fashion, and hence the EP 
response fades and eventually disappears; a spi-
nal cord event, on the other hand, has no effect on 
peripheral site recordings (both stimulation and 
recording occur below the level of injury).

In thoracic surgeries, SSEPs are usually moni-
tored in the upper limbs (serve as control signals 
because they are not affected by surgical manipu-
lation in the thoracic spine) as well as lower 
extremities (monitor dorsal cord integrity). The 
upper extremity data provide a good measure of 
the systemic function, hence if lower extremity 
data meets warning criteria, checking the upper 
extremity data quickly helps to identify whether 
the cause is focal systemic or technical (loss of 
responses in both extremities usually indicates a 
systemic and not a neurological etiology).

Question 31:
What do Transcranial MEPs (TcMEPs) monitor? 
What is the technique of monitoring? What are 
their advantages and disadvantages, as compared 
with SSEPs?

Answer:
TcMEPs monitor the integrity of the anterior SC 
(descending motor pathways) (Table 22.7). They 
are very sensitive to ischemic insults and are con-
sidered to be superior to SSEPs for detection of 
hypoperfusion-related cord injury [Anterior 
Spinal Artery (ASA) is the primary source of 
blood supply to the anterior cord, and also to 
nearly 75% of the SC]; they are also useful for 
detection of positioning-related neuropathy of 
the peroneal and femoral nerves.

TcMEPs are generated by application of high 
frequency multipulse electrical stimulation 
through needle or corkscrew electrodes inserted 
into the scalp; corresponding MEP waveforms 
are recorded at the level of the spinal cord (D 
wave recording), nerve (neurogenic MEPs), or 
muscle [compound muscle action potential 
(CMAP) or myogenic MEPs].

Unlike SSEPs, MEPs are monitored intermit-
tently after each event that can compromise the 
cord integrity (stimulation necessitates interrup-
tion of the surgery for 15–30 s in order to obtain 
adequate readings) but have the advantage of pro-

viding instant feedback [a higher response ampli-
tude (millivolt range) as compared with SSEPs 
obviates the need for averaging].

CMAPs monitor the entire motor pathway 
including the neuromuscular junction. The distal 
muscle recordings are made through surface, 
subdermal or intramuscular needle electrodes, 
inserted bilaterally in the upper and lower 
extremities. They are sensitive to anesthetic 
agents and in particular, muscle relaxants (gener-
ated by synaptic transmission of corticospinal 
impulses to the ventral motor neurons) [11].

Question 32:
What is the role of EMG monitoring in scoliosis 
correction surgeries?

Answer:
EMG (spontaneous or triggered) is particularly 
useful for evaluation of cortical integrity and 
detection of potential nerve root injury during 
placement of pedicle screws (nerve root injuries 
account for almost 60% of all postoperative 
NNDs) (Table 22.7) [11, 116]. In this technique, 
EPs generated by muscle fibers are recorded 
through paired needle electrodes (inserted trans-
dermally into or in proximity to muscles inner-
vated by the nerve roots of interest); the 
difference in electrical activity between the two 
electrodes is displayed as a waveform on the 
monitor; an audible feedback may also be pro-
vided. EMG is relatively resistant to anesthetic 
effects, but can be abolished by neuromuscular 
relaxants. It has a high sensitivity but a low spec-
ificity for predicting neurological deficits, but 
nevertheless is a very useful component of mul-
timodality monitoring during scoliosis correc-
tion surgeries.

Spontaneous or free running EMG: Normally, 
EMG is quiet (inactive) under anesthesia; con-
tinuous low amplitude, high frequency activity 
may be recorded during light anesthesia, and is 
audible as a continuous noise. A high frequency 
(30–100 Hz) “neurotonic burst pattern” on EMG 
along with an audible short “blurp” occurs, when 
irritation of a nerve root due to retraction, 
mechanical stimulation (nearby dissection, drill-
ing, or ultrasonic aspiration), or electrocautery 
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(thermal irritation) produces spontaneous firing 
of the nerve with activation of its corresponding 
myotome [116]. Generally, this EMG pattern is a 
cause for concern only if it is sustained and/or 
has a high amplitude. But, a long train of neuro-
tonic activity, with popping corn (“popcorn”) or 
an aircraft engine “bomber” type sound, implies 
potential neural injury, and a need for prompt re- 
assessment by the surgeon.

In triggered/evoked EMG monitoring, each 
pedicle track or screw is electrically stimulated 
with increasing intensity (5–30 mA). With a cor-
rectly positioned pedicle screw, no action poten-
tial should be observed at the recording electrode 
with a stimulation intensity of less than 
10 mA. But, appearance of an action potential at 
this low intensity stimulation (6–10 mA) is highly 
suggestive of a breach in the cortical integrity 
(the significantly reduced impedance allows the 
current to depolarize the nerve root) or damage/
irritation of the nerve root [decrease in electrical 
threshold (<10 mA)] by the malpositioned pedi-
cle screw [117].

Question 33:
What is the effect of anesthetic drugs on IONM?

Answer:
The effect of various anesthetic agents on IONM 
are as follows:

Inhalational agents: Volatile anesthetic agents 
(desflurane, sevoflurane, isoflurane) inhibit both 
cortical SSEPs and TcMEP (dose-dependent 
decrease in amplitude and increase in latency), 
but have a negligible effect on subcortical SSEP 
and EMG responses. Doses greater than 0.5 MAC 
may result in suppression of SSEPs; TcMEPs are 
exquisitely sensitive and may be abolished at con-
centrations as low as 0.2 MAC [11].

Nitrous oxide also suppresses these EPs (reduc-
tion in amplitude), albeit to a lesser extent, but has a 
synergistic effect when co-administered with other 
inhalational agents. In view of this synergism, as 
well as the high degree of inter- individual response 
variability, optimal SSEPs may not be obtained if an 
N2O-volatile anesthetic (0.5–1 MAC) combination 
is used during anesthetic maintenance.

Intravenous anesthetic agents: Conventional 
doses of propofol, opioids, and dexmedetomidine 
typically have very little effect on SSEP and 
TcMEP responses; propofol may cause a tran-
sient decrease in amplitude when given in large 
doses [11, 118]. Thiopentone does not interfere 
with SSEP monitoring though a bolus dose may 
transiently suppress cortical SSEPs. A bolus dose 
of midazolam has a minimal effect, but its con-
tinuous infusion can suppress the SSEP responses. 
In contrast, MEPs, however, are significantly 
depressed by midazolam and may be completely 
abolished by thiopentone, necessitating caution if 
these drugs are used during induction [11].

Etomidate [g-aminobutyric acid (GABAA) 
receptor inhibition) and ketamine (N-methyl-d- 
aspartate receptor inhibition) have neuroexcit-
atory properties, and unlike most other anesthetic 
drugs, they cause an increase in the amplitudes of 
SSEP and MEP [11].

Muscle relaxants: Neuromuscular blocking 
agents suppress TcMEPs and EMG responses, 
but improve SSEP recordings by reducing the 
noise produced by muscle activity.

Question 34:
What should be the choice of anesthetic drugs for 
spinal fusion for AIS?

Answer:
Most AIS patients are healthy adolescents who 
can tolerate a wide range of anesthetic regimens, 
but the choice of anesthetic drugs is usually lim-
ited by their compatibility with IONM; short act-
ing drugs (allow a rapid titration of anesthetic 
depth with a faster emergence, especially if an 
intraoperative “wake up test” becomes necessary) 
that cause minimal interference with IONM are 
usually preferred. Since EPs are more resistant to 
the effect of intravenous agents as compared to 
volatile anesthetics, a total intravenous anesthesia 
(TIVA) based technique is most commonly used; 
low concentrations of volatile agents [<0.5 MAC 
(minimum inhalational concentration)] can be 
used as an adjunct to intravenous drugs.

Anesthetic induction is usually achieved with 
propofol and an opioid (remifentanil/fentanyl) along 
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with a nondepolarizing muscle relaxant (NDMR) to 
facilitate tracheal intubation. Anesthesia can be 
maintained with propofol- opioids or propofol-dex-
medetomidine-opioid combination or a propofol-
sevoflurane-opioid combination, in air-oxygen 
mixture; N2O is usually excluded during 
IONM. Propofol infusion (up to 200 μg/kg/min) is 
usually well tolerated, but it may cause a slightly 
delayed emergence; hence dexmedetomidine (up to 
0.6 μg/kg/h) or sevoflurane in low doses (<0.5 MAC) 
can be used as an adjunct to reduce the propofol 
requirement and facilitate a faster awakening [119].

TIVA without a muscle relaxant provides the 
ideal environment during MEP monitoring; how-
ever, a partial neuromuscular blockade (infusion 
titrated to two twitches on the train-of-four moni-
tor) is also acceptable as it improves surgical retrac-
tion, provides a cleaner background, improves the 
SSEP quality, decreases patient movement and 
also, the risk of injuries following stimulation.

Ketamine (initial dose of 0.15 mg/kg followed 
by 2 μg/kg/min) can be used to augment EPs if 
there is a difficulty in obtaining reliable intraopera-
tive signals [this problem is more common in EOS 
(because of immature neurologic development) 
and in NMS (preexisting neurologic deficits)]. 
Etomidate can also be considered, but its potential 
for enhanced seizure activity and adrenal suppres-
sion may limit its use during these procedures.

Question 35:
Besides choosing the appropriate anesthetic 
drugs, what other measures can be taken to pro-
vide optimal conditions for IONM?

Answer:
Anesthetic agents can confound the interpreta-
tion of EPs; hence it is imperative to maintain a 
constant anesthetic depth, especially during the 
critical periods when risk of neurological injury 
is high. Infusions are preferable to bolus doses, as 
they avoid a deceptive intermittent “worsening” 
or “improvement” of EPs. At the same time, the 
body movements that may occur during transcra-
nial or peripheral N electrical stimulation should 
not be misinterpreted as spontaneous movements 
due to decreased anesthetic effect.

Maintenance of physiological homeostasis 
is extremely important; hypotension, anemia, 
hypoxia, hypocarbia, hypo/hyperthermia, besides 
being detrimental for the patient, also suppress 
the EPs. It is also pertinent to remember that 
IONM can cause motion artifacts in ECG, BP or 
SpO2 waveforms and numerical values; in these 
instances, it is prudent to manually check the 
pulse, or request for a temporary cessation of stim-
ulation, to avoid any confusion between an actual 
and a “mimicked” hemodynamic disturbance.

Last, but not the least, a collaborative team 
approach is crucial. The anesthetic technique as 
well as the IONM protocol (what EPs to monitor, 
when to monitor, strategy for loss of EPs) must 
be devised preoperatively, in consensus with the 
surgeon and the electrophysiologist.

Question 36:
What is a significant change on neurophysiologi-
cal monitoring? How is it managed?

Answer:
A neurophysiological change is defined as an 
“alert” or a “significant change” when there is a 
unilateral or bilateral reduction in the amplitude 
of ≥50% for SSEP and ≥65% for TcMEP from 
the baseline (change in latency is not considered 
significant unless accompanied by a change in 
the amplitude) [120–122].

The “alert” can be due to surgical, physiologi-
cal, or technical reasons or secondary to abnor-
mal limb positioning and requires a prompt, 
collaborated response by the team.

The electrophysiologist evaluates the techni-
cal causes, and the anesthetist manages anes-
thetic physiological and positioning related 
factors, while the surgeon reassesses and may 
reposition or remove the instrumentation, to ease 
off the correction and reverse any pressure on the 
neural elements. Usually, bilateral changes (espe-
cially in tests which use controls) are suggestive 
of anesthetic effects or physiological changes 
(though they do not exclude the possibility of a 
surgical etiology), and unilateral changes indi-
cate a surgical event. A response strategy is sug-
gested in Table 22.8.
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Question 37: What are the factors that influence 
the decision regarding the timing of tracheal 
extubation (post-surgery after emergence from 
anesthesia or a planned delayed tracheal extuba-
tion) after PSF for AIS?

Answer:
The timing of tracheal extubation after PSF for 
AIS is influenced by several factors such as the 
patient’s airway, preoperative functional status, 
number of spinal levels fused, duration of surgery, 

Table 22.8 Suggested response strategy for loss/“significant change” in neurophysiological signals during intraopera-
tive neuromonitoring

Prompt communication between the anesthetist, neurophysiologist, and surgeon
  Determine the pattern and timing of the signal change (by asking the electrophysiologist):
   What is the signal change: increase in latency or decrease in amplitude or both or complete loss of signal
   When did it occur?
   Was there a change in MEPs, SSEPs, or both?
   Where is the signal change?: unilateral/bilateral; one/both extremities
Determine the possible etiology Management
Consider anesthetic effect
  Was there was a concurrent change in the anesthetic 

depth due to increase in MAC of volatile agent; 
administration of a bolus/increase in infusion rate of 
intravenous sedative or anesthetic drug/increase in the 
depth of neuromuscular blockade

Consider physiological factors
  Did the change in the EP signal coincide with 

occurrence of hypotension, hypothermia, or anemia
Consider technical problems with recording
  Malpositioning of electrodes and connections
  Change in the position of the neck
  Change in the position of the limbs on the table
Consider surgical factors
  Discuss events and actions prior to the change in 

signal (e.g., during osteotomy/pedicle screw 
placement/distraction during rod placement)

Measures taken by the anesthetist
  Turn off volatile anesthetics and nitrous oxide, if 

administered, and convert to TIVA
  Decrease anesthetic depth, if necessary
  Increase mean arterial pressure to >90 mmHg to 

improve the spinal cord perfusion (volume expansion 
with blood products preferable to exclusive use of 
fluids and vasopressors)

  Ensure normothermia
  Optimize oxygen delivery:
    Administer 100% oxygen; correct hypovolemia; 

confirm adequate hemoglobin
    Consider small bolus of ketamine or etomidate to 

increase signal amplitude
Measures taken by the neuroelectrophysiologist
  Correct electrode/connection related problems
  Reposition the neck/limbs, if malpositioned
Measures taken by the spine surgeon
  Warm saline irrigation of surgical field (to remove 

blood and metabolites from local tissue damage as 
they may act as potent axonal blocking agents)

  Check position of implant (consider intraoperative 
imaging)

  Assess osteotomy sites; evaluate for spinal cord 
compression

  If the amplitude does not recover with the 
abovementioned actions, over the course of 10 min, 
then consider reversing surgical actions, e.g., remove 
rod/remove pedicle screw and evaluate for cortical 
breach

Ongoing considerations
  If signals do not improve, discuss the following options
   1.  Wake-up test: patient is allowed to awaken to demonstrate neurologic function, then the surgery is 

resumed
   2.  Aborting the procedure: distracting rods are removed the back is closed and a staged procedure is 

considered
   3.  Administration of methylprednisolone: 30 mg/kg IV in first hr. followed by 5.4 mg/kg/h for the next 23 h 

(limited data to support efficacy)

MEP motor evoked potential, SSEP somatosensory evoked potential, MAC minimum alveolar concentration, TIVA 
total intravenous anesthesia
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temperature of the patient, and the intraoperative 
blood loss and transfusion requirements.

While tracheal extubation can be performed in 
a significant proportion of the patients, mechani-
cal ventilation in the early postoperative period 
may be required in some situations to allow the 
temperature, volume, metabolic, and coagulo-
pathic abnormalities to be corrected and the air-
way edema to subside. These include a difficult 
airway [preexisting difficult airway/intraopera-
tive airway edema (macroglossia, facial swelling, 
laryngeal and pharyngeal edema)] due to pro-
longed prone positioning/transfusion of large 
volumes of fluid; poor preoperative cardiorespi-
ratory status; longer fusion segments (>8); long 
duration of surgery (>8 h); intraoperative hypo-
thermia; and significant blood loss (>30 mL/kg) 
[7, 98, 99, 123].

22.6  Postoperative Management

Question 38:
What are the pertinent considerations for postop-
erative care of AIS patients following a PSF?

Answer:
The postoperative care regimen typically has sev-
eral components including monitoring of vital 
parameters, pain severity, and volume status of 
the patient; management of fluids, blood loss, 
anemia, and hemodynamic instability; preven-
tion and treatment of pain, nausea, vomiting, and 
constipation; early resumption of an oral regimen 
(diet as well as medications); encouraging early 
mobilization; and prevention of DVT and pulmo-
nary dysfunction by early initiation of physical 
and respiratory therapy (Table 22.9).

A meticulous postoperative care strategy plays 
a vital role in facilitating a faster functional 
recovery, a shorter hospital stay, and reduced 
hospitalization costs. Hence, the recent 
“Consensus-Based Best Practice Guidelines” 
encourage the formulation of evidence-based, 
hospital-specific protocols, for postoperative 
management of AIS patients, following a PSF 
[124]. Implementation of such standardized pro-
tocols, for instance, the “Rapid Recovery 

Program” by Melhy et al. (multimodal pain man-
agement and early mobilization strategy) and 
“Perioperative Surgical Home” by Kim et  al. 
(standardized preoperative planning, intraopera-
tive anesthetic and surgical management, and 
immediate to long-term postoperative medical 
management) has shown promising results [65, 
66, 125, 126].

Postoperative pain relief: Given the large skin 
incision and the extensive tissue dissection 
involved during the surgery, the patients tend to 
suffer from severe, debilitating pain in the post-
operative period, which not only delays their 
mobilization, physical therapy, and return of nor-
mal bowel function but also increases their risk of 
developing several complications such as pulmo-
nary dysfunction due to hypoventilation DVT 
and urinary tract infection. Hence an effective 
postoperative analgesia strategy is important; it 
provides optimal pain relief, minimizes the risk 
of PPCs as well as accelerates the functional 
recovery of patients.

Intravenous patient-controlled analgesia (IV 
PCA) with opioids (morphine/fentanyl) has been 
the mainstay of postoperative pain relief after 
PSF.  However, given the high incidence of 
opioid- related side effects (somnolence, nausea, 
vomiting, pruritus, urinary retention, ileus), 
recent “consensus-based best practice guide-
lines” for postoperative care recommend the use 
of a multimodal perioperative approach that 
includes a combination of opioid (systemic intra-
thecal) and nonopioid analgesics (Table 22.10). 
This approach improves the quality of analgesia, 
reduces opioid dosages as well as side effects, 
and also facilitates early discontinuation of intra-
venous opioids [124].

Commonly used nonopioid drugs include 
anti-inflammatories (acetaminophen, ketoro-
lac), neuroleptics (gabapentin), and antispas-
modics (i.e., diazepam) [124–127]. Though 
there have been some concerns with the use of 
ketorolac (bleeding due to platelet dysfunc-
tion; pseudoarthrosis due to impaired bone 
healing), several studies have demonstrated its 
efficacy and safety in pediatric spinal fusion 
procedures [124].
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Perioperative intrathecal opioids are used as 
an adjuvant to the analgesia regimen. They are 
administered after anesthetic induction and prior 
to the surgical incision, and help to reduce the 
intraoperative as well as early postoperative pain 
(till 24 h) and the systemic opioid consumption; 
interestingly, some studies also document a 
reduction in the intraoperative blood loss 

although the exact mechanism of their blood- 
sparing effect is unclear [127].

While opioid-based epidural analgesia (sin-
gle/double epidural catheter) is an effective and 
also a widely used technique, however recent 
“consensus-based best practice guidelines” do 
not seem to approve of its use because of its 
potentially restrictive impact on the mobilization 

Table 22.9 Postoperative care in patients with adolescent idiopathic scoliosis, following a posterior spinal fusion

Monitoring
  Vital parameters: heart rate, blood pressure, respiratory rate, pulse oximetry (while on PCA)
  Fluid intake, urine output, blood loss in the drain, central venous pressure (if CVP line in situ, on POD 0)
  Pain score
   Neurological examination: new neurological deficits, peripheral neuropathy
Investigations
  Hemogram
  Coagulation profile
  Serum electrolytes
Cardiovascular system
  Hypotensiona: Manage with fluidsb and, if required blood transfusionc

Respiratory system:
  Supplemental low flow oxygen therapy to maintain SpO2 >92% on POD 0
  Optimal pulmonary hygiene
  Prevention of postoperative atelectasis: respiratory therapy, early mobilization, pain relief
Pain relief
  IV PCA (morphine/fentanyl)d supplemented with a combination of nonopioid analgesics (gabapentin/ketorolac/

acetaminophen/tramadol) and intrathecal morphine
Gastro-intestinal system
  Antiemesis:
   Ondansetron 0.1 mg/kg/dose IV, maximum 4 mg every hours on POD 0
   Shift to oral medication (same dose) PRN, for rest of the hospital stay
  Bowel regimen:
   Stool softener/laxative (e.g., docusate, 100 mg twice daily, bisacodyl—10 mg twice daily), start on POD 1
   Assess daily (possible causes of constipation: opioids, decreased mobility, dehydration)
  Diet:
   Clear liquid diet on POD 0
   High-fiber diet on POD 1
DVT prophylaxis
  Log roll on bed every 2 h, till patient can attempt himself/herself
  Sequential compression device × 3 days (continuously while in bed)
Mobilization and physical therapy
  Encourage:
   Sitting on edge of the bed on POD 0 if feasible (after 12 h of surgery)/or on POD 1
   Sitting on chair and ambulating, 2–3 times on POD 1
   Walking for a longer distance (goal—500 feet) and climbing stairs (goal-one flight of stairs), if tolerated, on 

POD 2
Urinary system
  Removal of Foleys catheter by POD 2

AIS adolescent idiopathic scoliosis, PSF posterior spinal fusion, POD postoperative day, DVT deep vein thrombosis, IV 
PCA intravenous patient-controlled analgesia, PRN as needed, PO per orally, CVP central venous pressure, ADH 
antidiuretic hormone, Hb hemoglobin, SpO2 oxygen saturation
aMost probable etiology: acute anemia (postoperative bleeding may equal or exceed the intraoperative blood loss)
bIsotonic fluids (avoid hypotonic fluids, high postoperative ADH levels may lead to hyponatremia and 
hypo-osmolality)
cTransfusion trigger: Hb < 7 g/dL or higher, if acute hemodynamically instability/coexisting cardiac morbidities
dRemoval of IV PCA preferably by POD 1, latest by POD 3; Shift to oral analgesics by POD 1, if feasible
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of patients, as well as due to the distressing 
opioid- related adverse effects [124].

Question 39:
What are the potential postoperative complica-
tions after spinal fusion for AIS?

Answer:
Several large databases have analyzed the post-
operative complications after scoliosis correction 
procedures [33, 60, 70, 128]. The overall inci-

dence of complications after instrumented spinal 
fusion for AIS ranges from 5 to 23%, with acute 
respiratory failure re-intubation, implant-related 
complications (neurological injury, dural tear, 
screw loosening pneumothorax, pleural effusion, 
wound complications), and infections being the 
most commonly reported complications (inci-
dence >1%) [71]. Other major, though less 
 common complications include pancreatitis, dis-
seminated intravascular coagulation, visual loss, 
death, cardiac arrest, hyperthermia, venous 
thromboembolism, and superior mesenteric 
artery syndrome (individual incidence ≤0.2%) 
[60, 70, 128].

The risk of complications is reported to be 
higher in younger patients, male patients, in those 
with comorbidities (anemia, hypertension, or 
hypothyroidism), and after revision procedures, 
anterior or combined approaches surgeries and 
corrective osteotomies [33, 60].

Multiple Choice Questions
 1. Pattern of SSEP response change seen in 

Ulnar N neuropraxia is:
 (a) Global cortical loss, intact subcortical 

signals
 (b) Unilateral loss of Erb’s point, subcortical 

and cortical signals
 (c) Intact Erb’s point potential and subcorti-

cal signals; unilateral loss of cortical 
responses

 (d) Intact Erb’s point potential, prolongation 
or loss of subcortical and cortical signals

Answer: b
 2. Pattern of SSEP response change observed 

with spinal cord injury is:
 (a) Global cortical loss, intact subcortical 

signals
 (b) Unilateral loss of Erb’s point, subcortical 

and cortical signals
 (c) Intact Erb’s point potential and subcorti-

cal signals; unilateral loss of cortical 
responses

 (d) Intact Erb’s point potential, prolongation 
or loss of subcortical and cortical signals

Answer: d
 3. Pattern of SSEP response change observed 

with use of sevoflurane at 1.5 MAC is:

Table 22.10 Drugs for pain relief following posterior 
spinal fusion for adolescent idiopathic scoliosis

Morphine IV PCA
  Continuous basal infusion: 

0–20 μg/kg/h
  Demand dose: 10–20 μg/kg
  Lockout interval: 6–15 min
  4 h limit: 250–400 μg/kg
aIntrathecal
  5–20 μg/kg (maximum of 

300 μg), diluted in 2–4 mL of 
saline

  Avoid ≥20 μg/kg (risk of 
respiratory depression)

aCaudal
  50 μg/kg; maximum dose: 3 mg

Fentanyl IV PCA
  Continuous basal infusion: 

0–0.5 μg/kg/h
  Demand dose: 0.5 μg/kg
  Lockout interval: 6–10 min
  4 h limit: 7–10 μg/kg

Gabapentin Preoperative: 15 mg/kg PO on the 
morning of surgery
Postoperative: 5 mg/kg PO, TID, for 
2 days

Ketorolac 0.5 mg/kg IV q 6 h, for up to 5 days
Maximum dose: 30 mg/dose, 
120 mg/day

Acetaminophen 10–15 mg/kg q4–6h orally; 
maximum 90 mg/kg/day

Tramadol 1–2 mg/kg orally, q4–6 h
Maximum single dose: 100 mg
Maximum daily dose: lesser of 
either 8mg/kg or 400 mg

Diazepam 0.1 mg/kg every 6 h PRN (for 
muscle spasms); maximum 5 mg

IV PCA intravenous patient controlled analgesia, PRN as 
needed, PO per orally
aMorphine IV PCA added to this regimen, initially with a 
small bolus dose of 10 μg/kg; after 12–24  h, the bolus 
dose can be increased and a background infusion started, 
if required
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 (a) Global cortical loss, intact subcortical 
signals

 (b) Unilateral loss of Erb’s point, subcortical 
and cortical signals

 (c) Intact Erb’s point potential and subcorti-
cal signals; unilateral loss of cortical 
responses

 (d) Intact Erb’s point potential, prolongation 
or loss of subcortical and cortical signals

Answer: a
 4. Which of the following patients is likely to 

have the maximal blood loss during a PSF?
 (a) 13-year-old patient with AIS for PSF 

from T3–L2

 (b) 11-year-old patient with cerebral palsy for 
PSF from T3–L2

 (c) 11-year-old patient with Duchenne mus-
cular dystrophy for PSF from T3–L2

 (d) 10-year-patient with JIS for PSF from 
T3–L2

Answer: c
 5. A 17-year-old girl with cerebral palsy and 

severe scoliosis is referred for pre-op evalua-
tion. Arterial blood gas demonstrates a 
pO2  =  60  mmHg and a pCO2  =  47  mmHg. 
Which of the following PFT test reports is 
most likely to correspond to her respiratory 
disorder?

FVC FEV1 FEV1/FVC (%) FEF 25–75 TLC DLCO/VA
(a) 3.1 L (73%) 0.7 L (23%) 23 0.2 LPS (6%) 9.7 L (150%) 0.9 (19%)
(b) 1.1 L (36%) 0.8 L (29%) 78 0.7 LPS (22%) 2.1 L (54%) 7.0 (120%)
(c) 2.9 L (83%) 1.8 L (60%) 61 0.9 LPS (23%) 4.9 L (100%) 6.8 (122%)
(d) 1.7 L (51%) 1.4 L (49%) 78 1.3 LPS (35%) 2.7 L (52%) 2.6 (51%)

Answer: b
 6. Which of the following statements is true 

about intraoperative intrathecal morphine 
administration for postoperative pain relief 
after PSF?
 (a) Its analgesic effect lasts for 48–72 h.
 (b) It interferes with somatosensory evoked 

potential monitoring.
 (c) It can cause delayed respiratory 

depression.
 (d) It is associated with an increased intraop-

erative blood loss.
Answer: c
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Management of Patient 
with Guillain-Barré Syndrome

Jesse T. Lester

Stem Case Terminology
A 56-year-old man with a history of coronary 
artery disease which is medically managed, 
diabetes mellitus (non-insulin dependent), and 
recently diagnosed Guillain-Barré syndrome 
(GBS) presents for surgical management of 
acute cholecystitis. He is transferred to the 
preoperative area from the medical step down 
unit. On your arrival at the bedside for preop-
erative evaluation, you note that he is on 2 L of 
oxygen via nasal cannula and appears mildly 
dyspneic.

23.1  Preoperative

Question 1:
What is the epidemiology and pathogenesis of 
Guillain-Barré syndrome?

Answer:
Guillain-Barré syndrome (GBS) is an acute ful-
minant polyradiculoneuropathy of autoimmune 
origin. The incidence of GBS is approximately 
1–4 cases per 100,000 annually. Males are 
slightly more commonly affected than females. 
Approximately 70% of cases of GBS occur 

1–3 weeks after an acute infectious process, most 
often respiratory or gastrointestinal. Commonly 
implicated antecedent infections include 
Campylobacter jejuni, Cytomegalovirus, Epstein- 
Barr virus, HIV, Hepatitis E, and Mycoplasma 
pneumoniae. More recently, Zika virus has also 
been implicated as a possible precursor. Several 
vaccinations have been investigated as possible 
precursors to GBS, including swine influenza, 
H1N1, and Influenza vaccines in the early 1990s, 
although this contribution seems to be minimal at 
most. More recent influenza vaccines appear to 
have an even lesser effect on incidence of GBS.

Although there are thought to be both cellular 
and humoral components to the pathophysiology 
of GBS based on cerebrospinal fluid (CSF) studies, 
the primary mechanism is thought to be a form of 
molecular mimicry. Antibodies formed against the 
above mentioned infectious agents cross react 
against gangliosides located on the plasma mem-
branes of neural cells. This leaves the nerve cells 
susceptible to autoimmune-induced damage and 
results in the clinical symptoms of neuropathy.

Question 2:
What is the clinical presentation of GBS?

Answer:
As noted above, GBS is often preempted by a 
respiratory or gastrointestinal infection several 
weeks prior to symptom onset. Clinical manifesta-
tions include a rapidly evolving areflexic motor 
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weakness/paralysis. This can be with or without 
sensory disturbance, with patients commonly 
endorsing tingling dysesthesias. Deep tendon 
reflexes generally dissipate or disappear altogether 
in the first few days of illness. Weakness typically 
evolves over hours to days and is typically ascend-
ing and symmetric. The lower extremities are 
often more affected than uppers. While cases vary 
in their severity, severe cases can result in com-
plete tetraplegia as well as weakness of the inter-
costal muscles, impairing oxygenation and 
ventilation. Up to 30% of patients will require 
mechanical ventilatory support during the course 
of illness. The lower cranial nerves are also com-
monly affected, impairing clearance of secretions 
and potentially necessitating a secure airway.

Other symptoms include autonomic dysfunc-
tion, manifested as general loss of vasomotor 
control, exaggerated blood pressure responses, 
and severe postural hypotension. Cardiac dys-
rhythmias are also frequent in GBS patients, 
likely also secondary to loss of autonomic regula-
tion. Diffuse pain in the neck, shoulders, back, or 
over the spine are common complaints. Fevers 
are generally absent in GBS and febrile episodes 
should prompt providers to search for alternative 
clinical explanations.

When the patient’s symptoms plateau (usually 
within 4  weeks of onset) further progression is 
unlikely. Complete recovery can be expected 
within a few weeks when segmental demyelin-
ation is the predominant pathologic feature. 
However, when axonal degeneration is present, 
recovery can be significantly prolonged, often 
leaving a degree of permanent weakness. 
Mortality rate is 3–8%, most often secondary to 
complications of prolonged hospitalization (pul-
monary embolus, sepsis, respiratory failure.) 
However, more rarely, autonomic dysfunction 
can result in lethal cardiac dysrhythmias, also 
contributing to the mortality of GBS.

Question 3:
How is a diagnosis of GBS established?

Answer:
GBS is a clinical diagnosis. As such, it is made by 
recognition of a rapidly evolving ascending paral-

ysis, diminished or absent reflexes, all in a setting 
of appropriate clinical history (recent infectious 
symptoms) and absence of fever or other systemic 
symptoms which would point toward alternative 
diagnoses. The Brighton Collaboration developed 
a set of criteria for diagnosis of GBS in 2011 
which have since been validated.

Brighton collaboration diagnostic criteria
Bilateral/flaccid weakness of limbs
Diminished/absent deep tendon reflexes in affected 
limbs
Monophasic clinical course of 28 days or less
Absence of alternative diagnosis for weakness
CSF cell count <50/μL
CSF protein concentration > normal value
Nerve conduction studies consistent with GBS

The more criteria satisfied, the more likely the 
diagnosis of GBS. Generally, if CSF has not been 
obtained, nerve conduction studies must be con-
sistent with GBS.

Question 4:
What is the treatment for GBS?

Answer:
Treatment for GBS can be thought of as two sep-
arate strategies: therapeutic and supportive. Both 
plasma exchange and IVIG administration have 
been shown to be effective for therapeutic treat-
ment of GBS. Plasma exchange is generally per-
formed as five sessions over approximately 
2 weeks. IVIG in a total dose of 2 g/kg of body 
weight is usually administered over 2–5  days. 
Neither plasma exchange nor IVIG are thought to 
be more effective than the other, and combining 
the two treatments is not thought to be more 
effective than either treatment alone. Selection of 
therapy generally is based on cost and availabil-
ity. Although IVIG is generally better tolerated 
and more widely available compared to plasma 
exchange, it is also more expensive. Both oral 
and IV steroid administration has been proven 
ineffective for treatment of GBS, and as such 
 steroids are not considered as a therapeutic 
option. There are monoclonal antibodies cur-
rently under clinical investigation as possible 
therapeutic adjuncts for GBS treatment.
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Although both plasma exchange and IVIG 
have proven effective treatments for GBS, many 
patients still have prolonged clinical courses, 
with sometimes incomplete recovery, and a not 
insignificant mortality rate. This underscores the 
importance of supportive care in patients with 
GBS.  Early recognition of potential need for 
mechanical ventilatory support is essential, via 
trending vital capacity and/or ABG values, and 
transitioning to care in an ICU when appropriate. 
Early and aggressive mobilization and physical 
therapy are essential, along with appropriate 
methods of preventing pressure ulcers, DVTs, 
ventilator-associated pneumonia, and provision 
of adequate nutritional support. Psychologic sup-
port is also important in this patient population.

Question 5:
Is this patient at risk for perioperative complica-
tions due to his diagnosis of GBS?

Answer:
GBS patients present with several clinical issues 
which are of concern when considering provision 
of an anesthetic. GBS carries a substantial risk of 
inability to wean safely from the ventilator post-
operatively, given the inherent muscle weakness 
which is often the primary clinical component. 
GBS patients are also at risk of aspiration, espe-
cially if lower cranial nerve involvement is pres-
ent on preoperative evaluation. This may 
necessitate use of a rapid sequence induction of 
anesthesia for safely securing the patient’s air-
way as well as further complicate weaning safely 
from mechanical ventilation postoperatively. 
This is exacerbated if the ongoing use of pharma-
cologic neuromuscular blockade will be neces-
sary for the procedure.

An exaggerated hyperkalemic response to 
succinylcholine administration is possible in 
GBS patients, given that these patients often 
have decreased mobility and are frequently bed-
bound. Both sensitivity and resistance to non- 
depolarizing neuromuscular blocking drugs has 
been reported, necessitating avoidance of these 
drugs when possible or at least meticulous moni-
toring with a peripheral nerve stimulator if these 
drugs are necessary for safe surgical technique.

The prevalence of autonomic dysfunction and 
cardiac dysrhythmias in GBS patients necessitates 
close hemodynamic monitoring intraoperatively, 
especially during periods of intense stimulation 
(direct laryngoscopy, surgical incision) or during 
changes of position intraoperatively.

As with any preoperative evaluation, a frank 
discussion and appropriate documentation as 
such regarding perioperative risks with the 
patient and family members is appropriate.

23.2  Intraoperative

Question 6:
How does the diagnosis of GBS affect your anes-
thetic plan?

Answer:
As discussed above, GBS patients often have 
lower cranial nerve involvement affecting their 
pharyngeal muscle function. This places them at 
higher risk of aspiration, and as such a rapid 
sequence induction should be considered in these 
patients.

Given the prevalence of autonomic dysfunc-
tion and cardiac dysrhythmias in GBS patients, 
arterial catheterization for continuous hemo-
dynamic monitoring is strongly recommended. 
Particular attention should be paid to the patient’ 
hemodynamics during periods of increased stimu-
lation (direct laryngoscopy, surgical stimulation) 
as well as during positional changes to facilitate 
surgical approach and on initiation of abdominal 
insufflation if this will be utilized for the proce-
dure. Exaggerated responses should be antici-
pated with treatment at the ready. Thoughtful 
placement of the transducer for an arterial cath-
eter is also important. For example, if patient 
will be in steep reverse Trendelenburg position, 
it may be prudent to place the transducer at ear 
level to better approximate cerebral perfusion 
and promote early recognition and treatment of 
relative hypotension.

This also highlights the need for close com-
munication between the anesthetic and surgical 
teams so that problems can be anticipated and 
dealt with in a timely manner. There are times 
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when the most appropriate treatment for an exag-
gerated hemodynamic response may simply be 
stopping the stimulus while other measures are 
instituted.

Regional anesthesia is used by some practitio-
ners in GBS patients although this remains con-
troversial, as there are case reports of worsened 
symptoms.

Question 7:
Will the diagnosis of GBS affect your choice of 
pharmacologic agents?

Answer:
Succinylcholine is best avoided in GBS patients 
due to a potential for excessive potassium 
release from denervated skeletal muscle. Non- 
depolarizing neuromuscular blocking drugs can 
be used if necessary in GBS patients, but both 
sensitivity and resistance have been reported, 
making meticulous nerve stimulator monitoring 
essential. Given the hemodynamic side effects 
associated with pancuronium administration, it is 
best avoided in GBS patients who are already at 
risk for hemodynamic instability. Sugammadex 
can be used as necessary to ensure adequate rever-
sal of neuromuscular blockade if rocuronium or 
vecuronium were the agent used.

Given the high prevalence of autonomic dys-
function with GBS, it would be prudent to keep 
short acting and easily titratable vasoactive medi-
cations readily available.

23.3  Postoperative

Question 8:
How can you best assess readiness for extubation 
postoperatively?

Answer:
Given their muscular weakness at baseline, GBS 
patients are at higher risk to require postopera-
tive ventilation. Many commonly used anesthetic 
drugs exacerbate this weakness, especially in 
the setting of neuromuscular blocking drugs. 
Ensuring adequate reversal of neuromuscular 
blockade is essential. Traditional extubation 

parameters such as NIF less than −20  cm  H20 
and vital capacity of 15 mL/kg apply. In addition, 
the potential for pharyngeal muscle dysfunction 
makes assurance of adequate airway protective 
reflexes pertinent prior to extubation.

Multiple Choice Questions
 1. A 60-year-old female presents with complaint 

of bilateral lower extremity weakness which 
has gradually progressed over several days. 
All of the following are consistent with a diag-
nosis of GBS except:
 (a) Upper respiratory infection 2  weeks 

previously
 (b) Mild fevers
 (c) Loss of deep tendon reflexes
 (d) Elevated CSF protein levels
Answer: b

GBS is a clinical diagnosis. The Brighton 
Collaboration developed diagnostic criteria for 
GBS which have since been validated. Answers 
A, C, and D would all support a diagnosis of 
GBS.  The presence of fevers would actually 
prompt a practitioner to pursue other clinical 
explanations for the patient’s symptoms

 2. In the patient from question 1, you suspect 
GBS as the most likely diagnosis. What is the 
most appropriate treatment?
 (a) Steroid pulse followed by 7 day taper
 (b) IVIG
 (c) Broad spectrum antibiotics tailored to 

CSF culture results
 (d) Aggressive physical therapy
Answer: b

IVIG and therapeutic plasma exchange have 
proven effective in the treatment of GBS. With 
neither therapy thought to be superior and a 
combination of both generally thought to not be 
superior to either one alone, the choice gener-
ally comes down to availability and cost. 
Corticosteroids have not proven effective in 
treatment of GBS.  While GBS is associated 
with a recent history of infection, antibiotics 
are not helpful in treatment as GBS is an auto-
immune disorder. Aggressive physical therapy 
can help limit long-term morbidity associated 
with GBS and is an important part of support-
ive care but is not therapeutic in and of itself
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 3. A GBS patient requires a rapid sequence 
induction for safe airway management during 
an anesthetic. What is the appropriate choice 
of drug for neuromuscular blockade?
 (a) Succinylcholine
 (b) Pancuronium
 (c) Rocuronium
 (d) Vecuronium
Answer: c

Although succinylcholine provides rapid 
onset of ideal intubating conditions, it is best 
avoided in GBS patients due to the potential for 
exaggerated hyperkalemic response in dener-
vated skeletal muscle. Rocuronium, if given at 
an appropriate dose (1  mg/kg or more) can 
result in optimal intubating conditions in 
roughly the same timeframe as succinylcholine. 
Rocuronium, as a non-depolarizing agent, is not 
associated with acute hyperkalemia. In addition 
to being slower in onset, pancuronium is associ-
ated with increases in heart rate and blood pres-
sure via vagolytic and sympathomimetic 
properties. As such, pancuronium is not ideal 
in GBS patients who are already at risk for 
autonomic dysfunction. Vecuronium is slower 
in onset compared to rocuronium and is thus 
not an ideal choice for a rapid sequence 
induction

 4. A GBS patient is undergoing an anesthetic 
prior to exploratory laparotomy and becomes 
acutely hypertensive and tachycardic with 
direct laryngoscopy. After assuring adequate 
level of anesthesia and analgesia, what would 
be the most appropriate medication to treat the 
hypertension and tachycardia?
 (a) Hydralazine
 (b) Labetalol
 (c) Nitroglycerin
 (d) Esmolol
Answer: d

Assuming adequate anesthesia and analge-
sia in this patient, acute hypertension and 
tachycardia are best treated with short acting 
and easily titratable vasoactive agents. 
Hydralazine is associated with a reflex tachy-
cardia as well as a longer than ideal half-life. 
Labetalol would appropriately treat both the 
tachycardia and hypertension but the half-life 

is longer than is desirable for this likely acute 
issue. Nitroglycerin is short acting and titrat-
able but is a primary venous dilator especially 
at lower doses and as such is not an ideal inter-
vention in an acutely hypertensive patient. 
Esmolol will treat both the hypertension and 
tachycardia and has a very short half-life and 
as such is very titratable
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Management of Patient 
with Myasthenia Gravis

Sanchit Ahuja and Ashish K. Khanna

Question 1:
A 34-year-old woman with myasthenia gravis 
(MG) diagnosed 2  years ago is scheduled for 
an elective hysterectomy. She is currently on 
pyridostigmine 60 mg TID. Her vitals are nor-
mal for her age. Preoperative hematocrit is 
30 g%. You are in pre- anesthesia clinic. Discuss 
the etiology, clinical features, and diagnostic 
tests for MG and its differential diagnosis? 
(Table 24.1)

Clinical Pearl
• Both MG and Lambert–Eaton myasthenic syn-

drome (LEMS) are diseases of the 
NMJ.  However, in LEMS, muscle weakness 
improves with exercise, is usually associated 
with malignancy and caused by of antibodies 
to presynaptic voltage-gated P/Q-type calcium 
channels at NMJ. Patients with LEMS are sen-
sitive to muscle relaxants. Since LEMS is 
characterized by an absence of the release of 
ACh, anticholinesterases such as pyridostig-

mine (edrophonium) do not appreciably 
increase the amount of ACh, nor do they affect 
weakness as a symptom. Patients with LEMS 
are more sensitive to non-depolarizers than 
patients with MG.

• Factors that may aggravate MG includes emo-
tional stress, systemic illness, pregnancy, 
menstrual cycle, and increased temperature.

• The severity of MG is done according to 
Osserman classification system that classifies 
based on the muscle groups involved [10].

Class I—ocular weakness alone
Class II—mild weakness in muscle groups 

other than ocular
Class III—moderate weakness in muscle 

groups other than ocular
Class IV—severe weakness in other mus-

cle groups other than ocular
Class V—intubation necessary secondary 

to respiratory failure

Question 2:
What treatment options are available for this 
patient?

Answer:
Treatment goals must be individualized accord-
ing to severity and functional impairments and 
are based on the predicted response to a specific 
form of therapy. Additionally, response to any 
form of treatment is difficult to access because 
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Table 24.1 Comparing differential diagnosis of the conditions mimicking myasthenia gravis

Disease Etiology/pathophysiology Clinical features Diagnosis
Myasthenia 
gravis 
(MG) [1, 2]

Commonly caused by 
autoantibodies to 
acetylcholine receptors 
(AchR) on the post-
junctional membrane of 
neuromuscular junction. 
These antibodies block 
neuromuscular 
transmission and initiate a 
complement-mediated 
inflammatory response 
which reduces the number 
of AchR and damages the 
end plate
A minority have other 
autoantibodies to other 
epitopes, such as 
muscle-specific kinase 
(MuSK), an agrin receptor 
involved in the regulation/
maintenance of the Ach 
receptors

Relapsing/remitting course. 
Usually presents between 
15–50 years, female 
predominance in younger ages 
and reverse at older ages
Cardinal symptoms are abnormal 
fatigable, fluctuating weakness of 
voluntary muscles, often involving 
facial and eye muscles; worsening 
towards the end of the day or 
following exercise is 
characteristic. Initial symptoms 
include intermittent ptosis or 
diplopia, but weakness of 
chewing, swallowing, speaking, or 
limb movement also occurs. Any 
limb muscle may be affected, 
most commonly those of the 
shoulder girdle. Respiratory 
muscles may also be involved
No sensory signs or signs of CNS 
involvement, although weakness 
of the oculomotor muscles may 
mimic a central eye movement 
disorder

Diagnosis primarily based on 
history and physical examination, 
along with serological tests for 
autoantibodies (anti-AcR-Ab, 
anti-MuSK Ab) and 
electrophysiological studies 
(single fiber EMG)
Positive antibody titre can be 
found in 85% of patients

Guillain–
Barré 
syndrome 
[3, 4]

Cause unknown; may be 
autoimmune and theory 
supports acute infection 
triggered by virus. 
Invasion of myelin sheath 
by inflammatory cells

Acute inflammatory 
demyelinating polyneuropathy 
affecting the peripheral nervous 
system. Patients present with an 
acute neuropathy with ascending 
symmetric paralysis, hyporeflexia, 
or areflexia

Diagnosis primarily clinical. 
Supportive tests include CSF 
analysis and electrodiagnostic 
studies (electromyograph nerve 
conduction velocity)
Positive findings include raised 
protein concentrations in CSF 
(albuminocytological dissociation) 
and decreased amplitude in distal 
motor or sensory nerves

Transverse 
myelitis 
[5–7]

Caused by inflammation 
across both sides of one 
level, or segment, of the 
spinal cord

Pain is the primary presenting 
symptom 1/3rd–1/2 of all patients. 
Symptoms include a loss of spinal 
cord function occurring over 
several hours to several weeks. 
Begins as a sudden onset of lower 
back pain, muscle weakness, or 
abnormal sensations in the toes 
and feet, and can rapidly progress 
to more severe symptoms, 
including paralysis, urinary 
retention, and loss of bowel 
control. Clearly defined sensory 
level without signs of compressive 
lesion. A bandlike tightness 
around the chest or abdomen, 
weakness, tingling, numbness of 
the feet and legs. Bladder and 
bowel dysfunction are common

Diagnosis based on exclusion of 
any compressive lesion
Brain MRI helpful to rule out 
intracranial lesions. Spinal MRI 
typically shows cord swelling
CSF analysis may show signs of 
inflammation- monocytes, raised 
protein content, and IgG index is 
elevated (normal, ≤0.85)
EMG and neurological studies 
are normal
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Table 24.1 (continued)

Disease Etiology/pathophysiology Clinical features Diagnosis
Motor 
neuron 
disease [8, 
9]

Progressive 
neurodegenerative disease 
that attacks the upper and 
lower motor neuron

Degeneration of the motor neuron 
leads to weakness and wasting of 
muscles, causing increasing loss 
of mobility in the limbs, and 
difficulties with speech, 
swallowing, and breathing

Clinical diagnosis along with 
EMG, NCV, and PET scan. EMG 
studies shows active (positive 
sharp waves, fibrillation 
potentials) and chronic 
denervation patterns (increased 
amplitude and duration of action 
potential). PET scan may 
represent reduced glucose 
consumption in precentral gyrus

Table 24.2 Available treatment options for a patient presenting with MG

Treatment options available [11] Therapy Comments
Symptomatic treatments
Medical

Acetylcholinesterase 
(AChE) inhibitors
• Pyridostigmine
• Neostigmine

–  Need for AChE inhibitors varies from day to day 
and also within same day

–  Different muscles respond differently with any 
dose, certain muscles get stronger, others do not 
change while others become weaker

–  Drug schedule should be titrated according to the 
patients workload

Chronic immunomodulating 
treatments [12]

Steroids
• Prednisone
Immunomodulators
• Azathioprine
• Cyclosporine
• Mycophenolate

–  Marked improvement or complete relief of 
symptoms occurs in 75% of cases

–  Improvement in first 6–8 weeks, but strength may 
increase to total remission over months

–  Best responses noted patients with recent disease
–  Presence of thymoma has excellent response

Rapid immunomodulating 
treatments

• Plasmapheresis
• IV immune globulin

–  Quick onset and generally reserved for myasthenic 
crisis

–  Preoperative use to maintain remission
–  Not recommended for long-term treatment

Surgical treatment Thymectomy –  Presence of thymoma regardless of status except 
for those with only ocular features

–   Absence of thymoma in patients with generalized 
MG and AChR antibodies

the severity of symptoms fluctuates. Table 24.2 
demonstrates available treatment options for a 
patient presenting with MG.

Question 3:
You began to review this case and completed a 
thorough history and physical exam, including 
the consideration of several problems such as 
severity of MG, prior history of exacerbations or 
myasthenic crisis, treatment regimen, open vs. 
laparoscopic procedure, anemia, and the possibil-
ity of positioning such as steep Trendelenburg. 
General anesthesia is planned. You specifically 

want to know how well this patient will perform 
after surgery and focus specific attention to the 
patient’s ability to protect her airway. Routine 
preoperative laboratory work up including an 
EKG, and thyroid function tests is sent along 
with pulmonary function test is ordered to check 
baseline status. What is the utility of preoperative 
pulmonary function tests in this patient?

Answer:
Preoperative assessment should be individu-
alized. Pulmonary function test is a helpful 
modality in assessing baseline lung parameters 
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including strength and endurance. In an ideal 
 scenario, the decision should be collective and 
coordinated with the patient’s neurologist. 
These are not always indicated but are helpful in 
assessing the baseline parameters or if respira-
tory impairments at all exist. A restrictive pattern 
is usually found in MG patients where all lung 
volumes are decreased (Table  24.3, Fig.  24.1). 
FEV1 and FVC both are decreased, therefore 
FEV1/FVC ratio may be normal to increased. 
Flow volume loops in supine and upright posi-
tion are also helpful to determine any likelihood 
of extra- or intra- luminal, fixed or dynamic tho-

racic obstruction (in cases of occult thymoma) 
which may become evident immediately after 
induction of anesthesia [13]. Peak inspiratory 
flow requires active patient strength and is pre-
dictive for postoperative pulmonary complica-
tions. Elective surgery should be performed 
during a stable or quiescent disease phase, pref-
erably early in the day when the patient’s muscle 
strength is at its best. Primary focus should be on 
bulbar and respiratory symptoms and exacerba-
tion of myasthenic crisis. Importantly, anesthe-
siologists should determine the extent of bulbar 
or  respiratory involvement and frequency, and 
severity of recent myasthenic weakness attacks. 
The dosage of anticholinesterase drugs should 
be readjusted to obtain optimal symptomatic 
relief preoperatively.

Clinical Pearl
• Myasthenic crisis is the most common cause 

of death in MG patients. It can be precipitated 
by surgery itself [14]. Although insufficient 
evidence exists, nonetheless, a retrospective 
study done on thymomatous MG demon-
strated a strong association between FVC and 
myasthenic crisis after thymectomy [15]. 
Another study also showed an association of a 
lower preoperative FVC with postoperative 
myasthenia crisis in patients undergoing trans- 
sternal thymectomy [16].

• Routine thyroid function tests should be 
ordered in all MG patients, since almost 3–8% 
have hyperthyroidism which may potentiate 
respiratory muscle weakness [17].

• Consider preoperative CT scan to look for 
occult compression and measure tracheal 
diameter if a thymoma is present. Normal tra-
cheal diameter is 2.2 cm for men and 1.7 cm 
for women. The external diameter of 7.5 F tra-
cheal tube corresponds to 1.1  cm and 6.5  F 
corresponds to 0.9  cm [18]. Preoperative 
assessment may not always be predictive of 
ease of intubation and ventilation. Sometimes 
flow volume loops lack clinical significance. 
Hence, anesthesiologists should always be 
prepared for a difficult airway situation.

• MG is an autoimmune disease and may be 
associated with other autoimmune disorders, 

Table 24.3 Spirometry pattern in restrictive lung 
disease

Value Restrictive disease
FVC ↓↓↓
FEV1 ↓↓↓
FEV1/FVC Normal
FEF25–75% Normal
FRC ↓↓↓
TLC ↓↓↓

Decrease
in volume

1
–8

–6

–4

–2

0

2

4

6

8

2 3 4

Inspiratory

Expiratory

Volume (L)

F
lo

w
 (

L/
se

c)

FVC

Fig. 24.1 Flow volume curve; blue line represents nor-
mal lung and red line represents restrictive ventilatory 
defect
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for example, diabetes, autoimmune thyroid-
itis, SLE, rheumatoid arthritis, etc.

• Preoperative hypokalemia may be detrimental 
as it may exacerbate muscle weakness.

Question 4:
Preoperative laboratory values are normal. You 
have instructed the patient to continue her usual 
dose of pyridostigmine on the day of surgery. The 
surgeon and the patient’s neurologist are con-
tacted, and surgery is scheduled as the first case 
of the day. Her PFTs show a vital capacity of 
2.5 L and a diffusion capacity for carbon monox-
ide (DLCO) 70% of predicted. The patient is 
counselled for a possible need for postoperative 
mechanical ventilation. What risk factors for the 
MG patient determine the need for postoperative 
ventilatory support?

Answer:
A set of four risk factors also known as the 
Leventhal criteria for postoperative ventilation 
were identified that predicted an increased likeli-
hood for the need for postoperative mechanical 
ventilation in patients with MG following trans-
cervical thymectomy [19, 20].

These risk factors include:

 1. Duration of disease ≥72  months (≥6  years) 
[12 points]

 2. History of a chronic respiratory disease [10 
points]

 3. Pyridostigmine dose of >750  mg/day [8 
points]

 4. Vital capacity <2.9  L (or <40  mL/kg) [4 
points]

A total score of ≥10 predicts likely need of 
postoperative ventilation >3 h.

These clinical markers were established in 
1980 and are commonly considered applicable 
to MG patients undergoing other surgeries; how-
ever, subsequent data found them to have little 
or no actual significance. Concurrent disease 
processes, especially pulmonary diseases are 
associated with an increased risk for postop-
erative intubation in patients with MG.  These 
risk factors are not absolute but nonetheless 

help the anesthesiologists to focus on impor-
tant patient characteristics and may be useful in 
preoperative evaluation and postoperative care 
decision-making.

Pulmonary function tests are often performed 
to monitor pulmonary function of patients with 
MG. When the vital capacity falls below 2.9 L 
(<40 mL/kg), there is an increased risk for post-
operative ventilatory support. Vital capacity is 
the maximum amount of air expelled after a max-
imal inhalation. Vital capacity decreases slightly 
with age and is normally 3–5 L.

Additionally, congestive heart failure and 
Clostridium difficile diarrhea are also associated 
with prolonged intubation. Clostridium difficile 
causes a metabolic acidosis, and respiratory com-
pensation (increased minute ventilation) is diffi-
cult for MG patients [21].

This patient is taking 180  mg/day of pyr-
idostigmine, which is below the doses typically 
associated with an increased risk for postopera-
tive ventilatory support (>250–750  mg/day). 
Pyridostigmine is a cholinesterase inhibitor that 
increases the amount of acetylcholine at the NMJ 
and competes with the Ach-Ab, hence improving 
muscle strength. This patient should continue 
pyridostigmine in perioperative period, and 
missed doses may lead to increased neuromus-
cular weakness and may cause failed extubation. 
In addition, having MG for <72  months (as in 
our case) predicts a decreased likelihood that 
postoperative mechanical ventilation will be 
required compared to patients with a disease 
duration of ≥72 months.

In total, a low preoperative vital capacity 
(often defined as <2.9 L) has been one of the fac-
tors most strongly associated with the need for 
postoperative mechanical ventilation, whereas 
the predictive ability of factors like disease dura-
tion or pyridostigmine dosage has been inconsis-
tent across studies [22]. Age and sex are also not 
as predictive.

Clinical Pearl
• In patients who have poorly controlled MG, 

a course of plasmapheresis prior to surgery 
is helpful typically when vital capacity is 
<2 L [23].
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Steroid-dependent patients should be con-
tinued on steroid in the perioperative period. 
Thymectomy is the only definitive treatment 
for MG.  Unfortunately, the indications for 
thymectomy are few. These includes new 
onset generalized MG, presence of thymoma, 
and failure of long-term treatment.

• Some clinicians may choose to hold anticho-
linesterase on the morning of surgery in antic-
ipation of decrease need of muscle relaxants 
[24]. However, majority of practice patterns 
and protocols encourage a continuation of 
anticholinesterase on the day of surgery.

Question 5:
Patient arrived on the day of surgery per instruc-
tions, and the acute pain service was consulted to 
manage pain control. The service is considering 
an epidural catheter for intra- and postoperative 
pain control. What are the benefits of regional 
anesthesia and analgesia in this patient?

Answer:
Regional anesthetic technique including neuraxial 
and peripheral nerve blocks are safe and confer 
many benefits including intra- as well as postopera-
tive pain control with minimal or no opioid use [25, 
26]. MG has never been shown to cause an increased 
sensitivity to local anesthetics [27]. It offers two 
advantages at least, first by minimizing opioids the 
risk of respiratory depression can be prevented, sec-
ondly it provides better analgesia with improvement 
of respiratory mechanics. Esters—local anesthet-
ics—are metabolized by pseudocholinesterase and 
may have a theoretical concern of prolonged effects 
due to anticholinergic treatment. Local anesthetics 
such as bupivacaine, and ropivacaine are potentially 
safe to use in epidurals [28]. Whenever local anes-
thetics are used in MG patients, a judicious use of 
drug dose is imperative.

MG patients have respiratory muscle weak-
ness, and peripheral nerve blocks such as inter-
scalene block (possibility of phrenic nerve 
involvement) can be a concern [29]. Anxiolytic 
drugs should also be minimized and potentially 
avoided in patients who have bulbar involvement 
since these patients have little reserve. If neces-
sary, smallest effective dose of BZD can be given 

under close monitoring. For patients who are 
maintained on corticosteroids, blood glucose 
should be monitored in perioperative period.

Question 6:
A low thoracic epidural is placed and the patient 
is taken to surgery. General endotracheal anes-
thesia is planned considering the need for relax-
ation and the type of surgery. Standard ASA 
monitors are placed. What additional monitoring 
would you consider throughout this case?

Answer:
Standard ASA monitors with additional monitor-
ing as dictated by patient comorbidities along 
with neuromuscular monitoring is the basic mini-
mal requirement [30]. In MG, there can be a pos-
sibility of overestimation of NMB at one site 
which may not correlate the same relaxation to 
other sites. A standard peripheral nerve stimula-
tor to objectively assess degree of neuromuscular 
blockade such as TOF ratio may be helpful to 
some extent. Recent data also suggests that sever-
ity of MG impacts the relationship between TOF 
ratio and T1, hence it may not be fully accurate in 
MG patients [31]. Also, no standard TOF ratio is 
established in literature for safe recovery [32]. 
Other adjuncts to monitor possible residual block 
may be used such as accelerography, mechano-
myography, or electromyography. Peripheral 
nerve stimulators should be used to record base-
line even if skeletal muscle relaxants are not 
used. An arterial line may be helpful to draw 
blood gases and monitor hemodynamics.

Question 7:
What medications should be avoided in this 
patient?

Answer:
There are several medications that have some 
muscle relaxing properties and may exacerbate 
weakness. Important among these are some spe-
cific antibiotics. These medications should be 
avoided as prophylaxis however must be used to 
treat specific infections, only if needed. Table 24.4 
represents commonly used drugs that should be 
avoided in MG patients.
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Question 8:
Describe the choice of anesthetics you would 
prefer to use during induction and maintenance?

Answer:
Patients with MG have little respiratory reserve 
and therefore opioid or benzodiazepines are used 
cautiously as premedication. One may choose to 
completely depend on deep inhalational anesthe-
sia with rapid volatile agents for intubation and 
maintenance. They have an advantage of rapid 
onset and quicker emergence at the end of surgery 
but may have a downside of inferior relaxation, 
hemodynamic instability, and high dose of vola-
tile anesthetics compared to skeletal relaxants. 
Sevoflurane may be better choice owing to low 
blood gas coefficient, concentration- dependent 
inhibitory action on neurotransmission and caus-
ing less irritation to airways [42].

Total intravenous anesthesia (TIVA) can 
also be used. This technique is somewhat toler-
ated well by younger patients because of known 
hemodynamic fluctuations. Propofol can be 
used reliably as an induction agent along with 
remifentanil (ultra-short acting opioid) can be 
a  reasonable option. Other agents helpful to 
blunt the sympathetic response are lidocaine and 
esmolol.

The decision to use muscle relaxants should 
be individualized. Rapid sequence intubation 

may be considered in patients with bulbar 
involvement or severe disease with high risks of 
aspiration.

MG patients have fewer acetylcholine recep-
tors on the muscle end plate and are more resis-
tant to depolarizing muscle relaxants. ED95 of 
succinylcholine for MG patients is 2.6 times that 
of non-MG patients and there is no associated 
hyperkalemic response. Recovery occurs as suc-
cinylcholine diffuses away from the neuromuscu-
lar junction, down a concentration gradient and 
metabolized by plasma cholinesterase. Prior 
treatment with anticholinergics such as pyr-
idostigmine may prolong the effect of depolariz-
ing muscle relaxant. Hence larger dose is needed 
to intubate, and the duration response appears to 
be unpredictable. Also, these patients are prone 
to develop Phase II block with repeated doses of 
succinyl choline.

Additionally, MG patients are also very sensi-
tive to non-depolarizing muscle relaxants because 
of competitive inhibition for fewer AchR sites at 
NMJ.  Therefore, reduced doses of non- 
depolarizing muscle relaxants are recommended. 
1/5th–1/10th the calculated weight-based dose is 
enough to cause muscle relaxation effect. They 
should be administered in small incremental 
doses, preferably graded boluses titrated to the 
effect by the use of a TOF monitor. This sensitiv-
ity is seen even in post-thymectomy patients, 

Table 24.4 Commonly used drugs that should be avoided in MG patients

Medications that may worsen myasthenia 
symptoms Medications may be associated with exacerbation occasionally
1. Antibiotics [33]
  (a)  Aminoglycosides—impair 

neuromuscular transmission
    • Gentamycin
    • Kanamycin
    • Neomycin
    • Streptomycin
  (b)  Tetracyclines [34]—potentiate 

neuromuscular blockade of succinyl 
choline

  (c) Macrolides [35]
    • Erythromycin
    • Azithromycin
  (d) Fluoroquinolones [36]
  (e) Vancomycin [37]
2.  Corticosteroids—reduce acetyl choline 

release and alter choline transport

1. Anticonvulsants [38]
   • Carbamazepine
   • Ethosuximide
   • Gabapentin
   • Phenobarbital
   • Phenytoin
2. Butyrophenones
   • Haloperidol
3. Phenothiazines
   • Chlorpromazine/prochlorpromazine
4. Calcium channel blockers [39]
5. Iodinated contrast agent [40]
6.  Local anesthetics [41]—potentiate the effect of neuromuscular 

agents and reduce sensitivity of the post- junctional membrane 
to acetylcholine
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more in generalized disease than in ocular myas-
thenic [43, 44]. Mann et  al. also demonstrated 
pre-induction T4/T1 to predict individual dose of 
atracurium in MG.  The author concluded that 
patients with T4/T1 < 0.9 require smallest dose 
of atracurium while those with T4/T1  >  0.9 
require doses similar to non-MG patients [45].

The other technique is utilizing combination of 
IV anesthetics, volatiles, and graded small boluses 
of muscle relaxants under TOF monitoring.

In our case, general anesthesia with thoracic 
epidural is a wise choice and starting epidural 
with graded boluses in turn helps reducing opioid 
requirement. For optimal relaxation, we decided 
to use sevoflurane and reduced doses of non- 
depolarizing muscle relaxants.

Question 9:
During intraoperative period, the patient devel-
ops bradyarrhythmias accompanying pre-mature 
atrial contractions; however, the blood pressure 
seems to be stable. What is the etiology of 
arrhythmias in MG patients and how would you 
treat?

Answer:
Arrhythmias and cardiomyopathy can occur in 
MG patients due to myocarditis. It may reveal as 
asymptomatic EKG changes to unstable ventric-
ular tachycardias. Cardiac involvement suggests 
autoimmune target for both skeletal and cardiac 
muscles in MG.  Anticholinesterases reduce the 
action potential duration and slow down sinus 
rate which may potentiate the myocardial depres-
sant effect of anesthetics such as volatile agents. 
Anticholinergics, for example, atropine, usually 
reverses this effect. However, if not reversed 
immediately, one should always follow routine 
ACLS guidelines of arrhythmias.

Question 10:
The surgery is close to end, during the surgery 
the patient received intermittent boluses of 
rocuronium. How will you reverse this patient?

Answer:
However, the unpredicted response of mus-
cle relaxants can land up into a dilemma of 

reversing or not reversing at the end of surgery 
because it will be difficult to individuate cho-
linergic crisis if patient lands up in such sce-
nario. ACEI blocks the degradation of Ach and 
increases concentration of Ach at NMJ, causing 
muscle contraction. Patients who are already on 
ACEI, risk of overdose and hence cholinergic 
crisis might occur with the simultaneous use 
of ACEI reversal. Additionally, in anti-MuSK 
patients, there are reports of hypertensive reac-
tion with the use of ACEI. Out of the available 
NMBA, the steroid- based agent rocuronium can 
be rapidly and efficiently reversed by sugam-
madex. It does not bind neuromuscular block-
ing drugs that do not have a steroid nucleus. 
Block produced by succinylcholine or by any 
of the benzylisoquinolines, such as atracurium, 
cisatracurium and mivacurium, is unaffected by 
sugammadex [46].

Sugammadex is capable of reversing any depth 
of neuromuscular blockade induced by steroidal 
neuromuscular blockers (such as rocuronium, and 
to a lesser extent pancuronium and vecuronium) 
by forming a 1:1 inactive complex and creating 
a concentration gradient for the neuromuscular 
blocker to move away from the neuromuscular 
junction further leading to restoration of normal 
neuromuscular function without interfering with 
cholinergic mechanisms, therefore continuation 
of pyridostigmine will not affect the efficacy of 
reversal. Other predictable and reliable signs of 
extubation may be helpful.

Recent literature also showed different recov-
ery time among two different muscle groups with 
sugammadex—careful monitoring is indicated 
even after reversal [47].

As for any patient with a neurodegenerative 
disease, delayed emergence and an increased 
likelihood of respiratory complications must be 
anticipated after surgery. Our patient was reversed 
by sugammadex after successful signs of extuba-
tion were observed.

Question 11:
The patient was extubated and transferred to 
PACU. She states that she feels weak and is hav-
ing trouble breathing in the PACU. What would 
be some appropriate treatment options?
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Answer:
The likely cause for muscle weakness and 
hypoventilation in this patient is either a myas-
thenic crisis or a cholinergic crisis. Both can result 
in muscle weakness. MG patients can exhibit neu-
romuscular weakness several hours post-surgery 
necessitating intubation and therefore should 
be closely monitored in high definition units or 
ICU.  Anticholinesterases medication should be 
reestablished as soon as possible after extubation. 
Common precipitating factors for myasthenic 
crisis include surgical stress, infections, sedation, 
and emotional stress [14]. Myasthenic crisis may 
be defined as respiratory failure or delayed extu-
bation due to weakness of upper airways muscles 
(such as respiratory or bulbar) causing dysphagia, 
change in phonation, weak cough further leading 
to hypoventilation, aspiration, or obstruction. 
A myasthenic crisis should be treated with pyr-
idostigmine. Approximately, 8–27% of patients 
experience myasthenic crisis.

Cholinergic crisis may be due to overdose of 
anticholinesterases exhibiting signs of choliner-
gic excess (bradycardia, salivation, lacrimation, 
urination, defecation, gastrointestinal distress, 
and emesis) and may also lead to severe muscle 
weakness. In a cholinergic crisis, the pupils 
are constricted, whereas in a myasthenic cri-
sis they are dilated. Anticholinergics are used 
to treat mild disease. Moderate to severe dis-
ease is treated by anticholinergics and immu-
nomodulating therapy including corticosteroids 
followed by azathioprine, cyclosporine, cyclo-
phosphamide, and IVIG.

In a myasthenic crisis, a small dose of edro-
phonium improves muscle strength; in a cho-
linergic crisis, it does not improve muscle 
weakness. Any further doses of neostigmine 
should be used cautiously to avoid a cholinergic 
crisis. Differentiating these two scenarios is vital. 
Myasthenic crisis may involve prolonged respi-
ratory support and urgent therapy with plasma 
exchange or IVIG. Additionally, immunomodu-
lating therapy may be considered and a neurol-
ogy consult should be obtained.

Other considerations may include recurariza-
tion, opioid-induced respiratory failure, and 
insufficient analgesia. Doxapram is a respiratory 

stimulant and naloxone may be helpful in revers-
ing opioid-induced respiratory depression.

Question 12:
The patient continued to feel weak, lethargic and 
also complains of “insufficient muscle strength.” 
ABG showed respiratory acidosis and decision 
was made to reintubate the patient and transfer 
further care to ICU. How will you manage post- 
extubation respiratory failure?

Answer:
Post-extubation respiratory failure management 
should include low threshold to intubate in 
immediate postoperative period. It is important 
to differentiate myasthenic and cholinergic cri-
sis since the treatment strategy is different for 
both. The two conditions may be differentiated 
clinically with Tensilon test. Small dose (10 mg) 
of edrophonium is administered intravenously 
and the response is noted clinically. Improvement 
in muscle strength represents myasthenia crisis, 
whereas worsening of symptoms or no change 
indicates cholinergic crisis. After the establish-
ment of myasthenic crisis is made in intubated 
patient, neurologist should be involved to rap-
idly initiate plasma exchange or IVIG therapy. 
Anticholinesterases can be temporarily with-
drawn as it may complicate the ventilatory man-
agement and can be started when patient starts 
to exhibit clinical improvement. The reports on 
usefulness of non-invasive ventilation therapy 
are limited. Table  24.5 illustrates differences 
between myasthenia crisis and cholinergic 
crisis.

Question 13:
Discuss the predictors of extubation failure in 
ICU in this patient?

Answer:
Limited studies were done on predictors of extu-
bation failure with patients having myasthenic 
crisis. Older age, pulmonary infections, lower 
PH, lower FVC, and atelectasis are known risk 
factors for increased risk of extubation fail-
ure in MG patients. In a study, atelectasis was 
found to be consistently present in all patients 
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who had extubation failure [48]. General guide-
lines such as improved sustained respiratory 
muscle strength, FVC > 15 mL/kg, and MIP of 
−20 cm H2O should be considered to determine 
the  timing of extubation. Bedside PFTs are 
helpful in assessing the readiness of patient for 
extubation. Early tracheostomy facilitates bet-
ter pulmonary toileting especially in patients 
with preoperative severe disease, and longer 
duration of intubation. Optimal pain relief with 
multimodal analgesics regimen especially in 
patients who underwent abdominal surgeries is 
also important.

Multiple Choice Questions
 1. Which of the following is true regarding the 

etiology of MG?
 (a) Autoimmune disease affecting the neuro-

muscular system characterized by fluctu-
ating muscle weakness commonly 
involving voluntary muscles, often the 
facial and eye muscles

 (b) Acute inflammatory demyelinating poly-
neuropathy affecting the peripheral ner-
vous system

 (c) Neurological disorder caused by inflam-
mation across bilateral segmental levels 
of the spinal cord

 (d) Progressive neurodegenerative disease 
that attacks the upper and lower motor 
neurons

Answer: a
MG is the most common neuromuscular- 

autoimmune entity caused by antibodies 
directed against postsynaptic acetylcholine 
receptors leading to compromised end plate 
potential, and hence the effective synaptic 
transmission. It is characterized by fluctuat-
ing degree of skeletal muscle weakness pri-
marily involving facial, eye, respiratory, or 
limb muscles. The other four neuromuscular 
disorders that may present a confusing pic-
ture with MG clinically are illustrated in 
Table 24.1.

 2. Which of the following preoperative pulmo-
nary function test is most likely normal?
 (a) FEV1
 (b) FVC
 (c) FEV1/FVC (correct)
 (d) Peak inspiratory flow
Answer: c

MG leads to respiratory muscle weakness 
which may manifest as restrictive ventilatory 
impairment leading to decrease in all lung vol-
ume (Refer Table  24.3). FEV1 and FVC are 
equally reduced; however, the decline in FVC 
is more than that of FEV1, resulting in normal 
to high FEV1/FVC.

 3. Which of the following is MOST likely to 
increase the patient’s risk for needing postop-
erative ventilatory support?
 (a) Pyridostigmine dose of 180 mg/day
 (b) Age > 30 years
 (c) Disease duration of 2 years
 (d) Vital capacity of 2.5 L (answer)
Answer: d

Out of the four risk factors listed in 
Leventhal criteria, low preoperative vital 
capacity (often defined as <2.9  L) has been 
one of the factors most strongly associated 
with the need for postoperative mechanical 
ventilation, whereas the predictive ability of 
factors like disease duration (c) or pyridostig-

Table 24.5 Differences between myasthenia crisis and 
cholinergic crisis

Myasthenic crisis Cholinergic crisis
Exacerbation of myasthenic 
symptoms following 
precipitating factors or due 
to inadequate dose of 
anticholinesterases—
manifested as increased 
muscle weakness, ptosis, 
bulbar weakness, impaired 
swallowing, and 
hypersecretions which may 
further lead to aspiration

Acute exacerbation 
following excessive 
anticholinesterases 
resulting in increased 
Ach, causing muscle 
weakness, flaccid 
paralysis, fasciculations, 
twitching, miosis, 
salivation, sweating, 
lacrimation
Weakness occurs within 
1 h of anticholinesterases

Respiratory distress is 
common feature

Respiratory distress is 
common feature

Improved muscle strength 
after IV anticholinesterases

Worsening of symptoms 
noticed after 
anticholinesterases

Treatment begins with 
airway protection, active 
suctioning, withholding 
anticholinesterase—
ineffective for few initial 
days

Treatment begins with 
airway protection, 
withholding 
anticholinesterases, 
glycopyrrolate, or 
atropine
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mine dosage (a) has been inconsistent across 
studies [22].

 4. Which of the following statement about 
regional anesthesia of pain control in MG 
patient is true?
 (a) Epidural or other regional techniques are 

contraindicated in this patient because 
high dose local anesthetics decrease sen-
sitivity of post-junctional membrane to 
acetyl choline.

 (b) Regional techniques such as peripheral 
nerve blocks and neuraxial are not contra-
indicated, albeit helpful as they decrease 
the systemic use of opioids.

 (c) Neuraxial anesthesia is proven to cause 
uncontrollable bleeding in MG patients 
when compared to general population.

 (d) None is correct.
Answer: b

Regional anesthetic technique including 
neuraxial and peripheral nerve blocks are 
not contraindicated, in fact they are safe and 
confer many benefits including intra- as 
well as postoperative pain control with min-
imal or no opioid use [25, 26]. MG has 
never been shown to cause an increased sen-
sitivity to local anesthetics [27]. It offers 
advantages by minimizing opioids—the risk 
of respiratory depression, and secondly bet-
ter analgesia with improvement of respira-
tory mechanics.

 5. Out of the following risk factors, which one 
was found to be consistently associated and 
had increased likelihood of extubation failure 
and reintubation:
 (a) Elderly age
 (b) Atelectasis
 (c) Pulmonary infection
 (d) Acidosis
Answer: b

General guidelines such as improved sus-
tained respiratory muscle strength, 
FVC > 15 mL/kg, and MIP of −20  cm H2O 
should be considered to determine the timing 
of extubation. In an observational study pub-
lished in JAMA, atelectasis was found to be 
the strongest predictor of reintubation [48]. 

Noninvasive ventilation post extubation and 
aggressive pulmonary therapy may be helpful.
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Management of Patient 
with Parkinson’s Disease (DBS)

Sandra Machado

Stem Case Terminology
A 78-year-old male, 72 kg, with the diagnosis of 
medically intractable Parkinson’s disease (PD). 
PMH significant for multiple hospitalizations 
for pneumonia, autonomic dysfunction, and 
depression. Presents with “pill-rolling” tremor, 
muscular rigidity, postural instability, and bra-
dykinesia. He is currently taking levodopa/car-
bidopa and selegiline. VS: BP 135/68 lying flat 
and 105/42 standing up, HR 90, RR 18, satO2 
95%. Labs within normal range.

Question 1:
Which are the nuclei that constitute basal 
ganglia?

Answer:
Basal ganglia is formed by a complex circuitry 
that includes neurons of the caudate nucleus, 
putamen, subthalamic nucleus (STN), globus 
pallidus, and substantia nigra (SN).

Question 2:
What is the pathophysiology of PD?

Answer:
The most pronounced abnormality in PD is the 
loss of the nigrostriatal dopaminergic neurons 

originating from the SN pars compacta of the 
midbrain, resulting in dopamine depletion 
from basal ganglia [1]. As a result, there is a 
reduction in firing inhibition of extrapyrami-
dal motor neurons and unopposed stimulation 
by acetylcholine. The mechanism for cell 
death is unknown. But it is speculated that 
mitochondrial dysfunction, oxidative stress, 
excitotoxins, and immune system may play a 
role [2].

Question 3:
Which are the main drugs used in the manage-
ment of PD?

Answer:
The drugs used more often in the treatment of PD 
are levodopa/carbidopa, anticholinergic agents, 
dopamine receptor agonists, amantadine, and 
selegiline. The main goal of the therapy is to 
improve quality of life and to slow the progres-
sion of the disease.

Question 4:
Why carbidopa is usually associated with 
levodopa? What is the half-life of levodopa?

Answer:
Levodopa undergoes decarboxylation to produce 
dopamine. Carbidopa is a decarboxylase inhibi-
tor. When associated with levodopa, it blocks this 
process, reducing peripheral side effects of 
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dopamine such as nausea, vomiting, and postural 
hypotension [3].

Levodopa half-life is about 30–60 min.
The patient presents with a stomach flu and 

has persistent nausea and vomiting for about 
3  days. He is unable to ingest his scheduled 
medications. The patient’s wife had some left-
over metoclopramide in her cabinet and 
decided to give it to her husband.

The family has noticed that he is now agi-
tated, has more muscle rigidity, and is febrile 
(temp 40 °C).

Question 5:
What is your differential diagnosis?

Answer:
Acute exacerbation of the PD symptoms related 
to noncompliance to his medical treatment, sero-
tonin syndrome (SS), or neuroleptic malignant 
syndrome (NMS).

SS is a potentially life- threatening clinical spec-
trum that presents with mental status changes, auto-
nomic instability, and neuromuscular abnormalities 
[4]. It is usually seen with inadvertent interactions 
between drugs. Specifically in this case, the patient 
routinely takes carbidopa-levodopa that indirectly 
causes release of serotonin and selegiline (MAOi) 
that inhibits serotonin metabolism. Additionally, he 
was given metoclopramide that impairs reuptake 
from the synaptic cleft into the presynaptic neuron. 
The combination of the medication may have pre-
cipitated the serotonin toxicity [5]. NMS has a simi-
lar clinical presentation of mental status change, 
neuromuscular symptoms, fever, and autonomic 
changes. A detailed history and physical examina-
tion can easily help to establish the diagnosis. SS 
has an onset and resolution within 24  h, and the 
main neuromuscular finding is hyperactivity such 
as tremor and clonus. Nevertheless, NMS has a lon-
ger onset and resolution (days to weeks), and it usu-
ally presents with bradyreflexia and muscular 
rigidity.

The patient improved from acute decom-
pensation after adequate treatment.

His neurologist believes that there is an indica-
tion for surgical treatment considering the pro-
gression of the disease. Functional neurosurgery 

is consulted and offers deep brain stimulation 
(DBS) surgery and patient agrees to proceed.

The patient presents in the preoperative 
area for elective stereotactic implantation of 
the DBS leads after optimization and clear-
ance by internal medicine. The neurology and 
neurosurgery teams have decided for implan-
tation in the subthalamic area, and the sur-
geon’s preference is for implantation guided 
by awake intraoperative electrophysiological 
mapping including microelectrode recording 
(MER) and macrostimulation with the DBS 
lead. You are the physician assigned to provide 
perioperative care to this patient.

25.1  Preoperative

Question 6:
Which are the key features that the anesthesiolo-
gist should focus when evaluating this patient?

Answer:
The anesthesiologist should go through a detailed 
assessment of patients with PD. It is particularly 
important to know the duration and severity of 
the disease and potential multisystemic involve-
ment. A few organs of interest are cardiovascular, 
respiratory, and gastrointestinal.

Additionally, the anesthesiologist should 
understand potential drug interactions of the anti- 
parkinsonian medications and discuss with the 
surgeon the need to hold it for adequate intraop-
erative mapping.

Question 7:
Would you consider additional tests before 
surgery?

Answer:
CBC and CMP should be part of the preoperative 
evaluation to rule out anemia, infection, dehydra-
tion, abnormal glucose metabolism (selegiline), 
and hypoalbuminemia. This patient has a history 
of multiple hospitalizations due to aspiration 
pneumonia, thus a CXR is recommended [2]. 
Additionally, an EKG and echocardiogram 
should be considered as the patient has a history 
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of autonomic dysfunction and possible inability 
to assess the functional capacity.

Question 8:
Is aspiration prophylaxis recommended?

Answer:
Patients with PD have an increased risk of aspira-
tion pneumonia due to an inability to adequately 
clear secretion, gastric stasis, and upper airway 
muscle weakness. Hence, preoperative aspiration 
prophylaxis should be considered [6].

25.2  Intraoperative

Question 9:
What is DBS?

Answer:
DBS is an efficacious surgical treatment for 
medication- refractory hypokinetic and hyperki-
netic movement disorders which involves delivery 
of electrical pulses to specific nuclei of the brain. 
The main objective is to modulate the function of 
such structures in order to achieve a reversible, 
adjustable, and therapeutic or clinically beneficial 
effect [7]. Permanently implanted DBS devices 
have three components: the DBS lead, which is 
inserted into the brain and extends to the outside of 
the skull; the implantable pulse generator, typically 
located in the infraclavicular area; and an extension 
cable that connects the two components (Fig. 25.1).

Question 10:
Which are the current indications for DBS?

Answer:
DBS is an established surgical modality in the 
treatment of idiopathic PD, essential tremor, and 
primary dystonia.

Question 11:
What are the mechanisms of action of DBS?

Answer:
The mechanisms of action of DBS are still under 
investigation, and there are several hypothesis. 

DBS activates neurons from the targeted nucleus 
and fiber pathways to modulate the basal ganglia 
and thalamocortical fibers. Consequently, it regu-
larizes pathologic activity and oscillations of this 
network, resulting in an improvement of the 
symptoms of the disease [8–10].

Question 12:
Is this procedure staged?

Answer:
Patients with PD may receive bilateral, staged, 
or unilateral implants. It is a common practice 
to stage the procedure in two parts: (a) stereo-
tactic lead implantation of the DBS leads and 
(b) internalization of the pulse generator. The 
last part is usually performed a few days or 
weeks after brain electrode placement in an 
attempt to minimize the risk associated with a 
prolonged procedure in patients that are com-
monly elderly and with multiple comorbidities. 
Additionally, the edema related to the surgical 
trauma around the electrodes may cause a tem-
porary improvement of the symptoms compro-
mising the testing for efficacy of the stimulation 
and side effects [11].

Fig. 25.1 DBS devices have three components: DBS 
lead, implantable pulse generator, and extension cable
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Question 13:
How the patient is usually positioned for lead 
implantation guided by awake electrophysiology?

Answer:
Most commonly the patient is positioned supine 
or in semi-sitting position with the stereotactic 
frame attached to the bed (Fig. 25.2). The frame 
is used to increase the accuracy via a coordinate 
system acquired with a preoperative CT scan.

Question 14:
How are you going to monitor this patient?

Answer:
Noninvasive blood pressure, five-lead electrocardio-
gram, pulse oximeter, end-tidal CO2, skin tempera-
ture probe, urinary catheter, and neuromonitoring 
are the standard monitors. Invasive blood pressure 
should be considered in patients with uncontrolled 
hypertension or severe cardiorespiratory comorbid-
ities. The anesthesiologists should also foresee the 
potential for significant hemodynamic instability in 
patients with severe autonomic dysfunction.

Question 15:
What is awake electrophysiology? How will it 
impact the anesthetic technique?

Answer:
Microelectrode recording (MER) is a neuro-
monitoring technique to facilitate the local-

ization of the nuclei in the brain through the 
recognition of characteristic electrical activity of 
neuronal groups. It involves the insertion of high- 
impedance electrodes 10–15 mm above the tar-
geted structure that are slowly advanced toward 
the nuclei while neuronal signals are recorded. 
This technique is used in association with macro-
stimulation testing during the procedure in order 
to verify that the lead is inserted in an adequate 
location. The last is performed through a neu-
rophysiologist assessment for potential clinical 
improvement of tremor and other cardinal motor 
symptoms as well as side effects while the tar-
geted area is stimulated with different parameters.

There are multiple studies trying to determine 
the best anesthetic technique with the least effect 
on MER. The majority of anesthetics have some 
impact on neuromonitoring. It has been reported 
that propofol affects the background neuronal dis-
charges and patterns during recording [12]. 
Additionally, there is a variation of the neuronal 
effect depending on the disease and the target 
nuclei. Propofol may have an impact on macro-
stimulation testing, considering that it can pro-
voke dyskinesia [13, 14]. Dexmedetomidine is an 
alpha 2 agonist that is commonly used due to its 
analgesic effect, minimal respiratory depression 
in addition to being easily titratable. The main 
disadvantage of this drug is the possible suppres-
sion of MER in higher doses [15] and potential 
hemodynamic instability (hypotension and brady-
cardia). Overall, opioids are thought to have mini-
mal effects in MER and are usually safely used.

Having said that, the main goal of the anesthe-
sia is to provide comfort and analgesia during the 
initial part of the DBS while been able to easily 
wake up the patient for the neurological assess-
ment. The most common approach is deep seda-
tion alternating with awake portions for 
neuromonitoring. Propofol and  dexmedetomidine 
are routinely used, particularly because they are 
easily titratable and have little and known impact 
on the neurocognitive testing once the patient is 
awake.

Question 16:
Patient is extremely anxious. Are you going to 
premedicate with midazolam?

Fig. 25.2 Patient positioned with the stereotactic frame 
attached to the bed
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Answer:
There should be a cautious use of anxiolytics 
such as benzodiazepines due to the potential of 
oversedation or paradoxical agitation.

Question 17:
Which are the main concerns when deciding on 
the anesthetic technique? What is asleep-awake- 
asleep technique? Which are the pros and cons of 
MAC/deep sedation vs. general anesthesia for the 
first stage of DBS?

Answer:
The anesthesiologist should consider a few aspects 
when deciding on the anesthetic technique:

 1. The need for neuromonitoring and the impact 
of the anesthetic drugs

 2. Comorbidities such as chronic pain and respi-
ratory and cardiovascular disorders

 3. Inability to stay still and cooperate such as 
children or patients with severe involuntary 
movements

In our experience, most of the DBS proce-
dures for PD are performed with the asleep- 
awake- asleep technique. In this approach, the 
patient is under moderate/deep sedation from the 
initial portion of the surgery such as positioning, 
local infiltration of the skin, burr hole, opening of 
the meninges, and cannulae insertion. Sedation 
should be withheld for at least 15  min prior to 
MER so the patient is ready to cooperate with 
neurological assessment. The benefit of sedation 
with easily titratable agents such as propofol and/
or dexmedetomidine is that they have a predict-
able pharmacokinetic profile facilitating the pro-
cess of intraoperative emergence. As a result, the 
patient is able to provide the most reliable and 
robust data to assist the electrode placement. The 
main disadvantages of this technique are limited 
access to manipulate the airway and risk associ-
ated with a patient’s unexpected inability to 
cooperate when awake. It is not uncommon for 
PD patients to present with intraoperative delir-
ium [16] or with severe involuntary movements 
when off their medications for PD, compromis-
ing the quality of neuromonitoring.

General anesthesia is a more tolerable and 
comfortable technique for patients, expanding 
the number of candidates that can be treated. 
However, it interferes in the MER and prevents 
most of the clinical evaluation and side effects of 
macrostimulation testing [17].

Intraoperative MRI can be used to confirm 
placement of implanted electrode under general 
anesthesia, replacing awake monitoring in select 
patients [18, 19].

Question 18:
Which are the main anatomical targets in the sur-
gical treatment of DBS? How are these targets 
localized?

Answer:
The most common targets of DBS include the 
ventralis intermedius nucleus (Vim) for essential 
tremor and the STN [8] or the globus pallidus 
(GPi) for PD.

Frame-based technique is the most common 
approach to DBS surgery [20]. The frame is used 
as reference for the entire procedure. After its 
placement, computed tomography or MRI is then 
performed, so that the images are co-registered 
with the fiducial points of the stereotactic frame. 
The calculated coordinates to the specific target 
are then transferred to the stereotactic frame and 
arc. This system will guide the leads’ entry points 
[21]. Once the electrode is about 10–15  mm 
above the targeted area, it is advanced in sub- 
millimeter increments along the planned trajec-
tory while MER and macrostimulation testing are 
used to help confirm the location provided by the 
coordinates.

The surgeon requests tight BP control (sys-
tolic BP < 130 mmHg).

Question 19:
Why is it important? Are beta blockers a good 
option?

Answer:
Adequate blood pressure control is one of the 
main pillars in the anesthetic management of this 
population. Hypertension might increase the 
chance of intraoperative hemorrhage. It has been 
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speculated that the intraoperative use of beta 
blockers could interfere with the macrostimula-
tion testing, but there is not enough data to sup-
port it.

25.3  Postoperative

The patient is nauseous in PACU.

Question 20:
Which anti-emetic medications should be 
avoided?

Answer:
Droperidol and metoclopramide should be avoided 
as they could exacerbate PD symptoms [22].

You are called to the bedside in PACU as the 
patient has a loud stridor and difficulty breathing. 
He is A/O x3, BP 146/82, HR 110, satO2 89%, 
and RR 40.

Question 21:
What you think is going on? Why?

Answer:
There is a high percentage of PD patients who 
present with some degree of upper airway 
obstruction diagnosed by spirometry [23]. Upper 
airway obstruction has been described in up to 
one third of patients with PD [24].

The complete occlusion is believed to be a 
result of rigidity and hypokinesia, affecting the 
intrinsic laryngeal muscles and probably most of 
the muscles of upper airway [25]. Furthermore, 
the airway dysfunction is an important contribu-
tor for frequent respiratory infections/aspiration 
pneumonia, which are commonly diagnosed in 
patients with PD.

Patients undergoing general anesthesia with 
endotracheal tube should be closely observed 
after extubation for possible laryngospasm and 
respiratory failure [26].

The patient recovers from the procedure, and 
the stimulation parameters are optimized and 
programmed.

The patient is now scheduled for the second 
stage of the procedure.

Question 22:
What is the second stage of DBS?

Answer:
After the leads are placed, the patient undergoes 
the second stage of the procedure. In this step, the 
pulse generator is implanted, typically in the 
chest, and connected to the brain leads by tunnel-
ing extension cables through the scalp and subcu-
taneously on the side of the neck [21].

Question 23:
What is your anesthetic technique?

Answer:
The standard anesthetic technique for second 
stage of DBS is general anesthesia.

Question 24:
Which are the main potential complications of 
DBS?

Answer:
Potential complications of DBS may be related 
to the surgery, hardware, or stimulation. Surgical 
complications include intracranial and intracere-
bral hemorrhage, infection, misplacement of the 
DBS leads, or suboptimal placement of the leads. 
The incidence of hemorrhage ranges between 0.5 
and 5% of DBS procedures [27], and it is one of 
the most feared complications. The main hardware 
complications include migration of the leads, ero-
sion of the subcutaneous portions of the hardware, 
and DBS lead failure. Stimulation-related adverse 
effects are reversible with programing and/or drug 
adjustments.

The patient has a successful placement of 
DBS electrode and pulse generator with better 
control of his symptoms. He is discharged 
home on postoperative day 2.

Question 25:
Six months later, he is brought to the ER for 
abdominal pain. After an inconclusive CT scan, 
the surgeon orders an MRI to better assess the 
abdomen, but he decides to check if there is a 
contraindication before he orders it. What do 
you say?
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Answer:
There are multiple variables that will deter-
mine if the DBS system is compatible with 
MRI. The best approach is to alert the patient 
for the safety issue and to contact the neuro-
stimulation manufacturer and the patient’s 
physician to learn if MRI is safe with that spe-
cific device.

The surgeon recommends emergent sur-
gery for free air in the abdomen.

Question 26:
Which are the perioperative considerations for 
patients with implanted non-cardiac electrical 
devices?

Answer:
Ideally, patients with implantable neurological 
devices should be checked preoperatively. In 
emergent surgical procedures, all the surgical 
staff should be aware of the device and the poten-
tial impact of the electromagnetic interference 
such as:

 1. Turning the device on/off
 2. Resetting the IPG to new parameters
 3. Brain tissue damage
 4. Permanent damage of the device

The use of bipolar cautery should be 
favored. In the event that monopolar needs to 
be used, Srejic et  al. [28] recommend the 
following:

 1. Turn IEMD off, turn voltage to 0
 2. Place the grounding pad as far as possible 

from the leads and generator
 3. Avoid the use of full-length grounding pads. 

Use a nonconductive surface or bed.

Multiple Choice Questions
 1. The following are cardinal manifestations of 

PD except:
 (a) Bradykinesia
 (b) Postural instability
 (c) Hyperreflexia
 (d) Tremor
 (e) Rigidity
Answer: c

 2. Which of the following is not a medication 
commonly used in the treatment of PD:
 (a) Dopamine
 (b) Selegiline
 (c) Bromocriptine
 (d) Trihexyphenidyl
 (e) Amantadine
Answer: a

 3. Which of the following is not a common tar-
get for DBS:
 (a) Ventralis intermedius nucleus (Vim)
 (b) Subthalamic nucleus (STN)
 (c) Globus pallidus (GPi)
 (d) Nucleus accumbens
 (e) Nucleus ambiguus
Answer: e

 4. Which one is the most feared complication of 
DBS?
 (a) Bleeding
 (b) Infection
 (c) Electrode misplacement
 (d) Electrode migration
Answer: a
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Management in a Patient 
with Stroke

Vasudha Singhal

Stem Case Terminology
A 72-year-old male presented to the emer-
gency department (ED) with a history of 
acute onset right-sided weakness and inabil-
ity to speak since the past 1 h. He is a known 
hypertensive and diabetic, and smokes 1 pack 
of cigarettes on a daily basis. He is on meto-
prolol, ramipril, rosuvastatin, ecosprin, and 
oral hypoglycemics for his medical condition. 
On physical examination, the patient is awake 
but confused. The power in his right upper 
and lower limbs is 0/5 while on the left side is 
4+/5. He has global aphasia and is unable to 
comprehend.

Question 1:
What Is the Differential Diagnosis of the Acute 
Neurological Dysfunction in This Patient?

Answer:
The acute onset of focal neurological symp-
toms (hemiparesis and aphasia, in this case), 
attributable to a defined vascular territory, with 
hypertension, diabetes, and smoking in the 
background, indicate to the possibility of an 
acute stroke. But prior to making a clinical 
diagnosis of an acute stroke, it should be ascer-

tained whether the process leading to the symp-
toms is vascular, or a stroke-like mimic [1].

The common stroke mimics that need exclu-
sion are:

 1. Hypoglycemia
 2. Seizures
 3. Complicated migraine
 4. Hypertensive encephalopathy
 5. Wernicke’s encephalopathy
 6. Intoxication
 7. Brain tumor
 8. CNS abscess
 9. Traumatic brain injury
 10. Psychogenic

A detailed history with a thorough neurologi-
cal examination is the key to exclude stroke mim-
ics. The patient’s past history, especially the 
presence of systemic diseases, family history, 
temporal course and progression of the focal 
symptoms and findings, and accompanying symp-
toms such as headache, vomiting, and depressed 
mentation, all point to a definitive diagnosis.

 – A diabetic patient with a low glucose level and 
decreased level of consciousness usually has 
hypoglycemia.

 – A patient with a witnessed seizure activity 
and a known history, is usually in a post-
ictal phase, which explains his depressed 
mentation.
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 – Presence of significant hypertension, a history 
of migraines, alcohol abuse, patient taking 
drugs like lithium, necessitate exclusion of 
mimics like hypertensive encephalopathy, 
migraine with aura, Wernicke’s encephalopa-
thy and intoxication, respectively.

 – Gradual progression of symptoms with sei-
zure at onset may be seen in brain tumors.

 – Those with CNS abscess may have a history 
of fever, with endocarditis or an implant in 
situ.

 – The presence of inconsistent examination 
findings, with neurological findings in a non-
vascular distribution, and a lack of objective 
cranial nerve deficits, may be seen in a psy-
chogenic illness.

Question 2:
Discuss the Causes and Risk Factors of Acute 
Stroke

Answer:
Acute stroke is characterized by an acute neu-
rological dysfunction, attributable either to 
focal ischemia (ischemic stroke) or a focal col-
lection of blood in the brain parenchyma or 
ventricles (hemorrhagic stroke). About 80% 
of all strokes are ischemic, which in turn, can 
be either thrombotic (arterial occlusion by ath-
erosclerotic plaques) or embolic (mostly car-
diogenic emboli).

The common risk factors associated with 
strokes include:

 1. Demographics—older age/male gender/
African-American race have a higher predis-
position for stroke

 2. Positive family history
 3. Prior history of stroke
 4. Smoking
 5. Hypertension
 6. Diabetes mellitus
 7. Cardiovascular disease, including heart fail-

ure, atrial fibrillation, carotid stenosis
 8. Dyslipidemia
 9. Hyperhomocysteinemia
 10. Obesity & physical inactivity
 11. Alcohol abuse

 12. Estrogen therapy
 13. Illicit drug use
 14. Hypercoagulable states

Question 3:
Why Does a Patient Presenting with Symptoms of 
Stroke Need Emergency Triage and Evaluation?

Answer:
Acute ischemic stroke is invariably caused by the 
critical reduction in the blood supply of a cerebral 
vascular territory due to arterial occlusion or ste-
nosis. Due to its high metabolic rate and complete 
dependence on aerobic metabolism, the brain tis-
sue is particularly vulnerable to ischemia, and the 
cells in the brain begin to die within minutes of 
the compromise in oxygen supply. An average 
patient loses 1.9 million neurons every minute a 
large vessel stroke is left untreated. Every hour 
delay in treatment results in a loss of as many neu-
rons as would occur with 3.6  years of normal 
aging! [2] It is therefore commonly said that “time 
lost is brain lost” or simply, “time is brain.”

Stroke is considered a neurological emergency, 
and its evaluation and treatment takes immediate 
priority and triaging, in order to salvage the brain 
tissue which is at risk due to vessel occlusion, but 
not irreversibly damaged (typically known as the 
penumbra). The goal of treatment in stroke is early 
arterial recanalization, either by the dissolution of 
the occluding thrombus (by means of intravenous 
thrombolytic therapy), or mechanical retrieval of 
the clot (endovascular treatment). A typical time 
frame of ≤60 minutes is commonly followed as 
the “door to needle” (DTN) time, wherein a patient 
with suspected stroke is expected to get a non-
contrast computed tomography (NCCT) head and 
its evaluation (to exclude hemorrhage), followed 
by intravenous thrombolysis, preferably within an 
hour of reaching the ED.

Question 4:
How Do You Approach a Patient with Signs and 
Symptoms Suggestive of Stroke?

Answer:
A potential stroke patient is treated like a medical 
emergency, with immediate stabilization of the 
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airway, breathing, and circulation (ABC). This is 
followed by a quick history and assessment of 
neurological deficits. Activation of the in- hospital 
rapid response system, or stroke code, is done if 
symptoms are suggestive of stroke, so as to expe-
dite diagnostic and therapeutic interventions.

History: The most important point in the 
patient’s history is the time of symptom onset, 
or the time when the patient was last seen nor-
mal or symptom-free. In patients with a “wake-
up” stroke, the onset time is usually unknown, 
and leading questions like the time when the 
patient was last ambulatory to the bathroom, 
may help in identifying the approximate time-
lines. Establishing the onset time helps in 
decision- making for definitive therapy, such 
as intravenous thrombolysis or endovascular 
treatment.

Further history taking should aim at recogniz-
ing the eligibility for the planned therapeutic 
interventions. These include the comorbidity sta-
tus of the patient—presence of hypertension, dia-
betes, cardiac disease, history of anticoagulation 
or antiplatelet therapy, recent surgery or trauma, 
seizures, pregnancy, etc.

Neurological examination: A thorough neuro-
logical assessment is indicated to quantify the 
degree of neurological deficits, identify the 
affected vascular territory, select appropriate 
interventions, and aid in prognostication. Use of 
formal and standardized stroke scales such as the 
NIHSS (National Institute of Health Stroke 
Scale), evaluating the level of consciousness, 
response to commands, motor palsy, sensory def-
icits, aphasia, limb ataxia, etc., help in this quan-
tification [3]. Stroke mimics can also be excluded 
through a careful neurological examination.

Diagnostic tests: The immediate diagnostic 
test that should be done in all patients suspected 
of an acute stroke is a NCCT head to rule out 
parenchymal hemorrhage, thereby excluding 
patients not fit to receive iv thrombolysis. A 
quick blood glucose test helps to rule out hypo-
glycemia, one of the commonest stroke mimics, 
and in fact, is the only laboratory test necessary 

prior to initiating intravenous thrombolysis for 
an ischemic stroke. The door to imaging (DTC, 
or door to CT) time is aimed at ≤25 min, and its 
interpretation in ≤45 min, in order to start fibri-
nolytic therapy as early as feasible. All other 
laboratory investigations proceed simultane-
ously, and blood samples are sent for a com-
plete blood count, renal function tests with 
serum electrolytes, coagulation profile, liver 
function tests and cardiac enzymes, along with 
obtaining a baseline ECG.  However, fibrino-
lytic therapy is not delayed awaiting results of 
these tests. In women of child-bearing age, a 
pregnancy test is advisable, although pregnancy 
is no longer considered a contraindication to 
intravenous thrombolysis [4].

The incidence of unsuspected coagulopathy or 
thrombocytopenia is very low in the general pop-
ulation. The results of PT (prothrombin time), 
aPTT (activated partial thromboplastin time), or 
platelet count should therefore, not delay intrave-
nous thrombolysis in a patient with symptoms of 
stroke, unless the patient has a bleeding disorder, 
has been on warfarin or heparin, or the anticoagu-
lation use is uncertain.

Question 5:
What-all Brain Imaging Is Indicated in the 
Evaluation of Stroke to Guide Therapeutic 
Interventions?

Answer:
Decision regarding acute management of stroke 
with fibrinolytic drugs can be made by an NCCT 
(non-contrast CT) head, which is the most cost 
effective imaging modality that helps not only to 
exclude intracranial hemorrhage (ICH), but also 
to distinguish the nonvascular causes of neuro-
logical dysfunction, such as brain tumor, from 
stroke. Though NCCT is relatively insensitive in 
detecting acute cortical or subcortical infarctions, 
it may identify early, subtle ischemic changes, 
like loss of gray-white matter differentiation, 
seen as lenticular obscuration (loss of distinction 
in the nuclei of basal ganglia) and insular ribbon 
sign (blending of insular cortex gray and white 
matter densities). Large vessel occlusion may be 
seen as the hyperdense MCA (middle cerebral 
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artery) sign on NCCT, and is a strong predictor of 
poor neurological outcome.

The extent and severity of acute CT hypoat-
tenuation or the presence of the hyperdense MCA 
sign are no longer used as a criteria to withhold 
intravenous thrombolysis in patients who other-
wise qualify [5, 6].

MRI brain may not be widely favored in the 
acute setting, not only because it is time consum-
ing and requires the patient to lie motionless for a 
long duration, but also it is costly, has a limited 
availability and cannot be performed in the pres-
ence of cardiac pacemakers or metal implants. 
The DWI (diffusion weighted image) sequence 
of MRI however, is highly sensitive and specific 
in identifying hyperacute infarcts, especially in 
the brainstem and posterior fossa. Gradient echo 
sequences of MRI may help in detecting acute 
hemorrhage and prior microbleeds, which other-
wise may not be apparent in the normal MRI 
sequences.

Vascular imaging is an important aspect in 
the evaluation of stroke patients—firstly, to detect 
large vessel occlusion and collateral flow status 
for planning endovascular therapy, and secondly, 
to establish the mechanism of stroke (vessel 
occlusion or stenosis) for subsequent preventive 
care. The most rapid, noninvasive imaging 
modality to assess both extra- and intracranial 
vasculature is CTA (CT Angiography). CTA-SI 
(CT angiography-source imaging) is extremely 
sensitive in detecting ischemic regions. 
Intracranial MRA (MR Angiography) may be 
performed in combination with MRI brain in 
acute stroke for therapeutic decision-making. 
The TOF (time of flight) MRA sequence typi-
cally helps in identifying proximal large vessel 
occlusions, including extracranial carotid steno-
sis. Digital subtraction angiography (DSA) how-
ever, remains the gold standard for the detection 
of arterial stenosis, both extracranial as well as 
intracranial.

Brain perfusion imaging provides informa-
tion about regional cerebral hemodynamics 
(cerebral blood flow, cerebral blood volume, and 
mean transit time), and combined with the paren-
chymal imaging, helps in delineating the isch-
emic penumbra. CTP (CT Perfusion) or 

perfusion-weighted MRI are now a part of multi-
modal imaging protocols, that help in identifying 
the core ischemia and the potentially salvageable 
penumbra to guide therapy in acute stroke, more 
specifically the endovascular therapy.

It must always be remembered that multi-
modal imaging, including CTA/CTP or MRI/
diffusion- perfusion mismatch should not delay 
administration of iv thrombolysis. In a typical 
scenario, a patient with symptoms suggestive of 
acute stroke is shifted for NCCT head, and iv 
thrombolysis started immediately after excluding 
ICH on the CT, in the radiology suite itself. 
Further imaging proceeds simultaneously and the 
patient is evaluated for the feasibility of endovas-
cular treatment on the basis of vascular and per-
fusion studies.

Question 6:
Describe the Guidelines for the Management of 
Blood Pressure in Patients with Ischemic Stroke

Answer:
Acute hypertensive response in stroke is not 
treated too aggressively, as it helps by improving 
cerebral perfusion to the vulnerable ischemic 
region in the brain, in face of an impaired cerebral 
autoregulation. But at the same time, too high a 
blood pressure raises concerns about hemorrhagic 
transformation in the infarct and cerebral edema. 
Guidelines therefore recommend reducing sys-
tolic blood pressure (SBP) to <185 mm Hg and 
diastolic blood pressure (DBP) to <110 mm Hg 
before initiating reperfusion therapies, and main-
taining it <180/105 mm Hg for 24 h post throm-
bolysis. Labetalol and nicardipine are reasonable 
choices of antihypertensive medications for treat-
ment. Hydralazine and enalaprilat may also be 
considered. Intravenous sodium nitroprusside is 
used in refractory cases where DBP exceeds 
140 mm Hg despite standard therapy.

Patients with marked hypertension who are 
not otherwise candidates for fibrinolysis, should 
receive antihypertensive medication if the SBP 
>220  mm Hg or the DBP is >120  mm Hg. A 
rational goal is to lower the BP by ~15% in the 
first 24 h after stroke onset in a well-controlled 
manner.
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Presence of arterial hypotension in stroke 
patients is not common, and may suggest a car-
diac cause, such as arrhythmia, acute coronary 
event, aortic dissection, or shock. The underly-
ing cause should be immediately addressed, 
hypovolemia corrected with intravenous fluids, 
and vasopressors initiated in refractory cases to 
maintain systemic perfusion and support organ 
function.

Question 7:
What Are the Indications, Dosing, and 
Contraindications of Intravenous Fibrinolytic 
Therapy?

Answer:
Intravenous fibrinolytic therapy is the mainstay 
of treatment in acute ischemic stroke, and should 
be initiated as early as feasible in all eligible 
patients. Thrombolytic drugs, also called clot 
buster drugs, lyse the intraluminal thrombi in the 
cerebral circulation by activating the fibrinolytic 
system, thereby recanalizing the occluded artery 
and reperfusing the ischemic penumbra, resulting 
in recovery of stroke symptoms. The efficacy of 
thrombolytic drugs is dependent on the age of the 
clot—older clots are more compacted and thereby 
difficult to dissolve.

The thrombolytic drug licensed for use in 
stroke is intravenous alteplase (or recombinant 
tissue plasminogen activator, r-tPA). It has a short 
half-life of around 5 min, and hence is adminis-
tered as an iv bolus, followed by an infusion. The 
newer third generation fibrinolytic—tenecteplase 
has a longer half-life and can be administered as 
an iv bolus.

All patients presenting with the onset of symp-
toms of stroke within the last 3 h, irrespective of 
age and severity of symptoms, should be offered 
treatment with iv tPA, after excluding major con-
traindications (Table 26.1). An informed patient 
consent is necessary prior to fibrinolytic therapy. 
For an incompetent patient, proxy consent from a 
legally authorized representative is obtained. In 
an emergency, where the patient is not compe-
tent, nor is there any authorized representative 
available, it is both ethically as well as legally 
permissible to proceed with thrombolysis.

Alteplase is administered in a dose of 
0.9  mg/kg, with a maximum dose of 90  mg, 
over 60  min. The initial 10% of the dose is 
given as an iv bolus over 1 min. The newer drug 
tenecteplase, is administered as a single iv bolus 
of 0.4 mg/kg, and has been found to be associ-
ated with a higher incidence of reperfusion in 
patients with a large vessel occlusion [8].

Intravenous alteplase is also recommended 
for selected patients who present within 3–4.5 h 
of symptom onset [9]. Although age > 80 years, 
oral anticoagulant intake irrespective of INR, a 
combined history of diabetes and stroke, and 
very severe strokes (NIHSS>25), were excluded 
from the patient selection group earlier due to 
an increased risk of ICH, these are no longer 
considered contraindications to iv thrombolytic 
use in the 3–4.5  h time window [7]. Alteplase 
appears safe in patients taking warfarin and with 
an INR <1.7, presenting in the 3–4.5 h window 
[10, 11]. The benefit of iv alteplase in patients 

Table 26.1 Contraindications to intravenous thrombolysis

  1. Unclear time of symptom onset
  2.  Acute intracranial hemorrhage (ICH) or a history 

of ICH
  3. Frank hypodensity on NCCT head
  4.  Symptoms suggestive of subarachnoid 

hemorrhage
  5. Prior ischemic stroke in the past 3 months
  6. Recent severe head trauma (within 3 months)
  7.  Intracranial or intraspinal surgery in the past 

3 months
  8.  Gastrointestinal (GI) malignancy or recent GI 

bleed in the past 3 weeks
  9.  Thrombocytopenia (platelet count <100,000/

mm3) or coagulopathy (PT >15 s, INR >1.7, 
aPTT >40 s)

   10.  Patients on therapeutic doses of low molecular 
weight heparin (LMWH) or direct thrombin/ 
factor Xa inhibitors, and patients on warfarin 
with INR > 1.7

   11. Infective endocarditis
   12. Aortic arch dissection
   13. Presence of an intracranial lesion –
    • Intra-axial neoplasm
    • Arteriovenous malformation
    • Giant, unruptured aneurysm
    • Intracranial arterial dissection
   14.  Arterial puncture at a noncompressible site 

within the last 7 days
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with very severe stroke (NIHSS >25) however, 
remains uncertain.

After administration of iv tPA, all patients are 
admitted to an intensive care or stroke unit for 
neuromonitoring, for atleast 24 h. Careful control 
of BP to <180/105 mmHg is ensured by frequent 
measurements and use of antihypertensive medi-
cations as necessary. Placement of all invasive 
lines, including nasogastric tube, urinary cathe-
ter, arterial line, etc. are deferred for the first 24 h. 
Serial neurological assessments (GCS, pupillary 
size and reaction, and limb power) and vitals 
(pulse, BP, temperature, and respiratory rate) are 
performed every 15 min after initiation of r-tPA 
for 2 h, then half hourly for 6 h, and then every 
hour until 24 h. Any signs of acute neurological 
deterioration, or development of a new headache, 
nausea, vomiting and acute rise in BP, prompt 
discontinuation of tPA infusion (if ongoing), and 
an urgent NCCT head to exclude intracranial 
bleed. During administration of tPA, care should 
be exercised for any anaphylactic reactions—
orolingual angioedema may be seen in <1% 
patients receiving iv tPA, especially those on 
angiotensin converting enzyme (ACE) inhibitors 
prestroke. It is a standard practice to get a follow-
up NCCT head 24 h post thrombolysis, and start 
oral antiplatelets only after excluding a paren-
chymal bleed.

Question 8:
Discuss the Relative Exclusion Criteria for the 
Administration of Intravenous Thrombolysis

Answer:
Apart from the listed contraindications 
(Table  26.1), iv alteplase should be given after 
weighing the treatment risks against the poten-
tial therapeutic benefits in most conditions listed 
below:

• Prior antiplatelet drug monotherapy or combi-
nation therapy

• End-stage renal disease on dialysis with a nor-
mal aPTT

• Mild stroke with disabling symptoms (such as 
aphasia, monoparesis)

• Age > 80 years

• Patients on oral anticoagulants with INR <1.7
• Pre-existing disability (mRS score ≥ 2) & pre-

existing dementia
• Seizure at onset
• Lumbar puncture in the last 7 days
• Recent major trauma not involving the head in 

the last 14 days
• Recent major surgery in the preceding 

14 days
• Menstruating women/patients with recent or 

active history of menorrhagia without clini-
cally significant anemia or hypotension

• Extracranial cervical dissection
• Small or moderate sized (<10 mm) unruptured 

and unsecured intracranial aneurysm
• Small number of chronic microbleeds [1–10] 

demonstrable on MRI
• Extra-axial intracranial neoplasm
• Recent myocardial infarction (MI) in the last 

3 months
• Patients with acute pericariditis/left atrial or 

ventricular thrombus/cardiac myxoma/papil-
lary fibroelastoma—treatment may be reason-
able only if the stroke is a major stroke 
producing severe disability

• Procedural strokes—during cardiac or cere-
bral angiographic procedures

• Systemic malignancy if life expectancy 
reasonable.

• Pregnancy
• History of diabetic hemorrhagic retinopathy 

or other hemorrhagic ophthalmic conditions—
risk of visual loss to be weighed against 
benefits

• Sickle cell disease
• Illicit drug use
• Stroke mimics

In stroke patients with concurrent acute MI, iv 
alteplase is administered at the dose appropriate 
for cerebral ischemia (0.9  mg/kg). This is fol-
lowed by percutaneous coronary angioplasty and 
stenting if required.

Question 9:
What Are the Complications of Intravenous 
Thrombolytics and |How Do You Manage These 
Complications, if They Arise?

V. Singhal



365

Answer:
Complications related to intravenous r-tPA ther-
apy include [12]:

 1. Symptomatic ICH
 2. Major systemic hemorrhage
 3. Angioedema

Acute symptomatic intracranial hemor-
rhage (sICH) is the most feared complication of 
intravenous thrombolysis—the risk varies from 2 
to 7%, but the mortality may be as high as 50%. 
It is defined as a CT- or MRI-documented hemor-
rhage post-thrombolytic treatment, associated 
with neurological deterioration in the patient. 
Age, male sex, obesity, uncontrolled hyperten-
sion, diabetes, combination antiplatelet therapy, 
increased stroke severity, large areas of early 
ischemic changes, atrial fibrillation, and conges-
tive heart failure—all predispose to the develop-
ment of sICH [13, 14]. Since most hemorrhages 
occur in already infarcted tissue, neurological 
deterioration may not occur at the onset of hem-
orrhage, and new symptoms are typically detected 
only after an increase in intracranial pressure or 
mass effect develops. Therefore, a low threshold 
for repeat imaging may be considered in patients 
with high NIHSS scores [15].

The general principles of treating patients 
with post-thrombolytic hemorrhage include:

 – Cardiovascular and respiratory support when 
needed

 – Blood pressure management
 – Monitoring for neurological deterioration
 – Prevention of hematoma expansion
 – Treatment of elevated intracranial pressure 

and other complications like seizures

Hematoma expansion is a major predictor of 
death and disability in this group of patients. 
Therefore, aggressive reversal of coagulopathy 
is indicated with cryoprecipitate (10 Units over 
10–30 min, or more if the fibrinogen levels are 
low). Fresh frozen plasma (FFP), platelet trans-
fusions, prothrombin complex concentrates 
(PCC), Vitamin K, recombinant factor VIIa, and 
antifibrinolytics such as tranexamic acid (1 g iv 

over 10 min) or ε-aminocaproic acid (4–5 g over 
1  h, followed by 1  g IV until bleeding is con-
trolled) may be given. Strict blood pressure con-
trol may be reasonable to prevent hematoma 
expansion. Neurosurgical decompression may 
be considered in selected patients with sICH for 
whom surgery may improve outcome despite the 
ischemic injury.

Major systemic hemorrhage is a rare com-
plication after thrombolysis if appropriate exclu-
sion criteria for the administration of iv tPA are 
followed. Serious systemic hemorrhage occurred 
in ~1.6% patients in earlier trials [16]. Appropriate 
resuscitation with blood transfusions and/or sur-
gical correction may be needed in cases of seri-
ous systemic hemorrhage.

Orolingual angioedema after iv alteplase is 
reported in ~1.3–5.1%, and may be unilateral or 
bilateral. It is usually mild, but may be serious 
compromising the airway in a few. The risk of 
angioedema is increased with the concomitant 
use of angiotensin converting enzyme inhibitors 
(ACE-I), and in frontal and insular strokes. 
Standard treatment includes airway control (if 
the oropharynx, larynx, and floor of the mouth 
are involved), corticosteroids, antihistamines, 
and subcutaneous epinephrine. Icatibant, a selec-
tive bradykinin β2 receptor antagonist (30  mg 
subcutaneous), and plasma-derived C1 esterase 
inhibitor (20  IU/kg) has been successfully used 
in hereditary angioedema and ACE-I related 
angioedema [17–19].

Question 10:
Discuss the Options for Endovascular Treatment 
of Acute Ischemic Stroke. Also Describe the 
Preferred Anesthesia Technique for Endovascular 
Procedures

Answer:
Endovascular reperfusion therapy includes intra- 
arterial fibrinolysis and mechanical thrombec-
tomy, and are considered in patients with large, 
proximal arterial occlusions and in those who are 
ineligible for intravenous tPA.  Patients eligible 
for iv tPA should receive iv alteplase even if 
endovascular therapy is being considered. What 
should also be remembered is that the disability 
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outcome at 90  days after ischemic stroke is 
directly associated with the time from symptom 
onset to the arterial puncture—therefore, any 
cause for delay to mechanical thrombectomy, 
including observing for a clinical response to iv 
tPA, should be avoided [20].

Three classes of mechanical thrombectomy 
devices are available—clot retrievers (Merci™), 
aspiration devices (Penumbra™), and stent 
retrievers (Solitaire™, Trevo™). Five random-
ized controlled trials of endovascular treatment 
of acute ischemic stroke with primarily stent 
retrievers were carried out from 2010 to 2015 
(MR CLEAN [21], ESCAPE [22], SWIFT 
PRIME [23], EXTEND IA [24], and REVASCAT 
[25]), which exclusively demonstrated improved 
results for both recanalization rates and outcome 
in acute ischemic stroke. This led to a new set of 
recommendations in 2015 [26] advocating the 
use of endovascular therapy with stent retrievers 
within 6 h of symptom onset. The eligibility cri-
teria for mechanical thrombectomy includes:

 1. Prestroke mRS (modified Rankin Score) 0–1
 2. Large vessel occlusion—ICA (internal carotid 

artery) or proximal MCA (M1 segment of 
MCA) occlusion

 3. Age ≥ 18 years
 4. NIHSS score ≥ 6
 5. ASPECTS (Alberta Stroke Program Early CT 

score [27]) of ≥6
 6. Groin puncture initiated within 6 h of symp-

tom onset

Mechanical thrombectomy for occlusion of 
M2/M3 segments of MCA, anterior cerebral artery 
(ACA), vertebral artery, basilar artery, or posterior 
cerebral artery (PCA) may be reasonable within 
6 h of symptom onset, although the benefits are 
uncertain [28]. It may also be used in patients with 
prestroke mRS score > 1, ASPECTS <6, or NIHSS 
score < 6, but with uncertain benefit.

The DAWN and DEFUSE-3 trials [29, 30] 
extended the time window for mechanical throm-
bectomy in large anterior circulation vessel occlu-
sion to 6–24  h in patients who had a mismatch 
between the severity of the clinical deficit and the 
infarct volume. This is a major breakthrough for 

wake up and late presenting strokes, in whom 
reperfusion therapy was not an option earlier.

The technical goal of mechanical thrombec-
tomy should not only be recanalization, but to 
achieve reperfusion in the infarcted tissue. The 
assessment tool of choice for post-endovascular 
reperfusion is the mTICI (modified Thrombolysis 
in Cerebral Infarction) score [31, 32], and a grade 
of 2b/3 angiographic result is reflective of a good 
functional outcome. A reperfusion to TICI 2b/3 
should be achieved as early as possible within the 
therapeutic window.

Choice of Anesthesia: Either conscious seda-
tion or general anesthesia (GA) may be used as 
the anesthetic technique during endovascular 
thrombectomy, as neither has been proven to be 
superior to the other [33–35]. Conscious seda-
tion allows for neurologic assessment through-
out the procedure, and prevents delays associated 
with anesthesia induction. GA, on the other 
hand, may reduce the risk of aspiration and elim-
inate patient movement, thereby making the pro-
cedure safer and more technically feasible. 
Either of the two techniques may be used so long 
as there is strict control of BP (avoiding large 
falls in MAP) and systems in place to ensure 
minimal delays. It is reasonable to select the 
anesthesia technique based on the patient’s risk 
factors, and technical performance of the proce-
dure. Maintaining a systolic BP between 140–
180  mm Hg during the procedure is useful in 
promoting and keeping collateral flow adequate. 
A drop in MAP <70 mm Hg or > 40% from the 
baseline should be avoided during revasculariza-
tion [36]. Post intervention, following a success-
ful reperfusion, a systolic BP < 140 mm Hg is 
recommended in the first 24  hours to prevent 
reperfusion injury [29].

Question 11:
When Should Oral Antiplatelet Therapy Be 
Started in Patients Presenting with Acute 
Ischemic Stroke

Answer:
Antiplatelet therapy with aspirin should be 
started within 24–48 hours of symptom onset in 
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stroke, either orally or via nasogastric tube (if the 
patient is unable to swallow). It has been shown 
to reduce the risk of early recurrent ischemic 
stroke without a major risk of early hemorrhagic 
complications [37]. For patients who have 
received iv thrombolysis, aspirin is delayed until 
24 hours and is administered after ruling out ICH 
on a follow-up NCCT on the first day. The bene-
fits of aspirin in acute stroke are drawn from trials 
that tested a dose of aspirin between 160 mg and 
330 mg daily [38, 39]. Aspirin, however, should 
not be considered a substitute for iv alteplase or 
mechanical thrombectomy in acute stroke, if the 
patient is otherwise eligible. In patients present-
ing with minor stroke (NIHSS score ≤ 3) or tran-
sient ischemic attacks, dual antiplatelet therapy 
with aspirin and clopidogrel should be started 
within 24 h and continued for atleast 21 days, to 
prevent early secondary stroke [40].

Urgent anticoagulation with low molecular 
weight heparin (LMWH) to prevent early recur-
rent stroke or neurological deterioration, is not 
recommended [41, 42]. Its use is also uncertain in 
patients with a nonocclusive, extracranial intralu-
minal thrombus causing stroke.

Question 12:
What Are the General Supportive Care Measures 
That Should Be Given to All Stroke Patients 
After Admission to the Hospital?

Answer:
Post-acute reperfusion therapy with either throm-
bolytics or endovascular treatment, all patients 
with stroke should preferably be admitted to a 
specialized stroke care unit with adequate reha-
bilitation services. The general supportive care in 
ischemic stroke patients includes:

• Airway support—Ventilatory assistance may 
be needed in cases of depressed mentation or 
bulbar palsy causing airway compromise. 
Supplemental oxygen may be given if the oxy-
gen saturation is below 94%, which is of no 
benefit otherwise.

• Adequate blood pressure control (discussed 
previously)—For patients who are neurologi-
cally stable and have a BP of >140/90 mm Hg, 

antihypertensive therapy should be started 
during hospitalization, to improve long-term 
control.

• Temperature control—Hyperthermia (temper-
ature > 38 °C) should be treated aggressively 
to prevent morbidity. Therapeutic hypother-
mia for neuroprotection has no role.

• Glucose control—Both hyperglycemia (blood 
sugar >200  mg/dl) and hypoglycemia (< 
60 mg/dl) should be treated, maintaining tar-
get blood sugar levels of 140–180 mg/dl.

• Dysphagia screening—Swallowing assess-
ment is an important component of post-stroke 
care, as dysphagia is seen in ~ 37–78% of all 
stroke patients, and may predispose to aspira-
tion pneumonia with poor outcomes. 
Screening stroke patients before allowing 
them orally, is therefore reasonable to identify 
patients at higher risk for adverse outcomes 
[43, 44].

• Nutrition—Enteral diet should be started as 
early as possible, and latest within 7 days of 
an acute stroke admission. Feeding via naso-
gastric tube in the early phase seems to be a 
reasonable option in stroke patients suspected 
to have dysphagia. Oral hygiene protocols 
should be strictly adhered to for preventing 
aspiration pneumonia.

• Deep vein thrombosis (DVT) prophylaxis—
Intermittent pneumatic compression devices 
should be used in addition to standard care 
(aspirin and hydration) to improve outcome 
and reduce the risk of thromboembolism in 
immobile patients with stroke [45]. The bene-
fit of prophylactic dose of heparin (unfraction-
ated or low molecular weight) is not well 
established. Elastic compression stockings are 
not favored due to an increased rate of skin 
complications.

• Inpatient rehabilitation—
 – Regular skin assessment to check for pres-

sure ulcers—eliminate skin friction, avoid 
excessive moisture, maintain adequate 
hydration and nutrition, use appropriate 
support surfaces

 – Early mobilization maneuvers such as reg-
ular turning, out of bed sitting, assisted 
walking, etc.
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 – Routine placement of indwelling catheters 
is not indicated for the risk of urinary tract 
infections

Question 13:
What Causes Early Neurological Deterioration 
(END) in Patients with Acute Ischemic Stroke?

Answer:
Early neurological deterioration refers to the 
clinical worsening of a patient in the first 72  h 
after an acute ischemic stroke. 13–37% of all 
stroke patients deteriorate within the acute phase 
[46]. Initial stroke severity, non cardioembolic 
strokes, hyperglycemia, hypo- or hypertension, 
presence of a large vessel occlusion, extensive 
lesions involving >one-third of MCA on NCCT, 
atrial fibrillation, and high serum urea—all are 
considered predictors of END. The causes may 
include:

 1. Progressive or recurrent stroke—failure of 
collateral development in a large vessel occlu-
sion, progression of thrombosis with conse-
quential increase in ischemic area, or early 
re-occlusion of a recanalized artery may lead 
to clinical deterioration in a stroke patient. 
Recurrent embolism from a cardiac source 
may cause recurrent stroke, resulting in 
END.  Prompt initiation of antithrombotic 
therapy may help in reducing the risk of recur-
rent stroke.

 2. Hemorrhagic transformation in ischemic 
stroke—incidence may be higher in patients 
treated with intravenous fibrinolytics.

 3. Cerebral edema—raised intracranial pressure 
(ICP), more commonly seen with large hemi-
spheric or cerebellar infarcts, may cause signs 
of brain herniation, warranting surgical 
decompression as a life saving measure.

New or further impairment of conscious-
ness, cerebral ptosis, and changes in pupillary 
size signify deterioration in supratentorial 
strokes. Swollen cerebellar infarcts manifest 
as early loss of corneal reflexes and the devel-
opment of miosis, along with depressed level 
of consciousness due to brain stem compres-
sion. Close neuromonitoring and complex 

medical care to control the ICP is warranted. 
Airway control and mechanical ventilation 
with brief moderate hypocarbia (pCO2 target 
30–34 mm Hg), hemodynamic support, ade-
quate fluids, maintaining adequate glucose 
levels and preventing hyperthermia, is indi-
cated in patients with cerebral edema. Osmotic 
therapy may be used for patients with clinical 
deterioration from cerebral swelling. However, 
steroids are not indicated for cerebral edema 
complicating stroke [47].

 4. Seizures—commonly seen in large corti-
cal infarcts, result in neurological wors-
ening in ~5% of ischemic stroke patients. 
Nonconvulsive seizures may present a diag-
nostic challenge, and can be confirmed with 
electroencephalography (EEG). Patients with 
documented seizures are treated with anti-
epileptic drugs. Prophylactic use of antisei-
zure drugs in ischemic stroke is however, not 
recommended.

Question 14:
Discuss the Role of Neurosurgical Decompression 
in Acute Ischemic Stroke

Answer:
The benefits of surgical intervention have been 
repeatedly proven in patients who deteriorate neu-
rologically after cerebellar infarction. In patients 
who develop symptoms of obstructive hydroceph-
alus from a cerebellar stroke, emergency ventricu-
lostomy (external ventricular drainage, or EVD) 
is a reasonable first step in the surgical manage-
ment. In cases of significant edema or mass effect, 
conservative CSF (cerebrospinal fluid) drainage 
or subsequent decompression may be needed to 
prevent upward brain herniation. Decompressive 
suboccipital craniectomy with dural expansion is 
indicated in cerebellar infarcts causing brainstem 
compression despite maximal medical therapy or 
ventriculostomy [48, 49].

In large territorial supratentorial infarctions, 
timely surgical decompression to relieve severe 
intracranial hypertension has been shown to 
reduce mortality [50]. In patients ≤60 years with 
malignant hemispheric strokes, decompressive 
craniectomy with dural expansion reduces mor-

V. Singhal



369

tality by ~50%, with most patients achieving 
either moderate disability (55%) or independence 
by 12 months (18%). In patients >60 years how-
ever, the functional outcomes seem to be worse, 
with 11% of surgical survivors achieving moder-
ate disability, and none achieving independence 
at 12 months follow-up. But taking into account 
the significant mortalilty benefit, decompressive 
craniectomy should be offered in this patient 
population as well [51–53].

To summarize, careful patient selection for 
surgical decompression, in conjunction with a 
comprehensive neurocritical care and rehabilita-
tion, and due consideration to the family/caretaker 
preferences for long-term care, is important.

Multiple Choice Questions
 1. A patient comes to the triage with a history of 

weakness in the right upper and lower limbs, 
and a difficulty in speaking since the past 8 h. 
Which imaging modality would you choose 
first to guide treatment?
 (a) MRI brain
 (b) CT angiography head and neck vessels
 (c) NCCT head
 (d) MR perfusion studies
Answer: c

Although the patient presents after 8 h of 
symptom onset, and an MRI brain or vascular 
imaging would give us more information on 
the patient’s eligibility for endovascular ther-
apy, NCCT head would still be the first imag-
ing to be done in order to rule out stroke 
mimics, most importantly ICH.

 2. A 35-year-old female arrives to the ED with 
complaints of left-sided weakness, inability to 
speak adequately, and gaze paresis since 4 h. 
She is a follow-up case of double valve 
replacement (mitral/aortic) on warfarin. Her 
INR on the point of care machine is found to 
be 1.6. What treatment option would you offer 
to this patient?
 (a) No therapeutic intervention, only general 

supportive care
 (b) Intravenous thrombolysis
 (c) Mechanical thrombectomy using a stent 

retriever if large vessel occlusion on 
advanced imaging

 (d) Intravenous thrombolysis followed by 
mechanical thrombectomy if eligible

Answer: d
The patient has presented within 4  h 

(<4.5  h time window) and the INR is <1.7 
on warfarin—it would be reasonable to pro-
ceed with intravenous thrombolysis, and at 
the same time, proceed onto advanced imag-
ing to look for eligibility for mechanical 
thrombectomy.

 3. A 65-year-old hypertensive, diabetic patient 
woke up with symptoms of right hemiparesis 
and aphasia. He was last known well the pre-
vious night by his caretaker. His NCCT head 
shows no ICH. The NIHSS score is 10. 
Advanced imaging shows a left M1 MCA 
occlusion on CTA, with an infarct volume of 
~25 ml on CTP. Which therapeutic option do 
you think is the best?
 (a) No intervention as the symptom onset 

time is unknown
 (b) Intravenous thrombolysis
 (c) Mechanical thrombectomy
 (d) Intravenous thrombolysis followed by 

mechanical thrombectomy
Answer: c

Since the symptom onset time is unknown 
in this patient with a wake-up stroke, intrave-
nous thrombolysis is not an option. According 
to the recent DAWN trial, such patients may 
be offered mechanical thrombectomy with 
stent retrievers, if the CTA-CTP studies show 
a mismatch between clinical deficit (NIHSS 
>10) and infarct (large vessel occlusion with 
an infarct volume < 30 ml)

 4. Which of the following measures are recom-
mended for DVT prophylaxis in patients with 
acute stroke?
 (a) Graduated compression stockings
 (b) Intermittent pneumatic compression 

devices
 (c) Low molecular weight heparins
 (d) Aspirin
Answer: b

Intermittent pneumatic compression (IPC) 
devices are recommended for DVT prophy-
laxis in acute stroke. The benefit of low dose 
heparin is not well established.
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 5. A patient diagnosed with an acute ischemic 
stroke of the right ICA is under observation in 
the stroke unit. On the second day of symptom 
onset, he deteriorates neurologically. Which 
of the following is the least possible cause of 
neurological worsening in this patient?
 (a) Recurrent stroke
 (b) Cerebral edema
 (c) Seizures
 (d) Meningoencephalitis
Answer: d

Early neurological worsening in acute isch-
emic stroke may be caused by progression of 
stroke, stroke recurrence, hemorrhagic trans-
formation, cerebral edema, and seizures. 
Meningoencephalitis is not a cause for END 
in stroke.

References

 1. Jauch EC, Saver JL, Adams HP Jr, Bruno A, Connors 
JJ, Demaerschalk BM, et  al. Guidelines for the 
early Management of Patients with Acute Ischemic 
Stroke: a guideline for healthcare professionals from 
the American Heart Association/American Stroke 
Association. Stroke. 2013;44(3):870–947.

 2. Saver JL.  Time is brain—quantified. Stroke. 
2006;37(1):263–6.

 3. National Institute of Health, National Institute of 
Neurological Disorders and Stroke. Stroke Scale. 
https://www.ninds.nih.gov/sites/default/files/NIH_
Stroke_Scale_Booklet.pdf

 4. Demchuk AM. Yes, intravenous thrombolysis should 
be administered in pregnancy when other clinical and 
imaging factors are favorable. Stroke. 2013;44:864–5.

 5. Charidimou A, Pasi M, Fiorelli M, Shams S, von 
Kummer R, Pantoni L, Rost N. Leukoaraiosis, cerebral 
hemorrhage, and outcome after intravenous thrombol-
ysis for acute ischemic stroke: a meta- analysis (v1). 
Stroke. 2016;47:2364–72.

 6. Qureshi AI, Ezzeddine MA, Nasar A, Suri MF, 
Kirmani JF, Janjua N, Divani AA.  Is IV tissue plas-
minogen activator beneficial in patients with hyper-
dense artery sign? Neurology. 2006;66:1171–4.

 7. Demaerschalk BM, Kleindorfer DO, Adeoye OM, 
Demchuk AM, Fugate JE, Grotta JC, Khalessi AA, 
et  al. On behalf of the American Heart Association 
stroke council and council on epidemiology and 
prevention. Scientific rationale for the inclusion and 
exclusion criteria for intravenous alteplase in acute 
ischemic stroke: a statement for healthcare profession-
als from the American Heart Association/American 
Stroke Association. Stroke. 2016;47:581–641.

 8. Campbell BCV, Mitchell PJ, Churilov L, et  al. 
Tenectaplase versus alteplase before thrombectomy 
for ischemic stroke. N Engl J Med. 2018;378:1573–82.

 9. Hacke W, Kaste M, Bluhmki E, Brozman M, 
Dávalos A, Guidetti D, ECASS Investigators, et  al. 
Thrombolysis with alteplase 3 to 4.5 hours after acute 
ischemic stroke. N Engl J Med. 2008;359:1317–29.

 10. Cronin CA, Shah N, Morovati T, Hermann LD, Sheth 
KN.  No increased risk of symptomatic intracere-
bral hemorrhage after thrombolysis in patients with 
European cooperative acute stroke Study (ECASS) 
exclusion criteria. Stroke. 2012;43:1684–6.

 11. Cronin CA, Sheth KN, Zhao X, Messe SR, Olson 
DM, Hernandez AF, Bhatt DL, Schwamm LH, Smith 
EE.  Adherence to third European cooperative acute 
stroke Study 3- to 4.5-hour exclusions and associa-
tion with outcome: data from get with the guidelines- 
stroke. Stroke. 2014;45:2745–9.

 12. Miller DJ, Simpson JR, Silver B.  Safety of throm-
bolysis in acute ischemic stroke: a review of com-
plications, risk factors, and newer technologies. 
Neurohospitalist. 2011;1(3):138–47.

 13. Wahlgren N, Ahmed N, Eriksson N, et al. Multivariable 
analysis of outcome predictors and adjustment of main 
outcome results to baseline data profile in randomized 
controlled trials: safe implementation of thrombolysis 
in stroke-MOnitoring STudy (SITS-MOST). Stroke. 
2008;39(12):3316–22.

 14. Cucchiara B, Kasner SE, Tanne D, et al. Factors asso-
ciated with intracerebral hemorrhage after thrombo-
lytic therapy for ischemic stroke: pooled analysis of 
placebo data from the stroke-acute ischemic NXY 
treatment (SAINT) I and SAINT II trials. Stroke. 
2009;40(9):3067–72.

 15. Yaghi S, Willey JZ, Cucchiara B, Goldstein JN, 
Gonzales NR, Khatri P, et al. Treatment and outcome 
of hemorrhagic transformation after intravenous 
alteplase in acute ischemic stroke. : A scientific state-
ment for healthcare professionals from the American 
Heart Association/American Stroke Association. 
Stroke. 2017;48(12):e343–61.

 16. Intracerebral hemorrhage after intravenous t-PA 
therapy for ischemic stroke. The NINDS t-PA stroke 
Study group. Stroke. 1997;28(11):2109–18.

 17. O’Carroll CB, Aguilar MI.  Management of post-
thrombolysis hemorrhagic and orolingual angioedema 
complications. Neurohospitalist. 2015;5:133–41.

 18. Myslimi F, Caparros F, Dequatre-Ponchelle N, Moulin 
S, Gautier S, Girardie P, Cordonnier C, Bordet R, Leys 
D. Orolingual angioedema during or after thromboly-
sis for cerebral ischemia. Stroke. 2016;47:1825–30.

 19. Pahs L, Droege C, Kneale H, Pancioli A.  A novel 
approach to the treatment of orolingual angioedema 
after tissue plasminogen activator administration. Ann 
Emerg Med. 2016;68:345–8.

 20. Saver JL, Goyal M, van der Lugt A, Menon BK, 
Majoie CB, Dippel DW, HERMES Collaborators, 
et al. Time to treatment with endovascular thrombec-
tomy and outcomes from ischemic stroke: a meta- 
analysis. JAMA. 2016;316:1279–88.

V. Singhal

https://www.ninds.nih.gov/sites/default/files/NIH_Stroke_Scale_Booklet.pdf
https://www.ninds.nih.gov/sites/default/files/NIH_Stroke_Scale_Booklet.pdf


371

 21. Berkhemer OA, Fransen PS, Beumer D, van den Berg 
LA, Lingsma HF, Yoo AJ, MR CLEAN Investigators, 
et al. A randomized trial of intraarterial treatment for 
acute ischemic stroke. N Engl J Med. 2015;372:11–20.

 22. Goyal M, Demchuk AM, Menon BK, Eesa M, 
Rempel JL, Thornton J, ESCAPE Trial Investigators, 
et  al. Randomized assessment of rapid endovas-
cular treatment of ischemic stroke. N Engl J Med. 
2015;372:1019–30.

 23. Saver JL, Goyal M, Bonafe A, Diener HC, Levy EI, 
Pereira VM, SWIFT PRIME Investigators, et al. Stent- 
retriever thrombectomy after intravenous t-PA vs. t-PA 
alone in stroke. N Engl J Med. 2015;372:2285–95.

 24. Campbell BC, Mitchell PJ, Kleinig TJ, Dewey HM, 
Churilov L, Yassi N, EXTEND-IA Investigators, 
et  al. Endovascular therapy for ischemic stroke 
with perfusion-imaging selection. N Engl J Med. 
2015;372:1009–18.

 25. Jovin TG, Chamorro A, Cobo E, de Miquel MA, Molina 
CA, Rovira A, REVASCAT Trial Investigators, et al. 
Thrombectomy within 8 hours after symptom onset in 
ischemic stroke. N Engl J Med. 2015;372:2296–306.

 26. Powers WJ, Derdeyn CP, Biller J, Coffey CS, Hoh 
BL, Jauch EC, et  al. American Heart Association/
American Stroke Association focused update of the 
2013 guidelines for the early Management of Patients 
with Acute Ischemic Stroke Regarding Endovascular 
Treatment: a guideline for healthcare profession-
als from the American Heart Association/American 
Stroke Association. Stroke. 2015;46(10):3020–35.

 27. Barber PA, Demchuk AM, Zhang J, Buchan 
AM.  Validity and reliability of a quantitative com-
puted tomography score in predicting outcome of 
hyperacute stroke before thrombolytic therapy. 
ASPECTS Study group. Alberta stroke Programme 
early CT score. Lancet. 2000;355(9216):1670–4.

 28. Goyal M, Menon BK, van Zwam WH, Dippel DW, 
Mitchell PJ, Demchuk AM, HERMES Collaborators, 
et  al. Endovascular thrombectomy after large- vessel 
ischaemic stroke: a meta-analysis of individual 
patient data from five randomised trials. Lancet. 
2016;387:1723–31.

 29. Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, 
Budzik RF, Bhuva P, Yavagal DR, Ribo M, Cognard 
C, Hanel RA, et al. Thrombectomy 6 to 24 hours after 
stroke with a mismatch between deficit and infarct. N 
Engl J Med. 2018;378(1):11–21.

 30. Albers GW, Marks MP, Kemp S, Christensen S, Tsai 
JP, Ortega-Gutierrez S, McTaggart RA, Torbey MT, 
Kim-Tenser M, Leslie-Mazwi T, et al. Thrombectomy 
for stroke at 6 to 16 hours with selection by perfusion 
imaging. N Engl J Med. 2018;378(8):708–18.

 31. Higashida RT, Furlan AJ, Roberts H, et  al. Trial 
design and reporting standards for intra-arterial cere-
bral thrombolysis for acute ischemic stroke. Stroke. 
2003;34(8):e109–37.

 32. Zaidat OO, Yoo AJ, Khatri P, et al. Recommendations 
on angiographic revascularization grading standards 
for acute ischemic stroke: a consensus statement. 
Stroke. 2013;44(9):2650–63.

 33. Löwhagen Hendén P, Rentzos A, Karlsson JE, 
Rosengren L, Leiram B, Sundeman H, et al. General 
anesthesia versus conscious sedation for endovascular 
treatment of acute ischemic stroke: the AnStroke trial 
(anesthesia during stroke). Stroke. 2017;48:1601–7.

 34. Schönenberger S, Uhlmann L, Hacke W, Schieber 
S, Mundiyanapurath S, Purrucker JC, et al. Effect of 
conscious sedation vs general anesthesia on early neu-
rological improvement among patients with ischemic 
stroke undergoing endovascular thrombectomy: a ran-
domized clinical trial. JAMA. 2016;316:1986–96.

 35. Simonsen C, Yoo A, Sorensen L, Juul N, Johnsen SP, 
Andersen G, et  al. Effect of generalized anesthesia 
and conscious sedation during endovascular therapy 
on infarct growth and clinical outcomes in acute 
ischemic stroke: a randomized clinical trial. JAMA 
Neurol. 2018;75:470–7.

 36. Vitt JR, Trillanes M, Hemphill JC 3rd. Management 
of Blood Pressure during and after Recanalization 
Therapy for acute ischemic stroke. Front Neurol. 
2019;10:138.

 37. Sandercock PA, Counsell C, Tseng MC, Cecconi 
E. Oral antiplatelet therapy for acute ischaemic stroke. 
Cochrane Database Syst Rev. 2014:CD000029.

 38. The International Stroke Trial (IST): a randomised 
trial of aspirin, subcutaneous heparin, both, or neither 
among 19435 patients with acute ischaemic stroke: 
international stroke trial collaborative group. Lancet 
1997;349:1569–1581.

 39. CAST: randomised placebo-controlled trial of 
early aspirin use in 20,000 patients with acute isch-
aemic stroke: CAST (Chinese Acute Stroke Trial) 
Collaborative Group. Lancet. 1997;349:1641–1649.

 40. Wang Y, Wang Y, Zhao X, Liu L, Wang D, Wang C, 
CHANCE Investigators, et al. Clopidogrel with aspi-
rin in acute minor stroke or transient ischemic attack. 
N Engl J Med. 2013;369:11–9.

 41. Whiteley WN, Adams HP Jr, Bath PM, Berge E, 
Sandset PM, Dennis M, Murray GD, Wong KS, 
Sandercock PA. Targeted use of heparin, heparinoids, 
or low-molecular-weight heparin to improve outcome 
after acute ischaemic stroke: an individual patient 
data meta-analysis of randomised controlled trials. 
Lancet Neurol. 2013;12:539–45.

 42. Sandercock PA, Counsell C, Kane EJ. Anticoagulants 
for acute ischaemic stroke. Cochrane Database Syst 
Rev. 2015:CD000024.

 43. Miles A, Zeng IS, McLauchlan H, Huckabee 
ML.  Cough reflex testing in dysphagia following 
stroke: a randomized controlled trial. J Clin Med Res. 
2013;5:222–33.

 44. Joundi RA, Martino R, Saposnik G, Giannakeas V, 
Fang J, Kapral MK. Predictors and outcomes of dys-
phagia screening after acute ischemic stroke. Stroke. 
2017;48:900–6.

 45. Dennis M, Caso V, Kappelle LJ, Pavlovic A, 
Sandercock P.  European stroke organisation (ESO) 
guidelines for prophylaxis for venous thromboem-
bolism in immobile patients with acute ischaemic 
stroke. Eur Stroke J. 2016;1:6–19.

26 Management in a Patient with Stroke



372

 46. Thanvi B, Treadwell S, Robinson T. Early neurologi-
cal deterioration in acute ischaemic stroke: predic-
tors, mechanisms and management. Postgrad Med J. 
2008;84(994):412–7.

 47. Wijdicks EFM, Sheth KN, Carter BS, Greer DM, 
Kasner SE, Kimberley WT, et al. Recommendations for 
the management of cerebral and cerebellar infarction 
with swelling: a statement for healthcare profession-
als from the American Heart Association/American 
stroke association. Stroke. 2014;45:1222–38.

 48. Agarwalla PK, Stapleton CJ, Ogilvy CS. Craniectomy 
in acute ischemic stroke. Neurosurgery. 2014;74(suppl 
1):S151–62.

 49. Mostofi K.  Neurosurgical management of massive 
cerebellar infarct outcome in 53 patients. Surg Neurol 
Int. 2013;4:28.

 50. Vahedi K, Hofmeijer J, Juettler E, Vicaut E, George 
B, Algra A, DECIMAL, DESTINY, and HAMLET 

Investigators, et  al. Early decompressive surgery in 
malignant infarction of the middle cerebral artery: a 
pooled analysis of three randomised controlled trials. 
Lancet Neurol. 2007;6:215–22.

 51. Maciel CB, Sheth KN.  Malignant MCA stroke: an 
update on surgical decompression and future direc-
tions. Curr Atheroscler Rep. 2015;17:40.

 52. Yang MH, Lin HY, Fu J, Roodrajeetsing G, Shi 
SL, Xiao SW.  Decompressive hemicraniectomy in 
patients with malignant middle cerebral artery infarc-
tion: a systematic review and meta-analysis. Surgeon. 
2015;13:230–40.

 53. Alexander P, Heels-Ansdell D, Siemieniuk R, 
Bhatnagar N, Chang Y, Fei Y, Zhang Y, McLeod S, 
Prasad K, Guyatt G. Hemicraniectomy versus medical 
treatment with large MCA infarct: a review and meta- 
analysis. BMJ Open. 2016;6:e014390.

V. Singhal



Part III

Neuroradiology



375© Springer Nature Singapore Pte Ltd. 2020 
H. Prabhakar et al. (eds.), Problem Based Learning Discussions in Neuroanesthesia 
and Neurocritical Care, https://doi.org/10.1007/978-981-15-0458-7_27

Management of Patient 
Undergoing Embolization: 
Aneurysm/AVMs

Deepali Garg and Mariel Manlapaz

Stem Case Terminology
A 42-year-old female is brought to the emer-
gency department (ED) by paramedics. She 
was watching television at her house when she 
had sudden onset of headache and nausea fol-
lowed by loss of consciousness. On her arrival 
in ED, she was drowsy but obeying com-
mands, no other neurologic deficits. Pupils 
were equal and reactive. On chest ausculta-
tion, B/L basal rales were heard. Her vital 
signs were BP—212/108 mmHg, pulse—48/
min, SpO2—94% with O2 6  L by facemask, 
temperature—36.8  °F.  EKG showed T wave 
inversion with ST segment depression. A 
computed tomography (CT) scan showed sub-
arachanoid hemorrhage (SAH) in the right 
sylvian fissure with a right frontotemporal 
intraparenchymal clot. An angiogram was per-
formed and showed right middle cerebral 
artery (MCA) aneurysm. Blood investigations 
showed Na—130  mmol/L, K—3.2  mmol/L, 
glucose—238 mg/dL, Hb—13 g/dL, WBC—
18 × 109/L, platelets—300,000/μL. Toxicology 
screen was positive for cocaine. Patient had a 
smoking history of 20 pack-years. There was 
no other significant medical history.

Question 1:
When evaluating a patient with SAH, what are 
the common classifications used? How do these 
grading correlate with patient’s outcome?

Answer:
Hunt and Hess [1], World Federation of 
Neurological Surgeons [2], and modified Fischer 
grade [3] are used to standardize clinical assess-
ment in patients with SAH.  Knowledge and 
understanding of these grading scales are required 
for effective communication between physicians, 
assessment of the severity of the underlying patho-
physiological abnormalities, and rational plan-
ning of the perioperative anesthetic management.

In general, the higher the clinical grade, the 
more likely are cerebral vasospasm, elevated 
intracranial pressure (ICP), impaired cerebral 
autoregulation, impaired vascular CO2 reactivity, 
cardiac arrhythmias and dysfunction [4], hypovo-
lemia, and hyponatremia [5]. Patients with Hess 
and Hunt grade I and II are likely to have normal 
ICP and preserved cerebrovascular reactivity. In 
contrast, patients with Hess and Hunt grade III 
and IV are likely to have increased ICP and 
impaired cerebrovascular reactivity; hyperventi-
lation is thus unlikely to result in reliable cerebral 
vasoconstriction.

The Fisher scale was proposed to predict cere-
bral vasospasm after SAH.  The scale assigns a 
grade based on the pattern of blood visualized on 
initial CT scanning.
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World Federation of Neurological 
Surgeons scale Hunt and Hess scale Modified Fischer scale

Grade

Glasgow 
coma 
scale

Neurologic 
examination Grade Neurologic examination Scale

Subarachnoid 
hemorrhage

Intraventricular 
hemorrhage

1 15 No motor 
deficit

1 Asymptomatic or minimal 
headache and slight 
nuchal rigidity

0 Absent Absent

2 13–14 No motor 
deficit

2 Moderate to severe 
headache, nuchal rigidity, 
no neurological deficit 
other than cranial nerve 
palsy

1 Thin Absent

3 13–14 Motor deficit 3 Drowsy, confusion, or 
mild focal deficit

2 Thin Present

4 7–12 With or 
without 
motor deficit

4 Stupor, moderate to 
severe hemiparesis

3 Thick Absent

5 3–6 With or 
without 
motor deficit

5 Comatose, motor 
posturing or no motor 
response

4 Thick Present

Question 2:
What is the role of transmural pressure (TMP) 
and cerebral perfusion pressure (CPP) in this 
case?

Answer:
There are two major forces in effect that need 
to be considered when caring for a patient 
with a cerebral aneurysm at risk:

 (a) TMP is the pressure across the aneurysmal 
dome and is a strong determinant of aneurysm 
rupture. TMP is defined as the difference 
between mean arterial pressure (MAP) and the 
ICP. To decrease the likelihood of rupture, 
drastic changes in TMP should be avoided.

 (b) CPP is also defined as the difference between 
MAP and ICP. The higher the CPP, more is 
the perfusion present for the brain, guarding 
against ischemia.

TMP and CPP are mathematically defined by 
the same variables. Thus, as one seeks to per-
fuse the brain, the risk of rupture is increased. 
As one seeks to reduce the risk of rupture, the 
risk of underperfusing the brain is increased. 
Knowing the patient’s baseline pressure and 

corresponding neurologic status can serve as a 
starting point. However, the choice of blood 
pressure target must be tailored to unique patient 
scenario and the risk of rupture versus 
hypoperfusion.

Question 3:
What are the cardiac manifestations of SAH? 
What cardiac abnormalities that occur in SAH 
interfere with patient outcome?

Answer:
Cardiac dysfunction is a well-known complica-
tion of SAH and can range from minor ECG 
changes to severe stress cardiomyopathy. EKG 
changes can be seen in 40–100% of patients with 
aneurysmal SAH, and they include T-wave inver-
sions, ST segment depression, prolonged QTc 
interval, and dysrhythmias such as atrial fibrilla-
tion and flutter, ventricular tachycardia, and ven-
tricular fibrillation [6]. Prolonged QTc was found 
to be an independent predictor of poor survival 
during follow-up after ICH [7].

The incidence of left ventricular dysfunction in 
the first week after SAH ranges from 9 to 30% and 
can range from regional wall motion abnormali-
ties not correlating with coronary artery territo-
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ries or severe systolic left ventricular dysfunction 
with an ejection fraction of less than 30% [8, 9]. 
Detectable cardiac troponin I (cTI) release occurs 
in 20–40% of patients, but these elevations are usu-
ally small, with the vast majority below the diag-
nostic threshold for myocardial infarction [10]. 
However, elevated cTI can have detrimental effect 
on in-hospital morbidity and long-term outcome. 
Naidech et al. investigated the effect of raised cTI 
in 253 patients with SAH and concluded that peak 
cTI level was associated with echocardiographic 
left ventricular dysfunction, pulmonary edema, 
hypotension requiring pressors, delayed cerebral 
ischemia from vasospasm and death or poor func-
tional outcome at discharge [11].

Cardiac dysfunction seen in SAH patients is 
believed to be neurally mediated and is related to 
the catecholamine surge. Catecholamine surge dur-
ing aneurysm rupture results in direct myocardial 
injury, leading to decreased inotropy and an increase 
in cardiac preload due to venous constriction, as 
well as increased cardiac afterload due to periph-
eral arterial constriction [12]. Consequently, stroke 
volume diminishes, which cannot be compensated 
by reflex tachycardia, resulting in decreased cardiac 
output and neurocardiogenic shock. In the most 
severe form of cardiac injury after SAH, myocar-
dial enzyme release is associated with a syndrome 
of neurogenic stunned myocardium characterized 
by reversible left ventricular systolic dysfunction, 
cardiogenic shock, and pulmonary edema. Due 
to loss of myocardial compliance, the cardiac sil-
houette on a ventriculogram and chest radiograph 
has the characteristic shape of a Japanese octopus 
fishing pot (tako-tsubo), getting its name Takotsubo 
cardiomyopathy [13]. Neurogenic cardiomyopa-
thy in SAH is associated with higher mortality and 
worse long-term outcomes.

Question 4:
What is the significance of smoking history in 
this patient? What could be the possible reasons 
for B/L basilar rales?

Answer:
Cigarette smoking is a well-known risk factor for 
the development and rupture of cerebral aneu-
rysms. An estimated 29% of the attributable risk 

of aneurysmal SAH is due to smoking, and smok-
ing cessation decreases the risk of SAH [14]. 
Dasenbrock et  al. evaluated the association of 
smoking with outcomes after SAH and con-
cluded that smoking was associated with 
increased odds of delayed cerebral ischemia, a 
younger age of rupture, and increased number of 
comorbidities, highlighting the negative impact 
of smoking in patients with cerebral aneurysms.

However, the exact mechanism by which smok-
ing promotes cerebral aneurysm formation remains 
largely unknown though several mechanisms are 
postulated such as cigarette atherosclerosis, hemo-
dynamic stress, and endothelial dysfunction leading 
to aneurysm wall weakening and rupture, release of 
inflammatory mediators, chronic inflammation 
causing vessel wall remodeling, and damage [15].

The patient had B/L basilar rales on chest aus-
cultation which could indicate pulmonary edema. 
Neurogenic pulmonary edema (NPE) is an increase 
in interstitial and alveolar lung fluid occurring as a 
direct consequence of acute central nervous sys-
tem injury and is observed in 8–28% of patients 
with SAH. Several mechanisms are postulated for 
NPE.  Increased intracranial pressure occurring 
after SAH causes intense sympathetic activation 
leading to pulmonary as well as systemic vasocon-
striction. According to the “blast theory,” proposed 
by Theodore and Robin, severe transient rise of 
pulmonary capillary pressure increases pulmonary 
vascular permeability, leading to an interstitial and 
alveolar pulmonary edema. Also increased sys-
temic pressure causes decreased left ventricular 
compliance and increased left atrial pressures, 
thereby causing increased pulmonary capillary 
pressure resulting in pulmonary edema. However, 
NPE might also occur independent from hemo-
dynamic mechanisms. Some of the postulated 
mechanisms are modulation of the endothelial per-
meability in pulmonary microvessels by adrenergic 
receptors, pulmonary microembolization second-
ary to intravascular thrombosis and platelet aggre-
gation, and pulmonary lymphatic obstruction due 
to sympathetic activation.

Question 5:
The patient is noted to have electrolyte distur-
bances. Is it related to patient’s intracranial 
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pathology? If yes, what are the probable etiolo-
gies for this derangement?

Answer:
Hyponatremia is the most common, clinically sig-
nificant electrolyte abnormality seen in patients 
with aneurysmal subarachnoid hemorrhage and 
has prevalence ranging from 30 to 56% [16]. 
According to the latest recommendations, hypona-
tremia should be further investigated and treated 
when the serum Na level is less than 131 mmol/L. 
[17] Hyponatremia following SAH is most com-
monly associated with syndrome of inappropriate 
antidiuretic hormone secretion (SIADH). Other 
associated causes include acute cortisol insuffi-
ciency, cerebral salt wasting syndrome (CSW), 
excessive fluid therapy, and/or diuretic therapy. 
SIADH is categorized as the most frequent cause 
of hyponatremia among patients with aneurysmal 
SAH [18]. In SIADH, excessive secretion of antidi-
uretic hormone is caused by the stimulation of the 
hypothalamus with various traumatic or ischemic 
factors, resulting in the enhancement of water reab-
sorption in the distal convoluted tubule of the kid-
ney, causing fluid retention and dilutional 
hyponatremia. It is characterized by hyponatremia 
in the setting of an inappropriately concentrated 
urine, increased urine Na+ concentration and evi-
dence of normal or slightly increased intravascular 
volume. Whereas CSW syndrome is caused by 
increased circulating brain natriuretic peptide level 
causing urinary sodium excretion, as well as reduc-
tions of extracellular fluid and circulating blood 
volume, eventually resulting in hyponatremia [19].

It is important to note that in both CSW and 
SIADH, the laboratory findings are similar: low 
serum sodium (<134 mEq/mL), low serum osmo-
lality (<274  mmol/L), high urine sodium 
(>20  mmol/L), and high urine osmolality 
(>100 mmol/L). The only differentiating finding 
is the patient’s intravascular volume status; CSW 
is a hypovolemic state, while patients with 
SIADH are euvolemic or even hypervolemic. It is 
of utmost importance to correctly differentiate 
these two syndromes because the treatment is 
opposite and an incorrect diagnosis with improper 
treatment can lead to detrimental effects in 
patients with SAH [20].

CSW is treated with fluid administration and 
sometimes a continuous infusion of hypertonic 
saline (1.5–3%) and fludrocortisone if diuresis 
and natriuresis impede the maintenance of ade-
quate volume status. However, patients with 
SIADH are treated with fluid restriction and 
sometimes diuresis with loop diuretics. Serum 
sodium as well as the volume status must be fol-
lowed closely.

Question 6:
What is the significance of placing extraventricu-
lar drain (EVD) in these patients? How can EVD 
help in our anesthesia management?

Answer:
EVD is placed in the emergent management of 
hydrocephalus and ICP after SAH. It helps in the 
treatment as well as monitoring of raised ICP. The 
rate of acute hydrocephalus in aneurysmal SAH 
requiring EVD has been estimated at 20% [21]. 
However, placing an EVD in patients who are 
going to undergo endovascular therapy (EVT) of 
aneurysm can be challenging, and a difficult 
decision as EVD placement before EVT may 
increase risk of rebleeding while placing it after 
may delay normalizing increased ICP. [22] EVT 
for aneurysms has seen significant growth in the 
past few years after international subarachnoid 
aneurysm trial (ISAT) trial [23] as well as intro-
duction of stents; however, this necessitates addi-
tional administration of antiplatelet agents. There 
are no standard protocols of anticoagulation with 
heparin and/or antiplatelet drugs in the guidelines 
[24]. The influence of anticoagulation and the 
management of EVD insertion (before or after 
endovascular treatment) on ventriculostomy-
related hemorrhage is unclear. Scheller et  al. 
investigated the rate of ventriculostomy-related 
hemorrhage after endovascular treatment vs. 
clipping and concluded that ventriculostomy-
related hemorrhage is an underestimated compli-
cation after endovascular treatment and can lead 
to revision surgeries and bacterial infections and 
may have a negative impact on long-term out-
come. The probability of occurrence is increased 
when anticoagulation is performed by heparin in 
combination with antiplatelet drugs as compared 
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to heparin alone. They also suggested the use of 
lumbar drainage as an alternative for the treat-
ment of acute hydrocephalus in patients with 
Hunt and Hess grade 1–3 [25]. Contrary to these 
findings, Lim et al. studied the placement of EVD 
before and after EVT in patients with aneurysmal 
SAH and reported that placing EVD before EVT 
did not increase the rate of rebleeding or EVD-
related hemorrhagic complications. Thus, con-
cluding that performing EVD before EVT may 
be beneficial to normalize increased ICP and may 
improve clinical outcomes at discharge, espe-
cially in patients with rebleeding [26].

Question 7:
How does one decide between endovascular coil-
ing and open clipping of aneurysm? What are the 
advantages and disadvantages of endovascular 
aneurysm coiling?

Answer:
With the publication of the ISAT, which com-
pared endovascular coiling to surgical clipping 
after SAH, the treatment of an unsecured aneu-
rysm has shifted from surgical clipping to 
mostly endovascular coiling [27]. ISAT showed 
that patients in the endovascular coiling group 
had significantly higher odds of survival free of 
disability 1 year after SAH and a lower risk of 
epilepsy when compared to the surgical clip-
ping group. Even 10 years after SAH, patients 
who underwent endovascular coiling had better 
outcomes [28]. In contrast, the risk of rebleed-
ing and incomplete occlusion of the aneurysm 
was lower with surgical clipping. Lanzino et al. 
did a meta- analysis of all published prospective 
studies and concluded that the odds of poor out-
come are higher after surgical treatment than 
after endovascular treatment, despite a higher 
early risk of rebleeding from the target aneu-
rysm after coil embolization [29]. Furthermore, 
subgroup analyses from these clinical trials 
indicated that the risks of seizures, delayed 
cerebral ischemia, ischemic lesions on MR 
imaging, and in-hospital complications are 
lower after coil embolization than after surgical 
clip ligation.

These observations provide convincing evi-
dence that endovascular coil embolization should 
be strongly considered as the preferred treatment 
technique for a ruptured aneurysm amenable to 
either therapeutic technique. However, follow-up 
angiograms are necessary, as the recurrence rate 
of aneurysms is higher when they are treated with 
endovascular coiling [28].

However, some patients might be better candi-
dates for surgical clip ligation. Very small aneu-
rysms are often challenging to treat with an 
endovascular approach [30]. Similarly, many 
MCA aneurysms have an unfavorable geometry 
for primary coiling, and they are often better 
treated with surgical clipping [31]. Moreover, very 
young patients with ruptured anterior circulation 
aneurysms (especially those who may be noncom-
pliant with follow-up imaging) may also be better 
candidates for surgical treatment rather than endo-
vascular coil embolization due to increased rate of 
recurrence [32]. Despite the evidence from ran-
domized clinical trials, the decision on what is the 
best treatment for a ruptured aneurysm in a given 
patient should be individualized by taking into 
consideration aneurysm-related and patient-spe-
cific factors. Finally, based on the available litera-
ture, the current consensus is that if there is 
equipoise between clipping and coiling, one 
should favor the endovascular options.

Question 8:
What additional concerns we have regarding 
radiation in a neuroendovascular suite?

Answer:
Personnel working in the neuroendovascu-
lar suite have the risk of exposure to ionizing 
radiation. Biologic effects resulting from radia-
tion exposure are traditionally divided into sto-
chastic effects and deterministic effects [33]. 
Deterministic effects create cell death at the tissue 
level resulting in defects, in particular lens opaci-
ties, skin injuries, and infertility. Deterministic 
effects occur predictably when the dose exceeds 
a certain threshold and severity of the effect var-
ies with radiation dose. Whereas, stochastic inju-
ries are due to genetic transformation which can 
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occur due to point mutations, chromosomal trans-
locations, or gene fusions. The likelihood of sto-
chastic effects increases with the total radiation 
energy absorbed, but their severity is indepen-
dent of total dose. Stochastic effects are cumula-
tive and have a long latency period [33]. Recent 
data indicate that radiation- induced cataracts are 
a stochastic effect rather than deterministic [34].

Various sources of radiation include direct 
radiation from the X-ray tube, leakage of 
 radiation through the collimators and protective 
shielding, and scatter radiation that is reflected 
from the patient and the surrounding area [35]. 
For the anesthesiologist, the two most important 
factors in reducing radiation exposure are dis-
tance and shielding. Ionizing radiation follows 
the inverse square law, i.e., the amount of expo-
sure decreases proportionally to the square of the 
distance from the source of the radiation [36]. 
International commission on radiological pro-
tection (ICRP) has lowered its recommended 
maximum yearly total body effective dose equiv-
alent from 50 mSv/year to 20 mSv/year for per-
sonnel exposed to radiation [37]. Injections of 
drugs or alterations in pump settings draw the 
anesthesiologist toward the intravenous tubing 
and, thus, toward the patient’s head; closer to the 
source of scatter radiation; and closer to the front 
edge of the protective shield. Also, switching the 
anesthesia ventilator off temporarily, to create 
apneic movement-free periods, would do the 
same; therefore, activity near the head of the 
patient should be kept to a minimum during fluo-
roscopy, and the use of extension tubing is 
required for infusion and monitoring lines. 
Appropriate radiation shielding is crucial. 
Standard lead aprons or transparent leaded 
acrylic shields, both with 0.5- mm lead-equiva-
lent protection, reduce fluoroscopy levels of 
radiation by more than 98% each [38]. All per-
sonnel working in the room should wear protec-
tive lead aprons and thyroid shields throughout 
the procedure. Clear lead screens can be used to 
reduce exposure further. Anastasian et  al. ana-
lyzed the radiation exposure to the face of the 
anesthesiologist during interventional neuroradi-
ology procedures and found that exposure to the 
anesthesiologist’s face was sixfold greater than 

that during angiography and threefold greater 
than that of the radiologist. They concluded that 
anesthesiologists who spend significant time in 
neurointerventional radiology suites should wear 
protective eyewear [38].

Question 9:
Surgeon decides to go ahead with coiling of 
aneurysm. Describe the considerations to achieve 
induction of anesthesia for coiling. What anes-
thetic agents can be used for maintenance phase 
of anesthesia?

Answer:
Anesthetic considerations when providing anes-
thesia to patients undergoing INR procedures 
include maintenance of patient immobility and 
physiological stability, manipulating systemic 
and regional cerebral blood flow, managing anti-
coagulation, treating sudden unexpected compli-
cations during the procedure, medical 
management of critically ill patients during trans-
port to and from radiology suites, and smooth 
and rapid recovery from anesthesia to facilitate 
neurological examination.

Preoperative assessment: Detailed patient 
evaluation and understanding of the underlying 
neuropathology are essential. In addition to the 
normal preanesthetic evaluation, a patient under-
going a neuroradiology procedure requires a 
careful neurological examination to identify any 
deficits present. Baseline arterial pressure and 
cardiovascular reserve should be evaluated, as 
should renal insufficiency. As anticoagulation is 
employed during most procedures, evaluation of 
coagulation is important. Patients with arthritis of 
neck, back, or other joints will have difficulty in 
lying supine for prolonged time under sedation or 
local anesthesia.

Anesthesia technique: The anesthesia machine 
is best located opposite the surgeon and toward 
the patient’s feet. This position keeps it out of the 
way, and imaging equipment can move freely 
around the patient’s head. Endovascular treat-
ment of cerebral aneurysm can be performed 
under sedation or general anesthesia; however, 
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general anesthesia is the preferred technique by 
most anesthesiologists.

Sedation: Primary goals of the technique 
employing conscious sedation include alleviating 
pain or discomfort, anxiolysis, and patient immo-
bility. Endovascular treatment is not very painful, 
and hence, achieving analgesia is not very 
 difficult. However, pain may be associated with 
the injection of contrast material into the cerebral 
arteries or distension and traction of cerebral 
arteries [39]. The procedure can be long, leading 
to discomfort for the patient by having to lie still 
for long periods. Hence, if being done under 
sedation, it is important to ensure that the patient 
is in a comfortable position before commencing 
conscious sedation. Short-acting agents such as 
fentanyl, midazolam, and propofol are used, so 
that sedation is readily titratable. This allows the 
evaluation of the patient’s neurological status 
during the procedure.

General anesthesia: Most anesthesiologists 
prefer general anesthesia as opposed to sedation 
as this provides an immobile patient with 
improved image quality, patient comfort, better 
control of the respiratory and hemodynamic pro-
file, and ability to manage raised ICP. Also, under 
general anesthesia, an emergency complication 
such as hemorrhage may be treated more quickly, 
for example, by ventriculostomy or by deepening 
anesthesia for cerebral protection. The disadvan-
tages are the inability to perform neurological 
assessment intraoperatively and the conse-
quences of endotracheal intubation and extuba-
tion producing hypertension, coughing, or 
straining which can lead to raised ICP.

Monitoring: Monitoring includes ECG, pulse 
oximetry, inspired and expired gas analysis, 
intra-arterial blood pressure, and temperature 
monitoring. Due to the ambient temperature of 
neuroradiology suite and the duration of the pro-
cedure, active warming devices can be used to 
prevent hypothermia in these patients. Even 
though hypothermia has been used as a method 
of neuroprotection for many decades, there is no 
conclusive human data to support the use of 

hypothermia as being neuroprotective in the clin-
ical setting of SAH [40]. Hyperthermia, on the 
other hand, can augment brain injury and hence 
should be avoided. Hence, normothermia should 
be maintained during endovascular repair. A uri-
nary catheter is inserted as a large volume of con-
trast and flush may be used.

Induction: The goal during induction of anes-
thesia for endovascular repair of cerebral aneu-
rysm is to reduce the risk of aneurysm rupture by 
minimizing any acute changes in TMP while 
simultaneously maintaining an adequate 
CPP. The incidence of aneurysmal rupture during 
induction of anesthesia has been reported to be 
around 2% [41].

Maintenance: The aims of maintenance of 
anesthesia include maintaining a stable BP, ablate 
the response to painful stimuli, and avoid any fur-
ther increases in ICP. This can be achieved using 
a volatile or total intravenous anesthesia (TIVA) 
anesthesia. A TIVA-based technique using pro-
pofol, remifentanil, muscle relaxation, and endo-
tracheal intubation may be used. The effects of 
propofol on cerebral physiology have been well 
studied, and it is shown to decrease both CBF and 
CMRO2  in a parallel and dose-related manner 
[42].Remifentanil offers stable and easily con-
trollable hemodynamics and particularly rapid 
postoperative recovery [43]. The advantages of 
TIVA-based technique include reduction in both 
CBF and CMRO2 in parallel, avoidance of inha-
lational agents, and faster recovery. Inhalational 
agents can be used as well, the change in CBF 
secondary to a change in arterial CO2 tension is 
preserved at 1 MAC (minimal alveolar concen-
tration) end-tidal sevoflurane anesthesia and 
“coupling” of CBF and CMRO2 is maintained 
[44]. Isoflurane and desflurane in less than 1 
MAC concentrations have also been used safely. 
Nitrous oxide is preferably avoided, as there is 
risk of enlargement of micro air bubbles during 
injection of contrast or irrigation fluid. A combi-
nation of low dose of propofol and remifentanil 
infusions supplemented with sevoflurane can 
also be used to maintain anesthesia. This combi-
nation of low doses of i.v. agents and vapor mini-
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mizes individual drugs’ side-effects and allows 
“fine tuning” of the depth of anesthesia by vary-
ing vapor concentration [45].

Maintenance of cardiovascular stability is 
sometimes difficult as noxious stimulation dur-
ing coiling is usually minimal. In patients with 
SAH, avoidance of hypotension is vital, as cere-
bral autoregulation is impaired. The BP may 
need to be supported with fluids and vasopres-
sors. On the other hand, essential or reactive 
hypertension may require treatment to prevent 
rebleeding or cerebral edema. There is no skull 
decompression during endovascular treatment; 
therefore, an increase in transmural pressure, 
which may cause aneurysm rupture, must be 
avoided, especially at endotracheal intubation 
and extubation.

Ventilation of the lungs should be adjusted to 
achieve low normocapnia (PaCO2 30–34 mmHg) 
[46]. This is appropriate in an attempt to direct 
flow away from normal brain and toward a lesion 
that is intended to receive the occlusive device or 
material. It may also help reduce the raised ICP 
associated with SAH.  Hyperventilation also 
improves the quality of the vascular image, as 
vasoconstriction allows contrast to fill the arterial 
lumen to the edges so that a clearer picture is 
obtained [47].

Anticoagulation: Careful management of coag-
ulation is required to prevent thromboembolic 
complications during and after the procedure. In 
general, after a baseline activated clotting time 
(ACT) is obtained, i.v. heparin (70  IU/kg) is 
given to prolong ACT by two to three times. ACT 
is monitored at least every hour and if required 
additional dose of heparin is given [39].

Question 10:
What materials are used for endovascular aneu-
rysm treatment? How does our perioperative 
management differ?

Answer:
Endovascular techniques have brought a para-
digm shift in the management of intracranial 
aneurysms. Various different techniques exist for 
the treatment of aneurysms, and newer materials 

are rapidly developing to make the procedures 
safer and more efficacious.

Coil embolizaiton: The Guglielmi electrolyti-
cally detachable coil system was introduced in 
the early 1990s. They are platinum coils, inserted 
into the lumen of the aneurysm, causing a local 
thrombus formation around the coils, thereby 
obliterating the aneurysmal sac [48].

Complications of endovascular coiling include 
thromboembolism and intraprocedural aneurysm 
rupture. Both of these complications are more 
common in the setting of SAH than for unrup-
tured aneurysms [49, 50]. Thromboembolism 
occurred in 12.5% of endovascularly treated 
aneurysms in one series. Aneurysm size >10 mm 
and neck size >4 mm were risk factors for this 
complication [49].

While of unproven benefit, some combination 
of heparin and/or antiplatelet therapy is used in 
most centers to minimize sequelae. In one large 
series, 9.3% of patients experienced a thrombo-
embolic event during coiling despite use of hepa-
rin and aspirin [51]. Rescue treatment with 
abciximab appeared safe and effective; no 
patients experienced a bleeding complication and 
29 of 42 patients did not suffer a clinical or radio-
logic infarction. In one series, GIIB/IIIa inhibi-
tors, such as abciximab, appeared to be safer for 
this indication than thrombolytic agents [52].

Newer techniques: Endovascular therapy for 
cerebral aneurysms is evolving and continues to 
have significant advances in technology like 
improved microcatheter design, new coil design 
including bioactive and expansile hydrogel coils, 
remodeling the neck of the aneurysm using bal-
loon catheters (a nondetachable balloon catheter 
is deployed across the aneurysm neck and bal-
loon inflated when coils are deployed in the aneu-
rysm, thus preventing prolapse into the parent 
vessel and allow tighter packing), availability of 
stent-assisted coil embolization (a self- 
expandable stent is deployed across the aneurysm 
and then the microcatheter is manipulated 
through the stent mesh into the aneurysm rem-
nant and coils deployed sequentially occluding 
the remnant), flow diverters and disruptors, and 
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new embolic material including liquids offer 
promise that aneurysms previously considered 
not amenable to therapy will be treatable in the 
future [53].

Insertion of stent requires pre-procedural 
administration of antiplatelet agents like aspirin 
and Plavix, which might lead to increased bleed-
ing risk during insertion of invasive lines like cen-
tral venous catheter or arterial line. Intraoperative 
decision to use a stent or flow diverter in patients 
who are not preloaded on antiplatelet agents 
might require insertion of a nasogastric tube for 
the administration of these medications. In 
patients with aneurysmal subarachnoid hemor-
rhage (Hunt and Hess Grade 3 and above), who 
need flow divertors, a decision to insert an EVD is 
often made before starting them on perioperative 
antiplatelet agents, to reduce the hemorrhage risk 
of EVD insertion in the postoperative period [54].

Question 11:
What is the role of neurophysiologic monitoring 
in endovascular coiling of aneurysm?

Answer:
Neurophysiological monitoring (NPM) can 
directly assess the functional state of specific 
cerebral regions and provide an indirect measure 
of regional ischemia produced in the cerebral cir-
culation. EVT of aneurysms can alter regional 
cerebral blood flow (rCBF) and cause ischemic 
complications. In addition, EVT may result in 
thromboembolic complications or may partially 
impede blood flow in the parent vessel. As these 
therapeutic maneuvers are often performed in the 
patients under general anesthesia, therefore, a 
technique to detect and monitor significant 
changes in rCBF at the time of endovascular 
treatment of aneurysms may provide useful 
information.

The type of NPM is determined by the location 
of the aneurysm and its associated vascular terri-
tory and can include somatosensory evoked poten-
tial (SSEP), motor evoked potential (MEP), 
electroencephalography (EEG), and brainstem 
auditory evoked potential (BAEP). SSEPs that use 
median and posterior tibial nerve stimulation are 
useful in assessing the functional state of the mid-

dle and anterior cerebral artery territories by 
detecting impairment along the respective somato-
sensory pathways. BAEP monitoring detects func-
tional changes along the auditory brain stem 
pathways. This is most often caused by a brain 
stem insult, which could result from vertebrobasi-
lar ischemia; however, ischemia in the cerebellum 
or posterior cerebral artery territories could still be 
missed. EEG provides a more global assessment 
of cerebral ischemia but cannot be used to monitor 
the posterior fossa. It may be used to detect isch-
emia in the posterior cerebral artery territory, but 
its sensitivity is limited because only a limited 
number of electrodes can be placed on the patient’s 
head as more electrodes would obscure optimal 
working projections for endovascular treatment 
[55]. MEP monitoring can give valuable informa-
tion regarding descending tracts as SSEP can only 
be used to monitor ascending tracts. As single sig-
nals can be evaluated in MEP, the time interval 
necessary for the detection of an impending neuro-
logical deficit is shortened. Also, MEP monitoring 
can be performed in patients with moderate to 
severe neurological deficits [56]. The limitations 
of NPM include relative insensitivity in detecting 
ischemic changes in certain vascular territories 
such as posterior cerebral artery territory. Also, 
anesthetic agents can cause confounding effects 
which mimics cerebral ischemia. Obtaining good 
quality signals might be difficult in the radiology 
suite, and performing NPM necessitates the pres-
ence of a technician and/or neurophysiologist 
throughout the procedure [57].

Question 12:
Surgeon is trying to navigate the coil, you sud-
denly notice patient’s BP rises to 240/120 mmHg, 
HR 42/min. You inform this to the surgeon who 
also notices extravasation of contrast material. 
What do you think happened and how can it be 
managed surgically? What is the role of anesthe-
siologist in this scenario?

Answer:
The clinical picture suggests an aneurysm rup-
ture. Hemorrhagic complications like aneurysm 
rupture and perforation or dissection of major 
blood vessels may manifest with severe hemody-
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namic alterations like abrupt hypertension, wid-
ened pulse pressure, bradycardia, tachycardia, 
and arrhythmias. Aneurysms may rupture during 
micro-catheter negotiation, coil delivery, or blood 
pressure surges while guide wire or catheters can 
induce perforation/dissection of the feeding 
artery. The anesthetic management centers on 
blood pressure control as a means of maintaining 
adequate cerebral perfusion pressure (CPP) and 
stabilizing the transmural pressure gradient 
(TMPG). Any sudden increase or decrease in 
TMPG should be avoided as that can worsen the 
vascular leak.

Treatment unique to aneurysm rupture during 
endovascular coiling includes consideration of the 
need for urgent reversal of anticoagulation. 
Immediate reversal of heparin may be required 
(1  mg protamine for each 100  units of heparin 
given) [58]. Extraventricular drainage (EVD) 
might be needed urgently for acute management of 
hydrocephalus [59]. Surgeon can try rapid packing 
of the ruptured aneurysm with additional coils. If it 
fails, emergency craniotomy for hematoma evacu-
ation and aneurysm clipping might be needed.

Management of hypertension is a difficult 
issue in patients with SAH. Aggressive treatment 
of surges of BP predisposes to a risk of ischemia 
in areas with loss of autoregulation; [60] hence, it 
seems best to reserve antihypertensive therapy 
for patients with extreme elevations of BP.  A 
common practice is to maintain BP at the same 
level as prior to the bleeding [59]. Other mea-
sures that can be taken to control raised ICP 
include hyperventilation, administration of 
osmotically active agents like hypertonic saline 
or mannitol, initiation of burst suppression, and 
elevation of the head as feasible. Finally, the 
availability of type and cross-matched blood 
should be confirmed.

In the event of aneurysm rupture, clear com-
munication with the surgeon is key, as is system-
atic approach to hemodynamic control and 
volume resuscitation.

Question 13:
If surgeon suspects a cerebral infarction due to 
vessel occlusion, what measures can you take as 
an anesthesiologist to minimize risk of ischemia?

Answer:
Cerebral infarction can occur due to vascular 
occlusion which may be caused by coil misplace-
ment or fracture, thromboembolism, catheters, or 
vasospasm. This needs to be managed emergently 
to ensure adequate blood supply to the ischemic 
area of the brain. In the event of thromboembolic 
occlusion, the arterial pressure should be raised 
to increase collateral blood flow and prevent isch-
emic complications. Angiographically visible 
thrombus may be treated by mechanical lysis 
using a guide wire or local infusion of saline. 
Thrombolytic agents like intra-arterial tissue 
plasminogen activator and antiplatelet agents 
such as abciximab, aGPIIb/IIIa inhibitor have 
been shown to achieve recanalization [61, 62]. 
Misplaced or malpositioned coils are removed by 
endovascular retrieval; however, rarely craniot-
omy may be needed.

Vasospasm reduces CBF, causing cerebral 
ischemia and subsequent delayed ischemic neu-
rodeficits (DIND). It usually manifests locally at 
the site of the bleeding, and therefore, symptoms 
are usually related to the territory of the bleeding; 
however, severe diffuse spasm can be seen in 
patients with severe SAH.  Treatment of vaso-
spasm can be medical (induced hypertension), 
pharmacological, or by angioplasty.

Triple H therapy (hypertension, hypervol-
emia, and hemodilution) was previously recom-
mended for the management of SAH; however, 
the current volume status goal is euvolemia. 
Hypertension is the only component that is shown 
to improve CBF independently. Hypervolemia 
with consequent hemodilution also increases 
CBF but at the expense of blood oxygen content 
and by extension cerebral oxygen delivery [63].

Intra-arterial papaverine infusion results in 
clinical improvement in 25–50% of patients with 
vasospasm [64]. However, papaverine has a tran-
sient effect up to 24 h and is associated with side 
effects, including monocular blindness, mydria-
sis, seizures, transient increase in ICP, 
 hypertension, tachycardia, and paradoxical wors-
ening of vasospasm [65]. Intra-arterial calcium 
channel blocker like nimodipine results in reduc-
tion of angiographic vasospasm and increase in 
cerebral perfusion as detected by perfusion CT 
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after 24 h. Hypotension can occur as a side effect 
after the initial bolus; however, it is temporary 
and could be easily treated by adjusting the vaso-
active medication [66].

Angioplasty is most effective when done 
early, within 2  h of symptomatic ischemia, to 
prevent the transformation of an ischemic infarct 
to a hemorrhagic infarct. It is effective in 
98–100% of patients and results in clinical 
improvement in 70–80% [67]. Complications 
include vessel rupture (2–5%) and rebleed from 
an unprotected aneurysm (5%) [68]. The proce-
dure is often limited by the size of the vessel 
involved and is usually not done beyond A1 and 
M1 segments.

Question 14:
After the aneurysm is secured, what will be your 
hemodynamic goals for this patient? What fac-
tors will you take into consideration before decid-
ing whether to extubate the patient or not?

Answer:
Blood pressure control will depend on whether 
the aneurysm has been completely occluded or 
not. If completely occluded, there is more libera-
tion for systolic blood pressure to rise, mainly to 
preemptively manage the risk of vasospasm.

If possible, all patients should be emerged 
from anesthesia, so that a neurologic examination 
can be performed. A rapid emergence in order to 
facilitate a neurologic examination is helpful and 
continued neurologic examinations on a frequent 
basis should be utilized in the immediate postop-
erative period. However, emergence from anes-
thesia may be impeded by factors that include 
preoperative neurological condition, intraopera-
tive events like aneurysmal rupture, hemody-
namic instability, and prolonged surgical time. In 
addition, extubation should be based on patient’s 
ability for airway protection.

Question 15:
On postoperative day 6, the patient became 
drowsy and stopped responding to verbal com-
mands. On clinical examination, he was noted to 
have left-sided hemiparesis. What could be the 
possible cause of this neurologic deterioration? 

How can you investigate this further and what 
will be the treatment options?

Answer:
The patient is showing signs and symptoms of 
delayed cerebral ischemia, commonly caused by 
cerebral vasospasm. It is the delayed narrowing 
of large capacitance arteries at the base of the 
brain after SAH, which is often associated with 
radiographic or CBF evidence of diminished per-
fusion in the distal territory of the affected artery. 
After aneurysmal SAH, angiographic vasospasm 
is seen in 30–70% of patients, with a typical 
onset 3–5  days after the hemorrhage, maximal 
narrowing at 5–14 days, and a gradual resolution 
over 2–4 weeks [69].

Often, the development of a new focal deficit, 
unexplained by hydrocephalus or rebleeding, is 
the first objective sign of symptomatic vaso-
spasm. In addition, unexplained increases in 
MAP may occur as cerebral arterial autoregula-
tion attempts to improve cerebral circulation to 
prevent ischemia.

The risk for delayed cerebral ischemia 
increases with SAH thickness and intraventricu-
lar hemorrhage, as demonstrated by the modified 
Fisher scale. Additional risk factors include poor 
clinical grade, loss of consciousness at ictus, 
cigarette smoking, cocaine use, SIRS, hypergly-
cemia, hydrocephalus, and non-convulsive sei-
zures [70].

The mechanism for the development of DCI 
includes large-vessel narrowing with subsequent 
low flow, early brain injury triggering glial acti-
vation, endothelial dysfunction, inflammatory 
pathways, microcirculatory dysfunction with loss 
of autoregulation, cortical spreading depolariza-
tion, and microthrombosis [71].

The combination of neurologic examination 
and imaging studies can enhance the early detec-
tion and proper management. Clinical examina-
tion in awake patients who can follow commands 
is the most reliable way to detect and diagnose 
DCI. Monitoring is usually multimodal and can 
include ICP monitoring, continuous EEG, tran-
scranial Doppler (TCD) monitoring, cerebral 
blood flow monitoring, brain tissue oxygen ten-
sion, jugular venous oximetry, and cerebral 
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microdialysis. Vascular imaging modalities like 
digital subtraction angiography (DSA), CT angi-
ography (CTA), and CT perfusion (CTP) imag-
ing are also used when indicated [72]. DSA is the 
gold standard and offers the possibility of endo-
vascular treatment. CTA is often applied for 
vasospasm screening before DSA, given its high 
degree of specificity and lack of invasiveness. 
Perfusion imaging allows for the evaluation of 
the functional consequences of both large-vessel 
and small-vessel vasospasm.

TCD provides a noninvasive, safe bedside 
modality for dynamic assessment and monitor-
ing of vasospasm. It has a high sensitivity and 
negative predictive value for predicting vaso-
spasm with high accuracy, thus making it ideal 
for monitoring; [73] however, it is highly depen-
dent on the operator and cranial bone window. 
Absolute values of TCD readings can be mis-
leading in the setting of systemic hemodynamic 
variations but the Lindegaard ratios (ratio of the 
velocity in the brain vessel of choice to the 
velocity in the ipsilateral extracranial internal 
carotid artery) have been shown to be helpful in 
following trends [74].

The treatment of DCI is complex, and these 
patients should be cared for in specialized, high- 
volume centers to maximize good outcome. Use 
of vasopressors to augment blood pressure is the 
cornerstone of therapy for DCI. Norepinephrine, 
dopamine, phenylephrine, and vasopressin- 
induced hypertension all have been demonstrated 
to significantly improve CBF and/or cerebral 
oxygenation, resulting in clinical improvement 
of the neurological deficit [75]. A starting sys-
tolic target ranging between 160 and 180 mmHg 
is usually selected, depending on the patient’s 
baseline blood pressure. Once therapy is insti-
tuted, absence of response in 30 min should trig-
ger an escalation of the BP target. Most centers 
use a maximal target range of around 120 mmHg 
for CPP, 140 mmHg for MAP, and 220 mmHg 
for SBP [75]. Regarding fluid management, 
current guidelines suggest that isotonic fluids 
should be used judiciously to correct hypovo-
lemia, with the ultimate goal of maintaining a 
euvolemic state while avoiding fluid overload 
[76]. Calcium channel blocker like nimodip-

ine is used for DCI prophylaxis and has class I 
evidence for decreasing the risk of poor func-
tional outcome; however, it does not decrease 
the frequency of angiographic vasospasm [77]. 
Possible mechanisms of action include reduction 
of angiographic vasospasm, increase in fibrino-
lytic activity, neuroprotection, and inhibition of 
cortical spreading ischemia.

When confronted with medically refractory 
DCI, endovascular therapy should be the next 
step. Endovascular therapy can be subdivided 
into mechanical dilation and intra-arterial infu-
sion of vasodilators. Percutaneous translumi-
nal balloon angioplasty (PTCA) is based on 
mechanical stretching and dilation of vasospas-
tic arteries; however, this technique is limited 
to proximal vessels. Intra-arterial vasodilators 
such as papaverine, nicardipine, verapamil, 
nimodipine, milrinone, amrinone, and fasudil 
have several advantages over PTCA like bet-
ter distal penetration, a more diffuse effect, and 
a better safety profile. Disadvantages include 
recurrent vasospasm due to the short-lasting 
effect of these agents, increased ICP secondary 
to vasodilation, and potential hypotension due 
to systemic effects [75].

Cardiac output augmentation using inotro-
pes is shown to improve brain perfusion after 
SAH.  Milrinone, a selective inhibitor of the 
phosphodiesterase III isoenzyme, provides 
more effective inotropy than dobutamine in the 
setting of neurogenic stunned myocardium, 
which is associated with beta-receptor desensi-
tization [78].
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Management of Patient 
Undergoing Carotid Stenting

Shilpa Rao

Stem Case Terminology
A 70-year-old female patient is referred to the 
preoperative clinic for symptoms of intermit-
tent right-sided weakness since 3–4  months; 
in addition, she also complains of intermittent 
blurry vision which resolves spontaneously. 
Significant past medical history includes 
placement of a drug-eluting stent (DES) 
for stenosis of her left main coronary artery 
1 year ago. The patient has been complianing 
with her dual antiplatelet therapy. Other past 
medical history includes hypertension on am-
lodipine, hyperlipidemia, and type 2 diabetes 
mellitus on insulin.

Physical examination: Alert, awake, and 
oriented, BMI 30 kg/m2.

Airway assessment: Mallampati-2, 
Thyromental distance >3 fingerbreadths.

Normal C-spine range of movement, nor-
mal dentition.

Preoperative laboratory work includes:
Complete blood count: normal limits.
Basic metabolic panel: within normal lim-

its except for serum creatinine 2.1 mg/dL.
Blood glucose: 170 mg/dL.
Type and screen is available.

Preoperative carotid ultrasound reveals 
>75% stenosis of the left internal carotid 
artery and > 50% stenosis of the right internal 
carotid artery.

She i;s now scheduled for the placement of 
a carotid stent.

Question 1:
Do you require any further preoperative testing 
of this patient prior to proceeding for surgery? 
Why?

Answer:
A detailed preoperative history, including assess-
ment of functional capacity of this patient, is 
important and vital as part of preoperative risk 
stratification. The questions are focused on her 
level of activity without shortness of breath, prior 
episodes of cardiac symptoms if any, glucose 
control, etc. Assessment of metabolic equivalents 
(METS) gives valuable information regarding the 
patient’s functional status.

This patient may require further cardiac testing 
due to her associated history of DES placement 
and the intermediate surgical risk factor. 
Optimization of preoperative cardiac risk factors is 
important prior to proceeding with carotid artery 
surgery due to increased incidence of  perioperative 
adverse cardiac events. Below is the risk stratifica-
tion for noncardiac surgical procedures.

Cardiac Risk∗ Stratification for Noncardiac 
Surgical Procedures [1]
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High risk (reported cardiac risk > 5%).
 Emergent major operations, particularly in 

older patients.
 Aortic and other major vascular surgeries.
 Peripheral vascular surgery.
 Anticipated prolonged surgical procedures 

associated with large fluid shifts, blood loss, or both.
Intermediate risk (reported cardiac 

risk > 1% but < 5%).
Carotid endarterectomy.
 Head and neck surgery.
 Intraperitoneal and intrathoracic surgery.
 Orthopedic surgery.
 Prostate surgery.
Low risk (reported cardiac risk < 1%).
 Endoscopic procedures.
 Superficial procedure.
 Cataract surgery.
 Breast surgery.
The Revised Cardiac Risk Index (RCRI) is a 

widely used index to assess the risk of major car-
diac complications in patients undergoing non-
cardiac surgery [2].

Independent Predictors of Major Cardiac 
Complications
 1. High-risk type of surgery (e.g., vascular sur-

gery, open intraperitoneal or intrathoracic 
procedures).

 2. History of ischemic heart disease.
 3. History of heart failure.
 4. History of cerebrovascular disease.
 5. Diabetes mellitus requiring treatment with 

insulin.
 6. Preoperative serum creatinine >2.0 mg/dL.

The risk of major cardiac complications (cardiac 
death, nonfatal myocardial infarction (MI), nonfatal 
cardiac arrest, postoperative cardiogenic pulmonary 
edema, complete heart block) varied according to 
the number of risk factors. The following combined 
rates of nonfatal MI, nonfatal cardiac arrest, and 
cardiac death were seen in various studies [3].

• No risk factors—0.4%.
• One risk factor—1%.
• Two risk factors—2.4%.
• Three or more risk factors—5.4%.

If the patient belongs to the intermediate-risk 
group, he or she should be managed aggressively 
with lipid-lowering agents and tight BP control. 
The class I recommendations are to continue 
perioperative beta blockers in patients who are 
already on beta blockers preoperatively. Much 
debate is ongoing concerning the use of noninva-
sive stress testing in this patient subgroup. In any 
case, there is little evidence supporting the use of 
revascularization before noncardiac surgery. The 
role of preoperative PCI in reducing untoward 
perioperative cardiac complications is uncertain 
given the available data. Performing PCI before 
noncardiac surgery should be limited to:

 1. Patients with left main coronary artery disease 
whose comorbidities preclude coronary artery 
bypass surgery without undue risk.

 2. Patients with unstable coronary artery disease 
who would be appropriate candidates for 
emergency or urgent revascularization [4].

Based on the above data, this patient may require 
a preoperative 12-lead ECG (if symptomatic) and/
or a noninvasive stress ECHO to assess her cardiac 
function prior to proceeding with surgery.

Question 2:
What are the indications of carotid artery 
surgery?

Answer:
Indications for Carotid artery surgery include any 
patient with symptomatic carotid artery stenosis 
in whom the surgery will improve the natural his-
tory of the disease as compared to medical 
management.

Indications of Carotid Endarterectomy: Carotid 
endarterectomy (CEA) should be considered 
for any patient with carotid artery stenosis in 
whom surgery will improve the natural history 
of the disease to a greater degree than the cor-
responding medical treatment would [5]. In 
symptomatic low-risk patients with surgical 
morbidity and mortality (stroke and death) of 
less than 6%, proven indications for CEA 
include the following:
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• One or more transient ischemic attacks (TIAs) 
in the preceding 6 months and carotid artery 
stenosis exceeding 50% [6].

The 2014 American Heart Association 
(AHA)/American Stroke Association (ASA) 
guidelines for the prevention of stroke in 
patients with stroke or TIA contained the fol-
lowing new or updated recommendations rel-
evant to CEA [7].

Carotid angioplasty and stenting (CAS) 
is indicated as an alternative to CEA for 
symptomatic patients at medium or low risk 
for complications associated with endovas-
cular intervention when the diameter of the 
lumen of the internal carotid artery is 
reduced by >70% by noninvasive imaging 
or > 50% by catheter-based imaging or non-
invasive imaging with corroboration and 
the anticipated rate of peri-procedural 
stroke or death is <6% (class IIa; evidence 
level B).

It is reasonable to consider the patient’s age 
in choosing between CAS and CEA; for 
patients older than about 70 years, CEA may 
be associated with improved outcome com-
pared to CAS, particularly when the arterial 
anatomy does not favor endovascular inter-
vention; for younger patients, CAS is equiva-
lent to CEA in terms of risk for periprocedural 
complications and long-term risk for ipsilat-
eral stroke (class IIa; evidence level B).

CAS and CEA in the above settings should 
be performed by operators with established 
periprocedural stroke and mortality rates of 
<6% for symptomatic patients (class I; evi-
dence level B).

• Routine, long-term follow-up imaging of the 
extracranial carotid circulation with carotid 
duplex ultrasonography is not recommended 
(class III; evidence level B).

There are relatively few contraindications 
for CEA, which include any associated acute 
life- threatening illness/condition which poses 
an imminent threat to life, or any other imme-
diate condition which requires prioritization 
in terms of surgery.

Carotid artery stenting is typically per-
formed in an angiography suite. These patients 

are “preloaded” with dual antiplatelet therapy 
(aspirin and clopidogrel, grade 1B evidence) 
prior to surgery [8].

Question 3:
What are the anesthetic techniques available for 
this type of surgery?

Answer:
An awake patient under monitored anesthesia 
care (MAC) is considered the gold standard to 
assess intact neurological status during the intra-
operative and perioperative period. This is 
accomplished by

 – Adequate preoperative preparation by dis-
cussing with the patient about staying awake 
during the surgery, with ability to follow sim-
ple commands (e.g., squeezing a ball by the 
tested hand).

 – Ensuring adequate anxiolysis and analgesia to 
ensure patient comfort. This may be ensured 
by titrated boluses of Inj. midazolam 1–2 mg, 
and Inj. fentanyl 50–100 μg at a time.

 – Additional infusions of Inj. dexmedetomidine 
at 0.3–0.5 μg/kg/h titrated to effect are effec-
tive in maintaining spontaneous ventilation as 
well as sedation throughout.

 – Standard ASA monitors are required at all 
times.

 – Femoral access/vascular access obtained 
under local anesthesia.

 – Backup general anesthesia equipment and 
resuscitation equipment immediately avail-
able at all times.

 – A trained anesthesia provider at all times.

However, not all patients are amenable/may 
tolerate this technique. Patients with high preop-
erative anxiety state and potential difficult airway 
obese patients with risk factors for sleep apnea 
may not tolerate sedation without airway obstruc-
tion. Hence a careful preoperative assessment is 
important prior to proceeding.

General anesthesia with endotracheal tube is 
preferred in patients who are not good candidates 
for MAC. The major advantage of general anes-
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thesia is the ability to control the patient’s airway 
and ensure absolute immobility during the intra-
operative period. The risks associated with gen-
eral anesthesia include hemodynamic instability 
during induction, laryngoscopy, intubation, and 
emergence, as well as reliance on indirect moni-
tors of neurological function, i.e., neuromonitor-
ing techniques which will be discussed later in 
this chapter.

Most available evidence suggests that the 
choice of anesthetic technique has no significant 
impact on major adverse primary outcomes (e.g., 
death and stroke) after CEA. However, the length 
of stay in the intensive care unit and hospital and 
certain adverse outcomes (e.g., hemodynamic 
instability, delirium) may be reduced in patients 
receiving local/regional anesthesia compared 
with general anesthesia, and some centers have 
reported a lower incidence of perioperative MI 
when local/regional anesthesia is selected [9, 10].

The GALA trial by Gough et al. in 2008 was a 
multicenter, randomized controlled trial which 
enrolled 3500 patients undergoing CEA from 90 
centers between 2001 and 2007. They compared 
general anesthetic versus local anesthesia tech-
nique for these patients. They concluded that 
there was no major difference in 30-day mortality 
in either groups and that the choice of anesthetic 
does not affect the perioperative outcome [11].

Question 4:
This patient is not consenting for MAC tech-
nique. You decide to proceed to general anesthe-
sia. How would you induce anesthesia in this 
patient?

Answer:
A non-consenting patient precludes the use of 
MAC type of anesthesia. Standard ASA monitors 
need to be used at all times. The period of induc-
tion and laryngoscopy/intubation is associated 
with significant hemodynamic changes which 
need to be minimized as much as possible. Any 
induction agent (e.g., Inj. propofol 2  mg/kg or 

Inj. etomidate 0.2  mg/kg) can be used. 
Hypotension needs to be avoided at all costs due 
to decreased cerebral perfusion and possibility of 
causing ischemic stroke. This can be achieved by 
slow titrated injections of the induction agent and 
associated use of vasopressors if needed (e.g., 
Inj. phenylephrine 50–100 μg bolus). The sympa-
thetic response to laryngoscopy and intubation 
can be minimized by additional narcotics such as 
Inj. fentanyl 50–100 μg or Inj. lidocaine 
50–100 mg, or beta blockers such as Inj. esmolol 
30  mg, Inj. labetalol 5–10  mg in increments, 
titrated to effect.

Question 5:
What additional lines would you like to place in 
this patient and why?

Answer:
Large bore intravenous access is of paramount 
importance in any carotid artery surgery. It is 
preferable to dedicate one intravenous line for 
infusions and the second line for bolus/transfu-
sions if necessary. An arterial catheter is required 
for continuous hemodynamic monitoring during 
the intraoperative period, as well as for labora-
tory draws. These may be continued in the post-
operative period as well.

A central venous catheter is usually not 
required unless the patient has poor peripheral 
venous access/long-term vasoactive infusions are 
planned.

Question 6:
You secure the airway and obtain the required 
vascular access. Surgery commences. What are 
the available neuromonitoring techniques you 
can use?

Answer:
Neuromonitoring is required for intraoperative 
assessment of neurological function under gen-
eral anesthesia. There are various available tech-
niques as described below [11].
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Neurological 
monitor Description Advantages Disadvantages
Awake testing Using simple tasks for the patient 

to perform to assess the signs for 
cerebral ischemia

Direct monitoring of 
neurological function

As stated above for 
performing CEA under 
regional anesthesia

Transcranial 
Doppler

A Doppler probe is placed on the 
petrous temporal bone allowing 
measurement of middle cerebral 
artery flow

Monitors both flow and 
emboli, used during 
intra- and postoperative 
period

 •  Operator-dependent
 •  Placement is near the 

surgical site
 •  Acoustic window not 

found in 10–20% of 
patients

Stump pressure The stump pressure distal to the 
carotid clamp reflects the 
perfusion pressure around the 
circle of Willis

Specific measure of 
cerebral ischemia

EEG EEG is affected by cerebral 
ischemia
Raw and processed (spectral 
array) data can be used

 •  Measurement only 
reflects cortical and not 
deeper structures

 •  Difficult to interpret
 •  GA can alter the signal
 •  Cannot identify emboli

Somatosensory 
evoked potentials

EEG is recorded after a stimulus, 
thus reflects the cortex and deeper 
structure activity

Maybe useful if the 
baseline EEG is abnormal

 •  GA can alter the signal.
 •  Thought to be no more 

sensitive or specific 
compared to EEG

 •  Cannot identify emboli
Near-infrared 
spectroscopy 
(NIRS)

NIRS measures arterial venous 
and capillary oxygenation 
producing a regional cerebral 
oxygenation (rSO2) value

High negative predictive 
value for cerebral 
ischemia

 •  Poor positive predictive 
value

 •  Frontal lobe sensors
 •  Interference from 

non-cerebral blood 
flow and light

 •  Cannot identify emboli

Inhalational agents and certain infusions (e.g., 
propofol infusion) affect the EEG signals and 
may interfere with accurate monitoring. Hence, if 
EEG monitoring is being used, a suggested tech-
nique is to maintain an intravenous infusion of 
Inj. dexmedetomidine 0.3–0.7 μg/kg/h, along 
with <0.5 MAC of sevoflurane and avoiding 
boluses of Inj. propofol or benzodiazepines, to 
facilitate EEG monitoring. The use of each of the 
above monitors or a combination of the above is 
operator and facility-dependent. When selecting 
an anesthetic technique, one should take into 
consideration their effect on monitoring (e.g., 

inhalational anesthetics increase latency and 
decrease the amplitude of SSEP in high concen-
trations. Propofol infusion titrated to burst sup-
pression will essentially abolish EEG signals. 
Dexmedetomidine generally has minimal effect 
on EEG monitoring).

Question 7:
Surgery proceeds uneventfully and the surgeon is 
now preparing for placement of carotid artery 
stent. What are the expected hemodynamic 
changes during this timeframe and how would 
you treat it?
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Answer:
Surgical manipulation/dilation of the carotid 
artery can potentially trigger the carotid sinus 
baroreceptor reflex. These receptors are stretch 
receptors, monitoring the changes of blood pres-
sure through the distension of the vessel wall. 
They are innervated by branches of IX and X cra-
nial nerves. Increased stretch is perceived as 
increased blood pressure, which activates the 
feedback circuit, involving the medullary nuclei 
such as nucleus tractus solitarii and caudal ven-
trolateral medulla. The afferent impulses acti-
vated by arterial BP pass by the NTS, CVLM, 
and RVLM, reach sympathetic preganglionic 
neurons leading to a decrease in sympathetic 
activity as well as an increase in parasympathetic 
activity, and complete the feedback circuit of the 
carotid baroreflex. This results in bradycardia, 
decreased cardiac contractility, and decreased 
peripheral vascular resistance [12]. These barore-
flex mechanisms play a significant role in the 
short-term regulation of blood pressure.

Anticipation of such an occurrence is impor-
tant, as well as adequate preparation is the key. 
The surgical stimulus needs to be stopped imme-
diately, and this usually results in abolition of the 
reflex. Additional medications which can be used 
include Inj. glycopyrrolate 0.2 mg, Inj. atropine 
0.2–0.4  mg, and Inj. epinephrine if required in 
unresolved situations. Rarely, transcutaneous 
pacing with/without Inj. epinephrine infusion 
may also be required if medical management 
fails.

Question 8:
You treat the reflex appropriately and the sur-
gery proceeds. However, neuromonitoring spe-

cialist informs that there is a mild diffuse 
slowing in the cerebral cortex. What is the dif-
ferential diagnosis and how would you approach 
this situation?

Answer:
Any change in the neuromonitoring signals dur-
ing the intraoperative period is critical and may 
indicate early/ongoing decreased cerebral perfu-
sion. Immediate recognition and treatment are 
important to prevent cerebral ischemia and neu-
rological deficits. Multiple factors can contribute 
to the diffuse slowing in the quality of EEG sig-
nals. These include anesthetic factors such as 
excessive anesthetic depth/hypothermia/exces-
sive hyperventilation/hypotension. These factors 
can be immediately recognized and treated 
appropriately.

The most concerning factor, however, is 
stroke. Stroke is the second most common cause 
of death following CEA. Stroke rates associated 
with CEA in large randomized trials are gener-
ally <3% for asymptomatic patients and  <  5% 
for symptomatic patients [13, 14]. The treatment 
involves ensuring adequate anesthetic depth and 
normothermia and possibly placing a shunt if the 
patient is not tolerating balloon occlusion of the 
carotid artery. In addition, hypotension should 
be aggressively treated as appropriate during the 
occlusion period to aid perfusion. One of the 
methods to treat this hypotension involves a fluid 
bolus if due to dehydration, and/or adding an 
infusion of Inj. phenylephrine titrated to effect, 
treating with bolus of Inj. ephedrine 5–10  mg 
titrated to effect. The goal is to maintain the 
patient’s blood pressure at or above the 
baseline.
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Imaging demonstrating successful placement of carotid 
stent. (a) Lateral angiogram demonstrating a greater than 
50% carotid stenosis. (b) Deployment of distal embolic 
protection device above the stenosis. (c) Stent deploy-
ment. (d) Post-stent balloon angioplasty. (e) Final result. 

(Photo Courtesy: Dr. Charles Matouk, Associate Professor 
of Neurosurgery; Chief, Neurovascular Surgery; Director, 
Neurovascular/Endovascular Fellowship, Yale School of 
Medicine, New Haven, CT)

Question 9:
What are the other potential intraoperative compli-
cations and how would you approach treating them?

Answer:
Apart from those mentioned above, there can be 
a few other potential intraoperative complica-
tions during placement of a carotid stent.

 – Major blood loss: due to vascular injury.
 – Carotid artery dissection: from the guidewire/

during the stent placement.
 – Myocardial ischemia: in major randomized 

trials, the periprocedural incidence of 
 myocardial infarction with CAS has ranged 
from 1 to 4%. Risk factors for myocardial 
infarction included older age, coronary heart 
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disease, peripheral artery disease, and carotid 
restenosis [15–17].

 – Hematoma at the site of vascular access: due 
to inadequate hemostasis, and the fact that the 
patient may have received heparin intraopera-
tively, in addition to preoperative dual anti-
platelet therapy.

 – An angiographic “slow-flow phenomenon,” 
appearing as reduced or absent anterograde 
flow in the internal carotid artery proximal to 
filter-type embolic protection devices (EPD), 
may be caused by occlusion of the filter mem-
brane pores by microemboli and debris. In a 
single-center case series of 453 carotid artery 
interventions using filter-type EPDs, slow 
flow occurred in 42 procedures (9%) [18]. 
E.mbolic protection devices are typically 
deployed following placement of the guide-
wire and sheath and are removed once the 
carotid artery stent has been deployed and 
expanded in the appropriate position.

 – Dislodgement of atherosclerotic emboli from 
aortic wall during catheterization.

Question 10:
Surgery is now completed. However, the patient 
is not waking up. What is your differential 
diagnosis?

Answer:
Multiple causative factors are considered in 
delayed emergence from anesthesia. In this par-
ticular situation, some of the causes may include

 – Residual anesthetic: residual inhalational 
agents/intravenous agents, excessive 
narcotics.

 – Electrolyte imbalances.
 – Hypoglycemia.
 – Stroke.
 – Intracranial hemorrhage.
 – Subclinical seizures.
 – Increased intracranial pressure.

Immediate recognition and treatment are 
important. Arterial blood gas analysis will aid in 
diagnosing electrolyte imbalances, glucose lev-
els, and acid-base status. If stroke/intracranial 
hemorrhage is suspected, an immediate com-

puted tomography (CT) scan of the brain is 
important in diagnosis. The patient may require 
postoperative intubation and mechanical ventila-
tion until the clinical scenario improves.

Question 11:
You treat appropriately, and the patient is now 
waking up. What are your strategies for minimiz-
ing hemodynamic changes during emergence?

Answer:
It is important to minimize the sympathetic 
responses during emergence and extubation. 
Commonly seen are tachycardia and hyperten-
sion, both of which are not desirable in this 
patient due to her underlying coronary artery dis-
ease, as well as her recent carotid surgery. In 
addition, coughing or bucking on the endotra-
cheal tube may disrupt the suture lines and hemo-
stasis at the femoral vascular access site and 
increase the chances of hematoma. Various strat-
egies can be employed to minimize this scenario. 
A bolus of Inj. lidocaine 1-–1.5 mg/kg or a bolus 
of any short-acting narcotic e.g., remifentanil can 
be used to facilitate a smooth wake up. Beta 
blockers e.g., esmolol can be used to treat the 
heart rate and blood pressure during emergence. 
Deep extubation may be considered; however, it 
is not desirable as it impedes immediate postop-
erative neurological examination.

Question 12:
What is cerebral hyperperfusion syndrome and 
how do you treat it?

Answer:
Cerebral hyperperfusion syndrome occurs as a 
result of hypertensive encephalopathy and is 
characterized by severe headache and various 
neurological deficits, the etiology of which is 
typically ischemia-reperfusion injury in the set-
ting of impaired autoregulation.

Postoperative reperfusion injury: Cerebral 
hyperperfusion syndrome (CHS) is an extreme 
form of cardiovascular instability which occurs 
in 1% of patients undergoing CEA, typically 
2–7  days after surgery. Patients usually present 
with a hypertensive encephalopathy, that is, 
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severe headache, variable neurological deficits, 
blurry vision, seizures, and marked hypertension. 
The etiology is probably an ischemia–reperfu-
sion injury with impaired cerebral autoregulation 
in areas of the brain which were previously 
under-perfused. CHS can lead to cerebral edema 
and cerebral hemorrhage [19]. Treatment of CHS 
include strict blood pressure control and treat-
ment of associated signs of increased intracranial 
pressure, if present.

Question 13:
What are the other postoperative complications 
you may encounter in this patient?

Answer:
Some of the other postoperative complications 
which may occur include wound hematoma, 
wound infection (appropriate timing of periop-
erative antibiotics is essential), re-exploration of 
the surgical site, contrast-related renal impair-
ment, etc. Myocardial ischemia can occur in the 
postoperative period as well. Inadequate BP 
control due to disrupted baroreceptor function 
may pose a challenge in the postoperative 
period.

Carotid stent thrombosis and restenosis: Acute 
and subacute in-stent thrombosis has been 
reported in up to 5% of patients following carotid 
artery stenting, some of these may be related to 
discontinued or inadequate dual antiplatelet ther-
apy [18]. Beyond 30 days, early restenosis after 
carotid revascularization is mainly due to neointi-
mal hyperplasia, which is related to vascular 
injury due to stent overdilation or imperfect posi-
tioning of the carotid stent, seen more often in 
women and in patients with poorly controlled 
diabetes or hyperlipidemia or with history of 
prior radiation [8].

Question 14:
How would you manage postoperative pain in 
this patient?

Answer:
Control of postoperative pain is important in 
this patient given her cardiac risk factors, it is 
important to avoid tachycardia and hyperten-
sion. Local anesthesia can be used initially at 

the site of femoral access. In addition, carefully 
titrated narcotics such as Inj. fentanyl 25–50 μg 
or Inj. hydromorphone 0.2–0.4  mg titrated to 
effect can be used. Nonopioid analgesics are 
beneficial in reducing narcotic requirement, 
e.g., Inj. acetaminophen 1000 mg. NSAIDs are 
typically avoided due to bleeding risk in the 
immediate postoperative period. Adequate tran-
sition to oral pain medications when patient is 
able will be useful for long-term control.

Question 15:
Does this patient require postoperative ICU? 
Why?

Answer:
With the complex nature of this type of surgery, 
as well as preexisting risk factors, it is advisable 
for this patient to be monitored in the intensive 
care unit (ICU). ICU admission also facilitates 
frequent neurological exams, as well as strict 
control of BP and other parameters.

Following the CAS procedure, we recom-
mend continuation of dual antiplatelet therapy 
with aspirin 325 mg daily and clopidogrel 75 mg 
once daily for at least 6 weeks (grade 1B). For 
patients with a history of neck irradiation, we 
suggest continuing these agents indefinitely 
(grade 2C). For all other patients, after CAS, we 
recommend continuing aspirin 325  mg daily 
indefinitely (grade 1B) [20].

Multiple Choice Questions
 1. What is the efferent limb of carotid sinus 

baroreceptor reflex?
 (a) Trigeminal nerve.
 (b) Vagus nerve.
 (c) Facial nerve.
 (d) Optic nerve.
Answer: b

Vagus nerve. The carotid sinus barorecep-
tor reflex starts with specialized neurons 
called baroreceptors. These are stretch recep-
tors located in the wall of the aortic arch and 
carotid sinus. Any manipulation or dilation of 
these receptors cause the reflex to be activated, 
sending signals to medullary nuclei, with the 
vagus nerve as one of the efferent limbs, caus-
ing bradycardia and hypotension.
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 2. Some of the potential intraoperative compli-
cations during carotid artery stenting include.
 (a) Carotid artery dissection.
 (b) Severe bradycardia.
 (c) Hematoma at femoral access site.
 (d) All of the above.
Answer: d

All of the above. Any of the above compli-
cations may be seen during carotid artery 
stenting. Constant vigilance and monitoring is 
essential for early diagnosis and treatment.

 3. Causes of delayed wake up after carotid sur-
gery include.
 (a) Residual anesthetic.
 (b) Cerebral hemorrhage.
 (c) Hypoglycemia.
 (d) All of the above.
Answer: d

All of the above. All of the above are poten-
tial causes of delayed emergence after carotid 
artery surgery.

 4. Two days after successful carotid artery stent-
ing, the patient complaints of headache and 
blurry vision. Heart rate is 90 b/m and BP is 
190/100 mmHg. What is the initial treatment 
of choice?
 (a) Labetalol.
 (b) Nitroglycerin.
 (c) Aspirin.
 (d) Morphine.
Answer: a

Labetalol. This patient is most likely expe-
riencing symptoms of cerebral hyperperfusion 
syndrome. Immediate recognition and timely 
treatment are important. Blood pressure con-
trol is the appropriate initial treatment. In this 
patient, titrated doses of Inj. labetalol are 
appropriate given the heart rate and blood 
pressure. Although morphine will help treat 
the pain, if any, the symptoms are due to cere-
bral hyperperfusion syndrome which needs to 
be addressed first.
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Management of Patient with Vein 
of Galen Malformation

Kiran Jangra, Sanket Agrawal, and Shiv Lal Soni

Stem Case Terminology
A 5-month-old female child brought to the 
emergency room with the history of failure to 
thrive, excessive sweating, and unable to take 
the breastfeed in single sitting. The patient is a 
preterm neonate delivered by cesarean section 
for fetal distress, with a birth weight of 1.5 kg.

Examination: The patient was lethargic with 
slowing of all movements. Heart rate—150/min, 
blood pressure—60/30 mmHg. On systemic exam-
ination, the child had a hyperdynamic precordium 
with a pansystolic murmur in the mitral area and 
hepatomegaly. Enlarged head size with bruit when 
auscultated through fontanel. Neurological exami-
nation revealed global delay in milestones.

Investigation: The blood investigations 
revealed a deranged coagulation profile with a 
raised activated partial thromboplastin time of 
57  seconds. Serum electrolytes were 
Na—143 mEq/L, K—4.0 mEq/L, and the arterial 
blood gas showed pH —7.1, PaCO2—39 mmHg, 
PO2—69  mmHg, H2CO3—26.1  mEq/L. Two-
dimensional transthoracic echocardiography 
demonstrated a severe pulmonary arterial hyper-
tension with an atrial septal defect with the right 

to left shunt, biventricular hypokinesia with ejec-
tion fraction of 30%.

Imaging: Computed tomography scan showed 
ventriculomegaly. Magnetic resonance angio-
gram confirmed a large vein of Galen malforma-
tion (VOGM).

Key Questions
 1. What is VOGM?
 2. What is the embryology of VOGM?
 3. What is the physiopathology of VOGM?

Case continued: The patient was intubated and 
shifted in the pediatric intensive care unit. 
Prognosis was explained and parents were coun-
seled. The plan was made to stabilize the medical 
condition of the child first followed by emer-
gency embolization. Certain investigations were 
done prior to the definitive intervention.

 4. How will you classify?
 5. What are the various clinical presentations of 

VOGMs?
 6. What are the diagnostic modalities?
 7. How will you plan the treatment?

Case continued: The child was posted for trans-
arterial embolization. Partial occlusion was done 
and symptoms of heart failure started improving 
and all the vasopressors were weaned off. Child 
was followed up by serial ultrasonography of 
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head and was called again at 8 months of age for 
redo embolization to achieve complete occlusion 
of the VOGM.  The child came back again at 
7 months with features of congestive heart failure. 
Prognosis was explained to the parents.

 8. What are the anesthetic concerns for a patient 
with VOGM?

 9. What special preparation will be required for 
the intraoperative care of this patient?

 10. What monitors would you apply intraopera-
tively for the procedure?

 11. What other intraoperative difficulties do you 
anticipate, and how will you manage them?

 12. What is the prognosis of the diseases?

29.1  Discussion

29.1.1  Vein of Galen Malformation 
(VOGM)

The vein of Galen (VOG) is also known as the 
great cerebral vein or great vein of Galen. It is 
a short trunk that is formed by the union of both 

the internal cerebral veins and basal vein of 
Rosenthal (Fig. 29.1). It lies in the quadrigemi-
nal cistern then it curves backward and upward 
around the splenium of the corpus callosum and 
finally drains into the confluence of inferior sag-
ittal and straight sinuses. In utero, it arises from 
the median prosencephalic vein of Markowski 
as a normal structure. Vein of Galen malforma-
tions (VOGMs) are the rare congenital abnor-
malities that are believed to comprise <1 of all 
intracranial and up to 30% of all pediatric vas-
cular malformations [1, 2]. VOGM is a misno-
mer, as it has been demonstrated that it 
represents the embryonic median prosence-
phalic vein rather than the vein of Galen. There 
is an aneurysmal dilatation of vein which may 
be fed by various abnormal arteriovenous con-
nections. In 1895, Steinheil referred these as 
Galenic malformation for the first time and 
denoted as a “varix aneurysm.” [3] Subsequently, 
these lesions are also known as the aneurysms 
or arteriovenous aneurysms of the vein of Galen, 
vein of Galen malformations/aneurysmal mal-
formations, and median prosencephalic arterio-
venous fistulas.

Superior sagittal sinus

Inferior sagittal sinus

Great cerebral
vein/vein of galen

Straight sinus

Confluence of sinuses/torcula

Transverse sinus

Internal cerebral
veins

Cavernous sinus

Superior and inferior
petrosal sinus

Basilar vein

Occipital sinus

Sigmoid sinus

Internal jugular vein

Fig. 29.1 Schematic illustration of cerebral venous 
drainage. Vein of Galen is the part of deep cerebral venous 
system which is formed by internal cerebral veins and 

basilar vein and finally drains into the confluence of infe-
rior sagittal and straight sinuses
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Pericallossal
Sagittal sinus Sagittal sinusa b

MPV

PCA
Torcula

FS

SSSS

AT

T

VOGM

T

Fig. 29.2 Schematic illustration of the development of a 
vein of Galen malformation (VOGM). (a) Showing nor-
mal anastomosis between the posterior branches of the 
pericallosal arteries and distal branches of the posterior 
cerebral arteries (PCA) during fetal life. (b) Showing 
VOGMs where anastomoses degenerate and end up in the 

enlarged and malformed median prosencephalic vein of 
Markowski (MPV). Associated venous malformations are 
stenosis, fenestration, duplication, or absence of straight 
sinus (SS), decrease or absence of torcula (T), and some-
times an aberrant presence of falcine sinus (FS) and an 
accessory torcula (AT)

29.1.2  Embryology

The VOGMs are believed to represent the persis-
tence of embryonic vascular arrangements particu-
lar to a developmental period. Hence, it becomes 
necessary to have sound knowledge embryology 
of the cerebral vasculature to understand the patho-
physiological features and unique architecture of 
vessels in VOGMs. Cerebral vasculature develops 
in three stages including extraembryonal supply 
(open neural tube, nurtured by the amniotic fluid), 
extrinsic vascularization (highly vascularized 
neural crest surrounding the neural tube form the 
network of arteries and veins), and intrinsic vas-
cularization (development of blood vessels within 
the cerebral parenchyma) [4, 5]. The normal vein 
of Galen originates from differentiation of arterio-
venous tangles of prosencephalic vessel group, the 
median prosencephalic vein, which makes the arte-
riovenous fistulous connections during embryonic 
life. The fistulous connections normally involute 
between the fifth and seventh weeks of develop-
ment, and later at around 3  months of develop-
mental age, it forms the vein of Galen [4]. In true 
vein of Galen malformation, these primitive arte-
riovenous connections persist where the median 

prosencephalic vein receives feeders from pros-
encephalic (anterior and middle cerebral, anterior 
and posterolateral choroidal arteries) and median 
prosencephalic (posteromedial choroidal, posterior 
thalamoperforating, quadrigeminal, and superior 
cerebellar) arteries [2, 5]. These high-flow con-
nection drain into the falcine sinus that connects to 
superior sagittal sinus, only during embryonic life 
(Fig. 29.2). Persistence of these fetal patterns inter-
feres with the development of other sinuses such 
as the straight sinus and explains various vascular 
anomalies that are associated with VOGMs.

29.1.3  Angioarchitecture of VOGMs 
[6–8]

Vein of Galen malformations are the midline 
structures, extending from the interventricular 
foramen to the choroidal fissure, and laterally to 
the atria. The following vessels contribute to the 
formation of VOGMs.

Arterial Feeders: Feeders are usually bilateral 
and symmetrical. Following arteries supply the 
VOGMs:
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 (a) Choroidal arteries: In most of the cases, all of 
the choroidal arteries feed the VOGMs.

 (b) Subependymal arterial network: It arises 
from the posterior portion of circle of Willis.

 (c) Thalamoperforators: These are the rare 
feeder.

Venous drainage: The embryonic venous 
drainage is persistent where the median vein of 
the prosencephalon (dilated vein is called as 
VOGM) drains through falcine sinus into the 
superior sagittal sinus or the posterior venous 
sinuses. These malformations interfere with the 
development of normal venous architecture and 
are associated with other venous abnormalities 
including:

 (a) The straight sinus is hypoplastic or absent in 
most of the patients.

 (b) Venous outlet obstruction may be present.
 (c) There is preferential drainage away from the 

deep cerebral venous system.

Because of these malformations, the deep 
brain structures drain into alternate venous path-
ways that typically include thalamic and subtem-
poral or lateral mesencephalic veins, which have 
an epsilon shape on lateral view angiogram.

29.2  Classification

Various classifications are described in the litera-
ture for VOGMs, including Litvak categories, 
Mortazavi, Lasjaunias, and Yaşargil types. These 
classifications and their clinical importance are 
tabulated in Table 29.1.

Litvak et al., in the 1960s, proposed the clas-
sification system for VOGMs for the first time 
[9]. They classified VOGMs in three categories 
based on the review of the literature, personal 
experiences, clinicopathological considerations, 
and amenability to surgery. Category A was 
termed as “Aneurysms of the great vein of Galen,” 

which included a singular dilation of VOG. It was 
continued with a dilated straight sinus and tor-
cula, and various anomalous branches of the 
anterior and posterior circulation were the major 
feeders. Category B was termed as “Racemose 
Conglomerations of blood vessels” deep in the 
cerebral structures with dilated deep venous 
structures and included a vermiform tangle of 
arteries and veins in the midline. The deep cere-
bral structures drain centripetally into dilated 
deep veins and sinuses. Category C was termed 
as “transitional types of midline arteriovenous 
shunts” and included singular dilations of vessels 
other than the VOG. This classification had lost 
its popularity after the newer classifications 
which are currently more commonly used [6, 10].

Another classification, by Mortazavi et  al., 
was based on arterial feeders, clinical features, 
and age [10]. A score of 0 includes any feeder 
other than P1–2 (posterior cerebral artery), thal-
amoperforators, choroidal and direct feeders 
from the basilar artery; absence of heart failure; 
and age ≥ 5 months. In the presence of feeders 
described above, the presence of heart failure, 
and age < 5 months, a score of 1 was given. The 
authors proposed that this classification will help 
in making an appropriate decision for the 
treatment.

Lasjaumas classified VOGMs as type 1 (cho-
roidal) and type 2 (mural) [5, 8]. This classifica-
tion is based on the concept that there are 
normally multiple capillary shunts in the early 
stages of development, and they disappear with 
development. If these shunts persist, then it 
results in vascular malformations. Type 1 is the 
most common and more complex form, where 
multiple feeding arteries enter the median pros-
encephalic vein from the anterior surface. These 
feeding arteries are arteries of anterior circula-
tion including bilateral anterior and posterior 
choroidal, anterior cerebral, thalamoperforating, 
and collicular or quadrigeminal arteries [4, 11]. 
Clinically, this type of VOGMs is the most severe 
form and frequently present as a high-output car-
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Table 29.1 Classifications of vein of Galen malformations

Classification Basis Categories Clinical Importance
Litvak  •   Review of literature

 •  Personal experiences
 •  Clinicopathological 

considerations
 •  Amenability to surgery

Category A: A singular dilation of 
VOG (aneurysms of the great vein of 
Galen)

 •  In comparison with category 
A, category B tends to 
become symptomatic at an 
older age and manifests with 
hemorrhage rather than 
hydrocephalus and cardiac 
failure

 •  Category B is probably true 
arteriovenous malformations 
(AVMs)

 •  A or C is probably dural 
AVFs

Category B: A vermiform tangle of 
arteries and veins in midline 
(racemose conglomerations of blood 
vessels)
Category C: Singular dilations of 
vessels other than the VOG 
(transitional types of midline 
arteriovenous shunts)

Mortazavi  •  Arterial feeders
 •  Clinical features
 •  Age

Score 0:
  •  Any feeder other than
    –  P1–2 (posterior cerebral 

artery)
    –  Thalamoperforators, choroidal
    –  Direct feeders from basilar 

artery
  •  Absence of heart failure
  •  Age of ≥5 months

 •  Score 0–1: Consider 
endovascular therapy

 •  Score 2: Consider 
endovascular but urgent treat 
in multiple stages

 •  Score of 3: Consider 
endovascular or palliative 
treatment and treated in 
multiple stages

Score 1:
  •  Presence of feeders from
    –  P1–2 (posterior cerebral 

artery)
   –  Thalamoperforators, 

choroidal
   –  Direct feeders from basilar 

artery
  •  Presence of heart failure
  •  Age < 5 months

Lasjaumas Persistence of embryonic 
vasculature

Type 1 (choroidal, most common):
Multiple feeding arteries enter the 
median prosencephalic vein from 
anterior surface

 •  Most severe form of the 
disease

 •  Causes high-output cardiac 
failure in the newborn

 •  Multiple high-flow fistulas
 •  Little outlet restriction

Type 2 (mural):
Either single or multiple fistulas enter 
through the inferolateral wall of the 
median prosencephalic vein

 •  Smaller number of fistulas
 •  More outflow obstruction
 •  Associated with
   –  More severe dilation of the 

median prosencephalic 
vein

   –  Manifest later in infancy as 
macrocephaly, 
hydrocephalus

   –  Failure to thrive
 •  Cardiac failure, if present, is 

mild
 •  Cardiomegaly may be 

asymptomatic

(continued)
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diac failure in the newborn due to the presence of 
several high-flow fistulas. In type 2, either single 
or multiple fistulas enter through the inferolat-
eral wall of the median prosencephalic vein and 
may be unilateral or bilateral. The feeding arter-
ies arise mainly from the collicular or quadri-
geminal and/or the posterior choroidal arteries. 
There are a lesser number of fistulas, but an 
obstruction in the outflow results in more severe 
enlargement of the median prosencephalic vein. 
Patients with these lesions commonly manifest 
during infancy as head enlargement, obstructive 
hydrocephalus, and failure to thrive. Due to the 
small number of fistulas, cardiac failure is rarely 
seen, and if present, it is of mild severity and 
usually asymptomatic [8].

Yasargil classified VOGMs into four catego-
ries based on the angiographic findings 

(Table 29.1) [12]. Type 1, 2, and 3 lesions involve 
direct fistulous communication with the vein of 
Galen and with no other proximal nidus. Type 4 
lesions represent parenchymal arteriovenous 
malformations (AVMs), which drain into the vein 
of Galen.

29.3  Pathophysiology

The presence of VOGMs not only affects a cere-
bral system but also has systemic effects. The 
most commonly affected system is the cardiac 
system due to increased shunting of blood in the 
fistulae. The cerebral system is usually affected 
by local mass effect and change in cerebrospinal 
fluid or blood flow dynamics. Figure 29.3 depicts 
the pathophysiology of VOGM.

Table 29.1 (continued)

Classification Basis Categories Clinical Importance
Yasargil Angioarchitecture Type I: Relatively few fistulous 

connection and feeders arise 
principally from the pericallosal 
(both anterior and posterior) or 
posterior cerebral arteries

 •  Yaşargil’s types I–III are 
comparable to Litvak’s type 
A

 •  Yaşargil’s types IVA–B to 
Litvak’s type B

 •  Yaşargil’s type IVC falls into 
Litvak’s category C

 •  Litvak and Yaşargil are 
important for considering 
open surgery

 •  Lasjaunias’s classification is 
important for endovascular 
management

 •  the internal cerebral veins 
remain invisible on 
angiograms in types I–III

 •  In type IV the internal 
cerebral and mesencephalic 
veins are dilated and 
synchronically filling with 
the dilated vein of Galen, the 
straight sinus, or the fetal 
parietooccipital vein on 
angiography

Type II: Multiple fistulous 
connections and feeders mainly arise 
from the thalamoperforators
Type III (true or choroidal type): 
Most common type. High-flow 
feeders that are combination of both 
type I and type II
Type IV (secondary type): 
Dilatation of the vein of Galen 
resulting from shunting from 
adjacent parenchymal AVM or dural 
AV fistula, or outlet obstruction
It has three subtypes
Type IVA: Aneurysmal dilation of 
the vein of Galen resulting from 
shunting from an adjacent thalamic 
AVM
Type IVB: Similar to type IVA but 
with the AVM being mesencephalic 
instead of thalamic
Type IVC: Thalamomesencephalic 
or mesodiencephalic plexiform 
malformation along with an adjacent 
and separate cisternal AVF to the 
vein of Galen
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29.3.1  Cardiac Manifestations

During intrauterine life, the heart is usually pro-
tected from the high venous return of VOGMs 
due to the presence of low-resistance placental 
circulation. Here, the left ventricle predomi-
nantly supplies the brain (fistula) while the right 
ventricle works in parallel to the left ventricle 
and supplies the placenta and the rest of the body 

[13]. Hence the workload is shared by two low- 
resistance systems, the cerebral and placental, 
and overall workload on the heart is not affected 
(Fig. 29.4a). After birth, the intracardiac shunts 
(foramen ovale and ductus arteriosus) are closed, 
and both the ventricles work in series. The high 
output from fistula is received by right ventricle 
that supplies the high-resistant circuit (pulmo-
nary vasculature), and this results in the increased 

Age of Presentation

Presentation

Neonates
Infants

Children <5 years
Children >5 years

Adults

Usually Single Fistula
Small Shunt
Outflow obstruction

Mild cardiac
symptoms

Small low flow Fistula
Small Shunt

Subependymal
atrophy
Pseudoventriculo
megaly
Calcification
(chronic venous
congestion)

Headache
Seizures
Developmental
delay
Focal
neurological
deficits

Obstructive
hydrocephalous

Increased cerebral
venous pressure

Macrocephaly

Tonsillar Herniation

Dural Venous thrombosis
(Sigmoid/Jugular bulb)

Infratentorial Pial reflux
and congestion

Supratentorial Pial reflux
Bony hypertrophy

Facial venous congestion
and epistaxis

Open intracardiac shunts
Leads to cyanosis

Hypoperfusion of normal
parenchyma causes
EncephalomalaciaHigh Venous Return

Cardiac overload

Left ventricular failure

Systemic hypoperfusion

Multiorgan Dysfunction

Coronary Ischemia

Increased
intraventricular

pressure

Low diastolic pressure in aorta
due to steal phenomenon due
to large shunt

Pulmonary artery
hypertension
Right Heart strain/Failure

Multiple AV Fistula
Large Shunt

Fig. 29.3 Pathophysiology of vein of Galen malformations. Larger shunt due to high-flow fistulas generally present at 
early age while low-flow fistulas may go undetected to late childhood or adulthood
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venous return to the left ventricle. Thus, the 
work of both the ventricles is increased leading 
to cardiomegaly and finally cardiac failure 
(Fig. 29.4b). There is a drastic increase in fistula 
blood flow after exclusion of the low-resistance 
placental circulation. Being a low-resistance cir-
cuit in the brain (large arteriovenous fistula), 
most of the left ventricular output is diverted to 
the brain (~80%), and it compromises the sys-
temic circulation. To compensate for this physi-
ological change, the cardiac output and blood 
volume are increased to maintain the systemic 
perfusion. The volume overload in right atrium 
causes opening of foramen ovale and ductus 
arteriosus. These shunts lead to the flowing of 
blood from right to left circulation and result in 
the cyanosis. The increased blood flow in the 
pulmonary circulation results in pulmonary 
artery hypertension. Large shunts reduce the dia-
stolic pressure of aorta that reduces coronary 
artery flow. Also, the ventricular intracavitary 
pressure is raised due to increased cardiac out-
put. Both of these factors may contribute to the 

reduction in subendocardial blood flow and 
compromise the myocardial perfusion [13–15]. 
Thus, various factors are responsible for the car-
diac failure in neonates/infants, and this failure 
is usually resistant to usual medical treatment.

29.3.2  Neurological Manifestations

Most of the neurological manifestations of 
VOGMs occur due to local mass effect and cere-
bral venous hypertension. As described in previ-
ous section, these malformations are associated 
with various other venous anomalies such as 
dysgenesis, stenosis, and occlusion of normal 
venous architecture. Venous occlusion distal to 
high-flow arterial feeders results in raised cere-
bral venous pressure. The arachnoid granula-
tions are also not fully developed in infants, and 
most of the  ventricular CSF is absorbed directly 
into the brain parenchyma across the ventricular 
ependyma which is subsequently drained 
through the medullary veins. The high venous 

a b
Return 
from 
VOGM

Return 
from 
VOGM

Return delivered 
to pulmonary 
arteryRA

RV

LV

LA

Pulmonary Artery

Ductus 
arteriosus

From placenta

SVC

Pulmonary Vein

IVC

CCA
SA

SA

Fig. 29.4 Cardiac physiology in patients with vein of 
Galen malformations. (a) Fetal circulation: Low resis-
tance of the placental circulation prevents high flow 
though the intracranial shunt. Both sides of heart work 
parallel to each other. (b) Early postnatal circulation: 
Cessation of placental flow suddenly increases the for-
ward flow within the intracranial shunt and across the pul-

monary vasculature and may result in congestive cardiac 
failure. Both sides of the heart work in series. Size of the 
arrowhead indicates volume of flow. Large arrowhead 
represents high flow and Small arrowhead represents low 
flow. Color of arrowheads indicates oxygen saturation. 
Red arrowhead represents high oxygen saturation and 
blue arrowhead represents low oxygen
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pressure, as found in VOGMs, is transmitted to 
the medullary veins that hamper the resorption 
of CSF, and this results in hydrocephalus and 
cerebral edema [16]. The hydrocephalus may 
also develop due to the aqueductal compression, 
but this is not very commonly seen [17, 18]. 
Chronic venous hypertension causes cerebral tis-
sue hypoxia and progressive cerebral parenchy-
mal damage that results in cognitive impairment, 
delayed milestones, and mental retardation [19]. 
In longstanding cases, pseudoventriculomegaly 
occurs secondary to parenchymal atrophy that 
mimics the hydrocephalous. Other consequences 
of cerebral venous hypertension include intrace-
rebral hemorrhage and seizures from cortical 
venous (pial) reflux. The venous outflow obstruc-
tion may divert the blood flow into the cavernous 
sinus, and that has communications with the 
extracranial venous system such as facial veins, 
basilar, and pterygoid plexus. This obstruction 
results in prominent facial venous channels and 
epistaxis [20].

There may be occlusion of various venous 
channels that are typically observed in transverse 
sinus, sigmoid sinus, and the jugular bulb. In 
such a situation, blood from posterior fossa is 
drained mainly by superior and inferior petrosal 
sinuses. If cavernous sinus is also underdevel-
oped, then there may occur severe venous con-
gestion in posterior fossa that leads to tonsillar 
herniation.

29.4  Clinical Presentation

The clinical classification system given by Gold 
et al. in 1964 categorizes the clinical presentation 
and pathophysiology in three age groups of 
patients including neonates, infants and children, 
and older children and adults [21].

29.4.1  Neonates

The patients with multiple fistulas and a more 
severe form of VOGMs usually present immedi-
ately after birth and develop high-output con-

gestive cardiac failure. The clinical features 
depend upon the severity of disease and charac-
teristics of the lesion such as the size of the 
shunt, venous drainage, arterial feeders, and the 
patient’s response. The cardiac symptoms may 
vary from mild asymptomatic cardiomegaly to 
severe cardiac failure. Due to the higher venous 
return in the right atrium, its pressure rises 
above the left atrium pressure, resulting in the 
opening of the foramen of ovale or ductus arte-
riosus and right to left shunt. These shunts lead 
to the cyanosis that may be mistaken as congen-
ital cyanotic heart disease [22].

The myocardial workload is raised in an 
attempt to increase cardiac output to maintain sys-
temic flow as most of the cardiac out passes 
through low-resistance fistulas. These fistulas 
decrease the diastolic aortic flow that compro-
mises the coronary blood supply. Also, there is 
increased ventricular chamber pressure due to 
higher blood volume returning to the heart. These 
factors lead to subendocardial ischemia that can be 
detected on electrocardiography [23, 24]. These 
patients may develop multiorgan failure including 
renal and hepatic failure due to low systemic per-
fusion pressure. Such failure is usually refractory 
to the medical management and responds only to 
the prompt reduction in shunt size.

29.5  Infants and Children

Infants and children may have a single fistula, 
and so cardiac manifestations are usually very 
mild or may be absent due to the smaller shunt. 
These patients commonly develop hydrocephalus 
and macrocephaly because of obstructed venous 
drainage leading to cerebral venous hyperten-
sion. As fontanelles are open in this age group, 
any lesion that increases intracranial pressure 
will lead to enlargement of the head size. 
Longstanding cerebral venous hypertension may 
lead to a delay in developmental milestones. 
Systemic and cerebral venous congestion lead to 
cardiac decompensation and hypothalamic and 
hypophyseal dysfunction that may cause failure 
to thrive [25].
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29.6  Older Children and Adults

Low-flow fistulae may remain asymptomatic until 
late children and even adulthood. As cranium is 
closed, these patients may present with features of 
raised intracranial pressure including headache 
and seizures (secondary to parenchymal calcifica-
tions). These patients may also develop delay in 
the development, focal neurological deficits, pro-
ptosis, and epistaxis. Rerouting of blood into the 
pial veins leads to subarachnoid or intracerebral 
hemorrhage in this age group of patients [12].

29.7  Imaging

Imaging is needed to understand the anatomical 
and dynamic characteristics of VOGMs. The com-
monly used imaging techniques are transcranial 
Doppler ultrasonography, computed tomography 
(CT), and magnetic resonance imaging (MRI).

VOGMs can be detected by prenatal ultra-
sound during the third trimester of pregnancy 
[26–29]. Prenatal ultrasonography can also 
assess the fetal cardiovascular system [30]. 
Once discovered in antenatal period, these 
patients should be referred to higher centers for 
the delivery as early intervention of VOGMs 
can optimize the myocardial functioning and 
have a better neurological outcome. For the 
definitive management of VOGMs, an accurate 
and complete imaging of angioarchitecture is 
required to locate the fistula. Various imaging 
techniques include contrast- enhanced CT and 
MRI, magnetic resonance angiography (MRA), 
and digital subtraction cerebral angiography 
(DSA, gold standard modality). The role of 
imaging modalities is to noninvasively identify 
the number and sites of arteriovenous fistulae, 
the presence of thrombosis, other sinus abnor-
malities, and venous drainage of fistula. The use 
of DSA helps in the reduction of total contrast 
load during angiography and intervention can 
be planned in the same sitting to avoid multiple 
anesthesia exposures in neonates with cardiac 
failure [31, 32]. The multiplanar MRI is more 
sensitive over other noninvasive modalities such 
as CT angiography and MRA in demarcating 
even small feeders, the dynamic aspects of the 

venous drainage, and hemodynamic relation-
ships of the arteriovenous shunt venous out-
flow and to plan for endovascular treatment 
[31]. Transcranial Doppler and CT or MRI are 
routinely used in older children and adults for 
follow-up of VOGMs.

29.7.1  Plain Radiograph

Pain X-ray is not being used commonly for the 
management. It may show calcified aneurysmal 
sac wall in nearly half of the thrombosed and 
14% of the non-thrombosed aneurysm. Chest 
X-ray shows cardiomegaly and signs of conges-
tive heart failure.

29.7.2  Ultrasound

This modality is useful during both the antena-
tal and postnatal periods. The VOGMs can be 
diagnosed during the antenatal period by the 
use of abdominal ultrasound in the third trimes-
ter. In addition to arteriovenous abnormalities, 
other complications such as hydrocephalus and 
cardiac dysfunction can also be detected on 
antenatal ultrasonography [26–30]. During the 
postnatal period, ultrasonography through open 
fontanel can help in confirming the diagnosis, 
and the use of Doppler ultrasonography helps 
in identifying the hemodynamic changes asso-
ciated with the malformation (Fig.  29.5a,b) 
[33]. It is a useful and noninvasive modality for 
follow-up of patients with open fontanelles.

29.7.3  Computed Tomography (CT)

VOGMs appear as intensely enhancing lesion 
located in the midline in the cisterns on contrast- 
enhanced CT scan of the brain (Fig.  29.6a). 
Contrast CT delineates the angioarchitecture and 
parenchymal collateral veins. With CT scan, we 
can also detect hydrocephalous (Fig. 29.6b), peri-
ventricular white matter hypodensities, diffuse 
cerebral atrophy, diffuse chronic ischemic 
changes, parenchymal calcifications, focal paren-
chymal infarcts, and the brain stem compression 
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[5, 19]. The thrombosis within the aneurysmal 
sac appears as mixed hypodense, isodense, and 
hyperdense areas due to variable maturation 
stage of the clot. Central thrombus with periph-
eral circulating blood makes the “Target Sign” on 
contrast CT scan [32]. There may be peripheral 
calcification seen as a crescentic rim of hyper-
densities which is a poor prognostic sign.

29.7.4  Magnetic Resonance Imaging 
(MRI)

MRI (Fig.  29.7a) and MR angiography 
(Fig. 29.7b–d) are gaining popularity for identi-
fying the location of fistula, the presence of nidus, 
complete angioarchitecture (arterial feeders, 
venous sac, and venous drainage), and associated 

a b

Fig. 29.5 (a) Schematic illustration of ultrasound (USG) through open fotanelle. (b) Scalp USG Doppler showing 
pulsatile blood flow in the vein of Galen malformation

a b

Fig. 29.6 Computed tomography (CT) head axial section. (a) Contrast CT showing midline hyperdense space occupy-
ing lesion. (b) Plain CT head showing ventriculomegaly
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a b

c d

e

Fig. 29.7 Magnetic resonance imaging of brain. (a) 
T2-weighted image axial section showing hypointense 
lesion (VOGM, as shown by arrow). (b) MR angiography 

sagittal view. (c) MR angiography axial view. (d) Venous 
drainage of VOGM. (e) Three-dimensional reconstruction 
of MRA showing complete angioarchitecture of VOGM
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venous abnormalities. The cerebral parenchymal 
changes are better appreciated on MRI.

29.7.5  Digital Subtraction 
Angiography

Angiography is the gold standard modality for 
the evaluation of VOGMs. It is considered to be 
superior to the other noninvasive modalities such 
as CT and MR angiography in recognizing small 
feeders, the dynamic aspects of the venous drain-
age, and hemodynamics of venous drainage 
VOGMs (Fig. 29.8).

29.8  Treatment Options

If untreated, VOGMs with large shunts have a 
very grave prognosis [34, 35]. The mortality is 
very high due to congestive cardiac failure in the 
patients who present during the neonatal period. 
So, it is essential that cardiac failure should be 
managed rapidly and aggressively. Any interven-
tion should be delayed until the child is opti-
mized. In a few cases, where shunt size is huge 
and heart failure is refractory to the medical man-
agement, an emergency embolization of the mal-
formation may be attempted to reduce the shunt 
size [35]. Even after good emergency emboliza-
tion, the neurological outcome may be disastrous 

in patients with encephalomalacia, severe brain 
damage, or severe parenchymal loss.

Various options are available for the manage-
ment of VOGMs including surgery, embolization 
(transarterial, transvenous, and transtorcular) and 
gamma knife therapy.

29.8.1  Surgery

Before the advent of embolization, microsurgical 
ligation of feeder and draining veins played some 
role in the management of VOGMs. Microsurgery 
provides an immediate cure, but it is technically 
difficult to perform and is less effective for treat-
ing complex VOGMs. Nowadays surgery is just 
an adjuvant to the embolization to treat the resid-
ual lesion. Surgery is poorly tolerated and is asso-
ciated with very high mortality in neonates and 
patients with multiorgan dysfunction [17–19]. 
Even with advancement in technology, the com-
plete elimination of the lesion by microsurgery 
is rarely achieved and is associated with severe 
complications including mortality [35–37].

29.8.2  Endovascular Embolization

Currently, endovascular treatment is considered 
as the treatment of choice for VOGM. The goal of 
treatment varies as per the age and clinical symp-
toms of the patients. In small neonates with con-
gestive heart failure refractory to the treatment, 
the goal is to arrest or improve the heart failure by 
decreasing the shunt size and volume load to the 
heart. In this group of patients, even partial occlu-
sion by emergency embolization is acceptable 
[38]. In neonates with compensated cardiac fail-
ure, the decision of treatment should be balanced 
between safe embolization (after the age of 
5 months) and the risk of cerebral parenchymal 
damage. In stable children without features of 
cardiac failure, the goal of endovascular therapy is 
to prevent complications secondary to chronic 
cerebral venous hypertension and to stimulate the 
normal cerebral development [39]. In large lesion, 
the procedure should be performed in a staged 
manner to minimize complications.

Fig. 29.8 Digital subtraction angiography showing com-
plete angioarchitecture of VOGM
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Lasjaunias et  al. introduced a 21-point 
“Bicêtre neonatal evaluation score” to guide 
the treatment options that were based on the 
functioning of various major organ systems 
including cardiac, cerebral, hepatic, respira-
tory, and renal (Table  29.2) [8]. The neonates 
with a score of <8 usually carry a poor progno-
sis, and further treatment is not indicated. 
Whereas a score of 8–12 warrants an emer-
gency endovascular management. Neonates 
having a score of >12 are well-preserved, and 
the medical management should be continued 
till the age of 5 months before an endovascular 
procedure.

There are three major routes of embolization 
including transarterial, transvenous, and transtor-
cular, and the choice of technique depends upon 
angioarchitecture of VOGMs [40].

The transarterial technique is employed 
where angiogram shows that feeding arteries are 
accessible and having sufficient caliber to nego-
tiate the microcatheters. In this technique, the 
arterial feeders are approached through the 
umbilical artery or femoral artery to occlude of 

the fistula. Super-selective microcatheters are 
placed beyond the origin of any normal vessel. 
Currently, two embolization materials are being 
used including N-butyl-cyanoacrylate (NBCA) 
and Onyx liquid (ethylene vinyl alcohol in 
dimethyl sulfoxide solvent and tantalum pow-
der). Postprocedural angiography is done to see 
the extent of shunt reduction [41]. Patients can 
also be later followed up by transcranial Doppler 
USG if fontanels are open.

The transvenous route is particularly useful 
where the caliber of feeding arteries is not suffi-
cient to negotiate the microcatheter or if the shunt 
is having extremely high flow (to avoid migration 
of the embolic material). Occasionally it may be 
required to use both techniques (transarterial and 
transvenous) as occlusion of feeding arteries 
decreases the pressure gradient and flow through 
the fistula. The fistula veins are approached 
through the internal jugular vein, femoral vein, or 
direct torcula puncture. The sac is approached 
through the various structures including sigmoid 
sinus, transverse sinus, torcula, and straight sinus. 
If sigmoid sinuses are thrombosed, then it may be 

Table 29.2 Bicêtre neonatal evaluation scorea

Points Cardiac function Cerebral function Respiratory function Hepatic function
Renal 
function

5 Normal Normal Normal – –
4 •  Overload

•  No medical 
treatment

•  Subclinical
•  Isolated EEG 

abnormalities

•  Tachypnea
•  Finishes bottle

– –

3 •  Failure
•  Stable with 

medical 
treatment

•  Nonconvulsive 
intermittent 
neurologic signs

•  Tachypnea
•  Does not finish 

bottle

•  No hepatomegaly
•  Normal hepatic 

function

Normal

2 •  Failure
•  Not stable with 

medical 
treatment

•  Isolated convulsion •  Assisted 
ventilation

•  Normal saturation 
FIO2 25%

•  Hepatomegaly
•  Normal hepatic 

function

Transient 
anuria

1 Ventilation 
necessary

Seizures •  Assisted 
ventilation

•  Normal saturation 
FIO2 25%

Moderate or transient 
hepatic insufficiency

Unstable 
diuresis 
with 
treatment

0 Resistant to 
medical therapy

Permanent neurological 
signs

•  Assisted 
ventilation

•  Desaturation

•  Abnormal 
coagulation

•  Elevated enzymes

Anuria

Maximal score = 5 (cardiac), 5 (cerebral), 5 (respiratory), 3 (hepatic), 3 (renal) = 21
Reprinted after permission from Lasjaunias P et al. The Management of Vein of Galen Aneurysmal Malformations. 
Neurosurgery 2006;59:(S3)184–194
aEEG electroencephalogram; FIO2 fractional inspired oxygen

K. Jangra et al.



417

approached through a persistent suboccipital and 
straight sinus. The sac is filled with pushable 
micro coils or Guglielmi detachable coils (GDC) 
initially followed by a mixture of NBCA and 
lipidol. The scaffold of coils is placed to prevent 
migration of embolic materials. After achieving 
the substantial reduction of flow, an arterial route 
is used for staged embolization. The normal cere-
bral veins should not be connected directly to the 
sac, as in such scenario, transvenous route may 
lead to cerebral venous hypertension that results 
in immediate or delayed hemorrhagic complica-
tions [42–44].

In transtorcular route, varix is approached 
through the occipital bone over the torcula where 
occipital bone is penetrated with a large bore 
needle to reach the varix. This approach is used 
for embolization of high-flow choroidal malfor-
mations which are not accessible through the 
femoral route [38].

29.8.2.1  Complications 
of Embolization [8, 45, 46]

After the complete or near-complete occlusion 
of large arteriovenous fistulas, normal perfu-
sion pressure breakthrough, a potentially lethal 
complication, occurs where cerebral edema and 
hemorrhages develop even when the perfusion 
pressure was kept within normal limits [45]. 
The hypothesis behind this complication is that 
as arteriovenous fistula is a low-resistance cir-
cuit, hence the majority of cerebral blood flow 
is delivered to the fistula while rest of the brain 
develops a state of chronic low perfusion. To 
compensate for reduced blood supply, blood 
vessels in rest of the brain are chronically vaso-
dilated. When the large fistula is closed com-
pletely in one stage and blood flow restored, the 
dilated blood vessels of the normal brain cannot 
constrict at the same time and breakthrough 
occurs. Another potentially fatal complication 
is intracerebral hemorrhage secondary to 
venous hypertension [45]. These complications 
are largely avoidable by doing embolization in 
stages.

Other complications inherent to the endovas-
cular procedures include wire perforation of the 
venous sac during coil embolization, pulmonary 

embolization, and ischemic neurological deficits 
due to the migration of embolization material. 
Various complications and their management are 
described in Table 29.3.

29.8.3  Gamma Knife Treatment

Gamma knife surgery is done by using gamma 
radiation that hit a particular target area in the 
brain from different directions. It acts by depolar-
izing the cell that leads to cell death. This is a 
slow process, so no immediate reduction is 
achieved in arteriovenous shunting, and hence, it 
is not an option for patients who need emergency 
surgery [47]. This technique is relatively safe, 
and the results in the form of cure of the lesion 
are comparable to microsurgery in simple mal-
formations. The major disadvantage is the 
absence of instant benefit from the treatment. The 
slow occlusion of the malformation has an advan-
tage that it provides time for normalization of the 
cerebral hemodynamics before the complete 
obliteration of VOGM, and hence, the complica-
tions, such as normal perfusion pressure break-
through, are not observed [47]. The literature on 

Table 29.3 Complications of neurointerventions for 
Vein of Galen malformations

 1.  Local site: Femoral hematoma or bleeding; 
ensure immobility till complete hemostasis is 
achieved

 2. Vascular complication:
    Thrombotic: Thrombosis of normal vessels leads to 

cerebral venous hypertension, venous infarcts, 
hemorrhage, herniation; increase perfusion by 
increasing systemic blood pressure

    Hemorrhagic: Wire perforation of vessels leads to 
massive intracranial hemorrhage; reverse heparin, 
manage hemodynamics (decrease blood pressure), 
and decrease ICP (maintain cerebral perfusion 
pressure/head up/hyperventilation/mannitol/burr 
hole evacuation in radiology suite)

 3. Contrast-related complications:
    Contrast reaction: Mild hypotension to 

anaphylaxis; managed as anaphylaxis guidelines 
(100% oxygen, remove the offender/rush fluids/
antihistaminics/steroids/adrenaline)

    Contrast overload: Diuresis leading to 
dehydration, osmotic nephrosis; closely monitor 
the hydration
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the use of Gamma knife treatment for VGAM is 
sparse. Most of the case reports and case series 
have shown it to be complimentary to the com-
plex lesion and may be used as a sole modality 
for very small fistulas [48, 49]. Gamma knife sur-
gery should be kept an option for treating VOGMs 
in medically stable patients. This therapy is used 
for partially treated malformations by other 
modalities to achieve complete obliteration with-
out any increased incidence of mortality or mor-
bidity [10, 50].

A multimodal approach is needed to manage 
the unusual vascular malformation. The manage-
ment for symptomatic newborn and infants 
includes the combinations of medical and endo-
vascular therapy. For the relatively stable patients, 
microsurgery may be considered where the lesion 
could not be treated completely using the endo-
vascular technique. Endovascular therapy is the 
most widely accepted treatment of choice to 
reduce the shunt as much as possible before sur-
gery or completely occlude the lesion. In medi-
cally and neurologically stable patients, gamma 
surgery offers more appropriate therapy for the 
cure with a lesser risk of complications.

29.9  Preoperative Optimization 
and Anesthetic Challenges 
for a Patient with VOGM

The major anesthetic challenges include the pedi-
atric patient, having poor reserves and disease 
pathophysiology (associated multiorgan failure, 
hydrocephalus). In addition, the endovascular 
treatment has its inherent problems including 
remote location (non-operating room anesthesia), 
radiation hazard, contrast reaction, hemodynamic 
manipulations, and identifying and managing the 
complications. A detailed preoperative assess-
ment and optimization are required before defini-
tive intervention.

Electrocardiography, echocardiography, and 
lab tests are essential to manage the patients 
with VOGMs. Echocardiography may demon-
strate biventricular failure and patent foramen 
ovale or other intracardiac shunts. Flow reversal 
may occur in the aorta during diastole, indicat-

ing “steal phenomenon” due to diversion of 
cardiac output to the low-resistance intracranial 
shunt. Electrocardiography may show the signs 
of ischemia due to low coronary perfusion and 
elevated intraventricular pressure. Lab test must 
include evaluation of kidney (serum electrolytes/
urea/creatinine) and liver functions (hepatic 
enzymes/bilirubin/coagulations studies) [48]. 
Neuroimaging studies should be performed to 
assess the parenchymal damage [51].

The immediate goal of the management is to 
optimize/support cardiac function and maintain 
cerebral perfusion. In patients with high pulmo-
nary artery pressure, inhaled nitric oxide may be 
helpful in reducing RV workload [52]. In patients 
having LV dysfunction, vasoactive medications 
such as dopamine, dobutamine, or milrinone are 
required to maintain the systemic perfusion. The 
patients should be optimized as much as possible 
prior to the embolization, but if emergency embo-
lization is planned in patients with refractory 
congestive cardiac failure, medical management 
should be continued during the endovascular 
therapy [53, 54]. Inhaled NO and vasopressor 
should be continued perioperatively.

During endovascular treatment, general anes-
thesia with muscle relaxation and endotracheal 
intubation is required to prevent catheter-related 
complications. Due to poor cardiac reserve, 
these patients poorly tolerate the inhalational 
anesthetic agents. Hence, the dose of anesthetic 
agents should be closely titrated. In addition to 
routine intraoperative monitoring, arterial line 
should be secured for beat-to-beat monitoring 
of blood pressure. A separate arterial line should 
be secured for the monitoring as the caliber of 
arterial access inserted for the procedure is very 
small and may not be useful for monitoring. With 
the hands of experienced neuroradiologist, the 
blood loss is minimal. The major concern here 
is a large amount of heparinized fluid used for 
flushing the microcatheters [55]. Excessive fluid 
administration tends to aggravate cardiac failure, 
while fluid restriction may cause sudden cardio-
vascular collapse. Another important factor is 
the volume of contrast injected in the neonate 
which can invariably produce osmotic diuresis 
and cause an imbalance in the hydration [56]. 
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In older children, the anesthetic plan is more 
straightforward as they may be more stable. Most 
of the children are usually extubated postproce-
dure, but patients should remain calm to achieve 
femoral artery hemostasis. Postanesthetic apnea 
is commonly seen in premature neonates till 
48–60 postgestational weeks, and there are vari-
ous potential risk factors for postoperative apnea 
in these patients including anemia, infection, 
central nervous system pathology, and other 
comorbidities [57]. Patients may require antico-
agulation to prevent thrombotic complications.

29.10  Prognosis

The outcome of patients with untreated VOGMs 
is grave with approximately 45–100% mortality 
based on the age of presentation and severity of 
symptoms. The neurological outcome may also 
be poor in patients with large fistula even after sat-
isfactory treatment due to the parenchymal dam-
age [51]. Historically, surgical isolation of fistula 
was carrying a very high mortality. Endovascular 
embolization has revolutionized the treatment of 
VOGMs. Both cognitive and functional outcomes 
are quite good after timely endovascular thera-
pies. The most important parameter governing the 
outcome is the selection of appropriate patients 
and preoperative optimization. The neonates who 
present at birth with congestive cardiac failure 
and mutiorgan dysfunction are at high risk for 
mortality and develop neurological deficits if they 
survive. The patients without associated systemic 
problems tend to have a good neurological out-
come in approximately 75% of cases [58, 59].

Multiple Choice Questions
 1. A newborn presents with congestive heart fail-

ure, on examination has bulging anterior fon-
tanellae with a bruit on auscultation. 
Transfontanellar USG shows a hypoechoic 
midline mass with dilated ventricles. Most 
likely diagnosis is
 (a) Encephalocele
 (b) Arachnoid Cyst
 (c) Vein of Galen Malformation
 (d) Aneurysm

Answer: c
Vein of Galen malformation is character-

ised by high flow arterio-venous connections 
that contribute to higher venous return to the 
right heart resulting in congestive cardiac fail-
ure. Bruit occurs due to high flow through the 
fistula. It is associated to obstruction to venous 
drainage and/or compression of cerebral aque-
duct that causes dilated ventricles. 
Encephalocele is a type of neural tube defect 
that presents as sac-like protrusions of the 
brain and the meninges through the openings 
in the skull. Arachnoid cyst and aneurysm do 
not present with failure.

 2. Which of the following statement is true 
regarding vein of Galen malformation?
 (a) The vein of Galen is also known as the 

great cerebral vein
 (b) Vein of Galen malformations are formed 

by abnormal dilation of normal arterial 
system

 (c) In most of the cases there are acquired 
malformations

 (d) Most of cases presenting in neonatal 
period are having good prognosis

Answer: a
The vein of Galen is also known as the 

great cerebral vein or great vein of Galen. Vein 
of Galen malformations are the rare congeni-
tal abnormalities. These malformations repre-
sent the persistent embryonic median 
prosencephalic vein rather than the vein of 
Galen. There is an aneurysmal dilatation of 
vein which may be fed by various abnormal 
arteriovenous connections. Most severe types 
present at birth and are associated with the 
worst prognosis.

 3. The following cardiovascular changes are 
seen in VOGMs, except
 (a) Congestive heart failure
 (b) Systemic Hypertension
 (c) Myocardial Ischemia
 (d) Opening of foramen Ovale
Answer: b

VOGMs with large fistulous connections 
forms a low resistant circuit that receives major-
ity of cardiac output. This high flow when 
returns back to heart, it increases right atrial 
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pressure more than left atrium and results in 
opening of foramen ovale and heart failure. The 
myocardial workload increases and systemic 
flow decreases due to diversion of flow to the 
VOGM that results in myocardial ischemia.

 4. Which of the following statement is not true 
regarding treatment of VOGMs?
 (a) The patients with larges fistulous VOGMs 

if not treated patient may die mostly due 
to congestive heart failure

 (b) Microsurgical ligation of feeder and 
draining veins plays an important role in 
the management of VOGMs

 (c) Endovascular embolization is treatment 
of choice now-a-days

 (d) Normal perfusion pressure break-through 
is usually not observed after Gamma-
Knife surgery

Answer: b
VOGMs with large shunts leads to cardiac 

failure to due high output that is leading cause 
of mortality, if untreated. Microsurgical liga-
tion of feeder and draining veins played some 
role in the management of VOGMs before the 
advent of embolization. Surgery was associated 
with high intraoperative mortality due to exces-
sive bleeding. Currently, endovascular treat-
ment is considered as the treatment of choice 
for VOGM. Gamma knife surgery causes slow 
occlusion of the malformation and provides 
time for normalization of the cerebral hemody-
namics before the complete obliteration of 
VOGM, and hence, normal perfusion pressure 
breakthrough is usually not observed.
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Stem Case Terminology
A 29-year-old primipara woman (162  cm, 
78  kg) at 36-week gestation was admitted 
from the ER with the complaint of severe 
headache localized to the left frontal area for 
3  months, accompanied by nausea/vomiting 
of 1 week duration.

Her past medical history was unremark-
able.

Physical examination revealed mild apathy 
and bilateral grade 1 papilledema.

Laboratory examination results were with-
in normal range.

Cranial MRI revealed a large intracranial 
mass (6 × 7 cm in diameter) with peripheral 
edema in frontoparietal location, causing left- 
to- right midline shift.

Question 1:
What is the differential diagnosis of headache in 
pregnancy?

Answer:
Headache is a common symptom in pregnancy, 
reported in up to 35% of women during their ante-
natal period. The International Headache Society 
(IHD) classifies headaches as primary, like ten-
sion-type headache and migraine, and secondary 

headaches, like hypertension, preeclampsia, idio-
pathic intracranial hypertension, subarachnoid 
hemorrhage, cerebral venous thrombosis, and 
reversible cerebral vasoconstriction syndrome. 
Headaches may be an initial symptom of a life-
threatening condition, such as central venous 
thrombosis (CVT).

Question 2:
What would be the ideal approach to manage this 
patient?

Answer:
All neurosurgical procedures during pregnancy 
must be considered major interventions. Hence, 
a multidisciplinary and well-planned strategy 
and team approach are advisable. If an emer-
gency situation arises, initial stabilization of 
the mother should take priority, although subse-
quent treatment has to consider both the mother 
and child.

Provision of anesthesia for a pregnant neuro-
surgical patient who needs surgical treatment is a 
major challenge. A balance between competing 
and even contradictory clinical goals may need to 
be achieved, like application of some neuroanes-
thesia techniques or protective interventions may 
benefit the mother but carry the risks of harm-
ing the fetus. Throughout the continuum of care, 
maintenance of uteroplacental perfusion and fetal 
oxygenation by avoidance of maternal hypoxia, 
hypotension, hypocarbia, and acidosis are of 
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utmost importance for fetal survival in a pregnant 
neurosurgical patient.

Decision to proceed for neurosurgery depends 
on the site, size, and type of the tumor, neuro-
logical signs as well as the patient’s wishes and 
considerations.

In this case, due to the size of the intracranial 
mass causing midline shift in the dominant hemi-
sphere, there was an increased risk of cerebral 
herniation. Hence, an emergent craniotomy had 
to be performed.

Question 3:
What are the physiological changes of pregnancy 
that impacts the anesthetic management?

Answer:
There are anatomical and physiological changes 
in pregnancy to meet the metabolic demands of 
the mother and fetus.

 (a) Respiratory Changes.
Anatomically, there is capillary engorge-

ment resulting in swelling and friability of 
the nasopharyngeal and oropharyngeal tis-
sues. Hence, the airway can become compro-
mised and tracheal intubation more difficult. 
This in conjunction with enlarged breasts, 
tongue, and increased obesity can make 
laryngoscopy more difficult. The nasopha-
ryngeal approach should be avoided because 
of the increased risk of epistaxis.

Physiologically, there is 60% increase in 
oxygen demand and CO2 production. There 
is an early increase in the tidal volume which 
increases the minute ventilation. The driving 
force for this is progesterone which lowers 
the carbon dioxide response threshold of the 
respiratory center.

As the uterus expands, the diaphragm gets 
pushed in a cephalic direction decreasing 
the functional residual capacity. Hence, the 
parturients become hypoxic very quickly. So 
adequate preoxygenation for 3–5 min or lon-
ger helps before intubation. Increased minute 
ventilation and a reduced FRC facilitate gas 
exchange at the alveolar level resulting in 
increased rate of uptake of inhalation agents 

and more rapid changes in depth of anesthe-
sia. While ventilating a parturient, there is 
equivalent gradients between end-tidal CO2 
and PaCO2 due to the decrease in alveolar 
dead space as there is increased blood per-
fusion due to increased maternal CO. Hence, 
excessive hyperventilation can cause severe 
alkalosis, shifting the O2 dissociation curve 
to left and hence resulting in decreased oxy-
gen transfer to the fetus.

The chest wall compliance reduces due to 
the upward push by the gravid uterus, requir-
ing higher airway pressure to maintain ade-
quate ventilation.

 (b) Cardiovascular Changes.
There is hyperdynamic circulation in 

pregnancy. The early hormonal effects lead 
to peripheral vasodilatation which causes a 
decrease in the systemic vascular resistance 
(SVR).

Initially, there is increase in store volume 
(SV), but as pregnancy progresses, there is 
an increase in the heart rate.

There is an overall increase of up to 
2000 mL in blood volume compared with the 
nonpregnant individual. As a result of this, 
the pregnant patient compensates well for 
blood loss, and the classical symptoms and 
signs of hypovolemia such as tachycardia, 
hypotension, and oliguria are evident after 
more than 1500  mL in blood volume may 
have already been lost.

Despite an increased CO, there is an 
early transient decrease in arterial pressure, 
resulting in a widened pulse pressure and a 
reduced mean arterial pressure. This acti-
vates the renin–angiotensin system leading to 
retention of water and sodium and ultimately 
an increase in plasma volume. While the 
increase in plasma volume is in the region of 
40–50%, the increase in red blood cell mass 
is only 20% resulting in the dilutional physi-
ological anemia of pregnancy.

By the time enlarging uterus approaches 
the level of the umbilicus, the mechanical 
effects of the enlarging uterus cause com-
pression of both the inferior vena cava and 
the descending aorta in the supine position. 
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This leads to a reduced venous return and 
decreased cardiac output. As the uteropla-
cental circulation has no autoregulation 
properties, this causes a decreased uterine 
blood flow and reduced placental perfusion 
and therefore leads to maternal hypotension 
and a subsequent fetal acidemia.

Peripheral vasodilatation facilitates veni-
puncture and I.V. cannulation. Epidural 
veins become dilated with increased risk of 
intravascular injection—“bloody tap” during 
epidural anesthesia. This is exacerbated dur-
ing uterine contractions. IV and inhalation 
anesthetic agents cause a reduction in SV 
and CO, and neuraxial block causes sym-
pathetic block and hence both increases the 
risk of supine hypotension. Hence pregnant 
patients are positioned with left lateral tilt.

Labor and delivery further increase the car-
diac workload by pain and auto- transfusion. 
Those parturients with decreased cardiac 
reserve are at particular risk of ventricular 
failure and pulmonaryedema in the second 
stage of labor and early postpartum period.

Pregnancy is a hyper-coagulable state. 
All clotting factors are increased except 
factor XI and XIII, and there is a decrease 
in natural anticoagulants and a reduction 
in fibrinolytic activity, and hence, there is 
a high risk for postpartum thromboem-
bolic disease. All pregnant women should 
routinely undergo a thromboembolic risk 
assessment in the antenatal period and 
appropriate thromboprophylaxis pre-
scribed. As low molecular weight heparins 
(LMWHs) are being used increasingly in 
the antenatal period, the anesthetist has 
to be aware of the last dose administered 
before providing regional block.

 (c) Gastrointestinal Changes.
The upward displacement of the stom-

ach by the gravid uterus leads to increased 
intragastric pressure, and this with decreased 
esophageal sphincter tone leads to the symp-
toms of heartburn in pregnancy.

Gastric emptying is delayed in labor due 
to pain, anxiety, and administration of opi-

ates by any route, including the epidural or 
subarachnoid route. This increases the risk of 
aspiration.

The safest and most effective way of 
aspiration prophylaxis is the effective use of 
regional anesthesia. Also antacid premedica-
tion, H2-receptor antagonists used in com-
bination with sodium citrate, increases the 
mean pH and decreases the percentage of 
patients with a gastric pH <2.5 required to 
cause a chemical pneumonitis.

If general anesthesia is necessary, after 
pre- oxygenation, a rapid sequence induc-
tion technique with cricoid pressure should 
be used and the airway secured with a cuffed 
tracheal tube. Due to engorged, edematous 
airways, friable oropharyngeal mucosa, and 
large tongue, a smaller size tube is always 
recommended.

Question 4:
What factors determine the drug transfer across 
the placenta?

Answer:

 (a) Lipid solubility.
Lipophilic molecules diffuse readily 

across placenta and reach the fetal circu-
lation. All induction agents, inhalational 
agents, and opioids are highly lipid soluble.

 (b) Molecular weight.
It influences the rate and amount of drug 

transferred across the placenta. Drugs with 
molecular weight less than 500  Da read-
ily diffuse through the placenta. All muscle 
relaxants depolarizing and non-depolarizing 
have a high molecular weight and do not 
cross the placenta.

 (c) Protein binding.
Drugs that are protein bound do not cross 

the placenta, only the free unbound portion 
of the drug is free to cross the placental cell 
membrane. Any disease process associated 
with hypoalbuminemia will result in a higher 
portion of unbound drug and therefore pro-
mote drug transfer across the placenta.
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 (d) Degree of ionization.
Only the non-ionized fraction of the par-

tially ionized drug crosses the placenta. The 
degree to which a drug is ionized depends 
on its PKa and the Ph of the maternal blood. 
Most drugs used in anesthesia are poorly ion-
ized; therefore, they diffuse readily through 
the placenta. The exception is the neuromus-
cular blocking agents which are highly ion-
ized; therefore, their transfer is negligible.

Question 5:
What preparations are required before proceed-
ing with craniotomy and cesarean delivery at the 
same session?

Answer:
Fetal monitoring with ultrasound and Doppler 
for fetal heart rate to ensure that the fetus is well 
should be done. A close communication with the 
neonatologist and NICU should be done to estab-
lish fetal compatibility with life after cesarean 
delivery.

All gravid patients, presenting with intracra-
nial mass and increased intracranial pressure 
who are at high risk of developing seizure disor-
der should be treated with prophylactic anticon-
vulsant therapy. It is crucial to avoid seizures as 
hypoxia and acidosis resulting from seizure dis-
order may have more impact on fetus compared 
with anticonvulsant therapy. Also the side effects 
from anticonvulsant therapy after organogenesis 
are infrequent.

Anesthetic management is quite often chal-
lenging due to the effect of the physiological 
changes of pregnancy on the cerebral circulation 
and tumor.

It is vital to maintain the hemodynamic stabil-
ity all the time, while avoiding aortocaval com-
pression, hypoxemia, and hypercarbia for the 
fetal and maternal well-being.

Aspiration prophylaxis in the form of non- 
particulate antacids, H2-receptor antagonists 
used in combination with sodium citrate and pro 
motility medication should be given while on the 
way to the operating room.

Question 6:
What technique of anesthesia should be 
employed?

Answer:
The patient was placed in supine with left lat-
eral tilt in order to maintain venous return and 
decrease pressure on the inferior vena cava by 
avoiding the aortocaval compression by the gravid 
uterus. Also, a 15 degree reverse Trendelenburg 
was maintained to decrease intracranial pressure.

Preoxygenation for 3–5 min is ideal in obstet-
ric patients. Also continuous oxygen can be 
delivered through the high-flow nasal cannula 
during the process of intubation too.

Once the surgeons had prepared and draped 
the patient and were ready for incision, a rapid 
sequence induction was done with propofol 2 mg/
kg, remifentanil 1 mcg/kg, lidocaine 1.5 mg/kg, 
and rocuronium 1 mg/kg while maintaining the 
cricoid pressure. After intubation and confirma-
tion of bilateral breath sounds was done by aus-
cultation, an extra-large bore peripheral IV was 
started. Right radial arterial line provided beat-
to-beat control of the blood pressure, and body 
core temperature was monitored throughout.

Anesthesia was maintained with 50% oxygen, 
50% air, and 0.5 Mac of sevoflurane. A continu-
ous infusion of remifentanil 0.25 μg/minute was 
started to maintain hemodynamic stability.

Controlled ventilation was maintained provid-
ing 8  mL/kg tidal volume and respiratory rate 
sufficient to maintain end tidal CO2 at 30–32.

Succinylcholine was avoided for the concern 
of increasing intracranial pressure.

Nitrous oxide should not be administered in 
pregnant neurosurgical patients for a variety of 
reasons. In the mother, it may increase the ICP 
and cerebral oxygen metabolic rate, expanding 
the size of an occult pneumothorax and contribut-
ing to postoperative nausea and vomiting. In the 
fetus, nitrous oxide may have adverse effects on 
development because of its propensity to oxidize 
cobalamin and inhibit methionine synthase activ-
ity, affecting, for example, DNA production and 
myelin deposition.
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Question 7:
Can opioids be given before the delivery of the 
baby?

Answer:
Normally, opioids should be withheld until after 
the baby is born because of the risk of neona-
tal depression. However, in this case, due to the 
maternal increased stress response and intracra-
nial pressure, a short-acting opioid remifentanil 
was administered.

Remifentanil has a unique metabolism by 
plasma and tissue esterases and a context- 
sensitive half-life of 3–4 min independent of the 
duration of infusion. Despite crossing the pla-
centa, remifentanil can be metabolized and redis-
tributed to both mother and fetus rapidly.

In this case, APGAR scores of the baby was 
7 and 10 at 1 and 5  min following delivery. 
Remifentanil allows both control of the intraop-
erative stress response and a more rapid recov-
ery than the commonly used opioids. Because of 
its fast metabolism and short duration of action, 
remifentanil can be considered safe and effective 
for general anesthesia for emergency cesarean 
sections in patients with neurological risk factors.

Remifentanil infusion is an excellent anes-
thetic adjunct when hemodynamic stable anes-
thetic is the main goal as in this case.

Question 8:
How does the maintenance of anesthesia change 
after the delivery of the baby?

Answer:
In this case, a healthy neonate was delivered 
within 4 min of induction. The obstetrician started 
bimanual uterine massage and compression to 
help uterine contraction and tone to minimize 
bleeding that can lead to hemodynamic instabil-
ity. Oxytocin infusion of 20 U in 500 mL of saline 
was started immediately after delivery of pla-
centa. Oxytocin is the uterotonic agent of choice 
in patients with intracranial tumors. Methergin 
has been associated with hypertensive response 
which can further increase intracranial pressure.

Neuroanesthetic techniques should be designed 
to avoid fetal hypoxia, hypercarbia, hypoten-
sion, and teratogenicity and acknowledge preg-
nancy-related changes in maternal physiology. 
Neuroprotective measures such as hyperventila-
tion or induced hyper-osmolarity should only be 
used with caution and to a limited extent, because 
hypocarbia, reduced uterine perfusion, and fetal 
hyper-osmolarity or dehydration pose serious 
threats to the fetus. Neuroanesthesia must there-
fore strive to offer optimal care for the mother and 
minimize or eliminate risks to the fetus, while also 
ensuring the shortest possible exposure to anesthe-
sia drugs. The following medications were started.

Dexamethasone 0.1  mg/kg, mannitol infu-
sion of 0.5  mg/kg, and furosemide 0.1  mg/kg 
were administered to decrease brain edema and 
ICP. Dexamethasone is used to decrease cerebral 
edema and is safe for premature fetus if given 
24–48  h prior to delivery, to facilitate fetal lung 
maturity.

Osmotic diuresis with mannitol is routinely 
used for decreasing brain bulk and intracranial 
pressure, it has been shown to cause fetal hypo-
volemia and electrolyte imbalance in both animal 
and human studies. However, there is no evi-
dence that mannitol at 0.5–1 g/kg has any signifi-
cant effect on fetal fluid balance.

30.1  Intraoperative

Anesthesia was maintained with oxygen/air/
sevoflurane and remifentanil infusion. Vital signs 
remained stable during operation. A 1000 gm of 
IV phenytoin was given as an anti-convulsant 
agent. Sevoflurane and remifentanil were stopped 
during stapling.

Muscle relaxation was reversed with neostig-
mine 1.5  mg and atropine 0.5  mg IV.  The tra-
chea was extubated after 5 min from the end of 
anesthesia, when the patient responded to verbal 
stimulation.

Frozen section of the tumor confirmed the 
diagnosis of anaplastic oligodendroglioma 
grade III.
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30.2  Postoperative Course

The patient was transferred to ICU from the OR; 
vaginal bleeding was at normal range. Control 
CT revealed persistent brain edema. After 
resumption of intestinal peristalsis, the patient 
was started on oral intake at postoperative day 1.

Postoperative Day 2
The patient had generalized convulsions in spite 
of being on the treatment of dexamethasone 4 mg 
q 6  h and phenytoin 300  mg q 8. Convulsions 
were controlled with diazepam. Dexamethasone 
dose was increased, and 50 mL of 20% mannitol 
infusion six times a day was started.

Postoperative Day 3
Generalized convulsions were noted again. 
Carbamazepine 200  mg q 8  h was started, and 
phenytoin and mannitol were decreased gradu-
ally and stopped.

Lactation was stopped with bromocriptine, 
and commercial formula was used for infant 
feeding to prevent the side effects of the drugs to 
the baby via breast-feeding.

After 5 days in the ICU, the patient was dis-
charged on postoperative day 10 to follow up in 
the medical oncology as an outpatient.

Multiple Choice Questions
 1. Which of the following neurosurgical pathol-

ogies are more common in pregnancy?
 (a) Gliomas.
 (b) Bleeding from arteriovenous 

malformations.
 (c) Pituitary tumors.
 (d) Bleeding from intracerebral aneurysms.
 (e) Meningiomas.
Answer: d

Although intracranial aneurysms are 
uncommon during pregnancy, normal hemo-
dynamic changes in pregnant women may 
increase vascular stress and the risk of aneu-
rysm formation, progression, and rupture. 
Ruptured aneurysms in pregnancy deserve 
prompt surgical treatment.

 2. Pregnancy is normally associated with:
 (a) An increase in intracranial pressure.

 (b) A normal PaCO2 of 30–32 mmHg.
 (c) A reduction in factors II, V, and X.
 (d) Decreased renal excretion of 

bicarbonate.
 (e) Reduced platelet count.
Answer: b

During the first trimester of pregnancy, 
the arterial oxygenation increases from non-
pregnant levels to 107 mmHg due to greater 
alveolar ventilation, the decline in PaCO2, 
and a lower AV oxygen difference (reduc-
ing the reduction in PaO2 due to venous 
admixture). Throughout pregnancy, oxygen 
consumption increases and cardiac output 
increases to a lesser extent, lowering mixed 
venous oxygen content.

Oxygenation further decreases in the 
supine position at midgestation because the 
FRC becomes less than the closing capac-
ity leading to atelectasis. Minute ventilation 
rises during pregnancy due to progesterone 
acting as a respiratory stimulant and as a 
result of increased carbon dioxide produc-
tion (increased by 30%). pCO2 declines 
to approximately 30  mmHg by 12  weeks 
and stays constant through the remainder 
of pregnancy. This results in a respiratory 
alkalosis. Metabolic compensation for this 
reduces serum bicarbonate to approxi-
mately 20  mEq/L with a base excess of 
2–3  mEq/L.  Arterial PaO2 is increased 
about 10  torr during pregnancy (increased 
minute ventilation). PaCO2 is decreased 
about 10 torr during pregnancy.

PaCO2 is about 32 mmHg but pH is nor-
malized secondary to a compensatory meta-
bolic acidosis, with HCO3 decreasing from 
25 meq/L to 21 meq/L.

All factors are increased in preg-
nancy excluding XI and XIII.  There is 
increased renal excretion of bicarbonate 
to compensate for the respiratory alkalo-
sis. In pregnancy, platelet production and 
 consumption both increase with resultant 
normal.

 3. Which of the following is recommended dur-
ing craniotomy in a pregnant patient with 
raised intracranial pressure?
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 (a) Moderate hypothermia should be imple-
mented for neuroprotection.

 (b) Simultaneous cesarean section should be 
considered if pregnancy is 28 weeks.

 (c) Slow neuro induction with propofol, 
fentanyl, and rocuronium is advisable.

 (d) Modest hyperventilation to decrease 
ICP.

Answer: d
Modest hyperventilation (PaCO2 

25–30  mmHg) should be instituted within 
physiological parameters appropriate for 
gestational age. Maternal hyperventilation 
can facilitate surgical exposure by deceas-
ing cerebral blood volume. However, severe 
hypocarbia may impair fetal oxygen delivery 
and also decrease maternal cardiac output by 
raising intrathoracic pressure.

 4. Regarding pharmacology in pregnancy:
 (a) MAC values are 10% greater.
 (b) Gastrointestinal absorption of drugs is 

increased.
 (c) Larger doses of induction agents are 

required due to bigger volumes of 
distribution.

 (d) Pseudocholinesterase levels are reduced.
Answer: d

Serum pseudocholinesterase falls pro-
gressively during pregnancy, falls further in 
the first few days of the puerperium, and then 
returns to normal by about the sixth week. 
The cause of this fall is uncertain; hemodi-
lution, a general effect on hepatic function 
and a specific effect of estrogen have all been 
suggested.

 5. All of the following pertain to the anesthetic 
management of pregnant women undergoing 
neurosurgery except.
 (a) The MAC value decreases by 30% lead-

ing to greater risk of cardiovascular 
depression.

 (b) FRC decreases by around 20%, and 
closing capacity remains unchanged.

 (c) Placental transfer of highly ionized 
drugs is rapid.

 (d) Placental transfer of propofol, etomi-
date, and thiopental are high.

Answer: c

This statement is false and is the correct 
answer for this question. Highly ionized 
agents like depolarizing and non-depolar-
izing muscle relaxants are minimal. The 
muscle relaxant reversal drugs like neo-
stigmine and edrophonium are also highly 
ionized and demonstrate minimal placental 
transfer.

 6. Regarding the conduct of anesthesia:
 (a) 15 degrees left lateral tilt should be 

applied from 24 weeks gestation to pre-
vent aortocaval compression.

 (b) Ephedrine is the vasopressor of choice.
 (c) Fetal heart rate monitoring is a useful 

predictor of fetal well-being from 
20 weeks gestation.

 (d) Hyperventilation to manipulate PaCO2 
and cerebral vascular tone should be 
within the limits of 25–30 mmHg.

 (e) Esmolol is an effective way to reduce 
pressor responses to laryngoscopy with 
no impact on fetal well-being.

Answer: d
 7. A 32-year-old female who is at 30  weeks 

gestation comes to the hospital with C/O 
headache and numbness over the face. 
Imaging was done, and she was found to 
have an intracranial AV malformation. When 
is a pregnant woman with intracranial AVM 
at greatest risk of rupture?
 (a) second Trimester
 (b) third Trimester
 (c) During labor.
 (d) Immediate postpartum.
Answer: b

The risk of rupture for both AVMs and 
aneurysms is highest in the third trimes-
ter. Incidence of hemorrhage increases 
with advanced gestation, possibly due to 
increases in cardiac output or, possibly, from 
hormonal influences on vascular integrity.

 8. Which of the following is an absolute indica-
tion for surgery during pregnancy?
 (a) Disc herniation causing symptomatic 

nerve root compression.
 (b) ER/PR-positive meningioma causing 

headaches in pregnancy.
 (c) Macroprolactinoma in pregnancy.
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 (d) Ruptured berry aneurysm presenting 
with headache.

Answer: d
SAH is an indication for immediate 

neurosurgical intervention. The involve-
ment of an experienced neurosurgeon and 
a neuroradiologist play a central role in the 
management of SAH in pregnant women. 
Endovascular coiling is one of the treatment 
modalities for cerebral aneurysms which is a 
minimally invasive technique to reduce the 
risk of rebleeding.

 9. Which of the following parturients are not 
candidates for neuraxial block during cesar-
ean section?
 (a) Patients with pseudotumor cerebra.
 (b) Parturients with intracranial aneurysm.
 (c) Parturients with tethered cord.
 (d) None of the above parturients qualify.
Answer: c

Spinal anesthesia for adult TCS (tethered 
cord syndrome) should be avoided because 
it can cause complex neurological compli-
cations. When a patient has mild symptoms 
such as back pain, neurogenicbladder, motor, 
or sensory change, it is extremely important 
for the anesthesiologist to be aware of the 
possibility of TCS. When acute onset of par-
esthesia or weakness in the lower extremi-
ties occurs after surgery, MRI should be 
promptly performed to make the diagnosis.

 10. Intravenous magnesium therapy during preg-
nancy is NOT indicated in which of the fol-
lowing situation?
 (a) Treatment of primary seizure in 

preeclampsia.
 (b) Prolonged management of preterm 

labor.
 (c) Treatments of recurrent seizures in 

eclampsia.
 (d) Prophylaxis against cerebral palsy in 

preterm deliveries.
Answer: b

Intravenous magnesium sulfate is com-
monly encountered during the practice of 
obstetric anesthesia, because it is frequently 
used by obstetricians for various reasons. 

The most likely use of magnesium in preg-
nancy is for seizure prophylaxis in pre-
eclampsia and treatment of eclampsia. The 
current medical literature demonstrates that 
magnesium is not an effective therapy for 
preterm labor beyond 48 h.

Fetal neuroprotection is the most recent 
addition to the clinical uses of magnesium 
in obstetrics, with maternal administration 
of magnesium used to minimize the risk of 
subsequent cerebral palsy in preterm infants.

Magnesium levels in the serum are con-
trolled by the kidneys. Renal insufficiency, 
either chronic or acute, may be associated 
with toxic serum levels of magnesium with-
out careful observation of the patient and 
appropriate dose adjustments. Therapeutic 
serum levels of magnesium for seizure pro-
phylaxis are 5–9  mg/dL.  A common clini-
cal assessment for magnesium toxicity is 
to check patellar tendon reflexes, which are 
absent at serum magnesium levels above 
12 mg/dL. Further increases in magnesium 
levels can lead to respiratory arrest and 
asystole.

The most likely practical interaction 
between magnesium therapy in pregnancy 
and anesthetic management is the poten-
tiation of skeletal muscle relaxants by thera-
peutic magnesium levels during general 
anesthesia. Magnesium can prolong the 
effects of either depolarizing or nondepolar-
izing muscle relaxants. However, the usual 
clinical impact on an intubating dose of succi-
nylcholine is minimal. In contrast, therapeu-
tic magnesium levels can markedly prolong 
the clinical effects of nondepolarizing mus-
cle relaxants, resulting in otherwise unneces-
sary postoperative ventilatory support. In the 
presence of therapeutic magnesium levels, it 
is prudent to avoid nondepolarizing muscle 
relaxants during general anesthesia or at 
least use a very small dose (e.g., 10% of a 
usual dose). Sugammadex has been used to 
reverse the profound neuromuscular block-
ade from rocuronium in patients receiving 
magnesium.
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Management 
of Immunosuppressed Patient 
with HIV and Hepatitis B and Brain 
Tumor

Rakhi Pal and Anand Rajan

31.1  Introduction

Important insights have been gained into the 
pathogenesis of human immunodeficiency virus 
(HIV) infections and hepatitis B infections, but 
managing these patients still remains challeng-
ing. Anesthesiologists should be aware of the 
implications of dealing with increasing numbers 
of both diagnosed and undiagnosed, symptom-
atic and asymptomatic HIV-infected patients in 
the operating room.

Stem Case Terminology
A 57-year-old male is admitted with H/O sei-
zures and weakness of his right side. He also 
complains of headaches. He has been diag-
nosed with HIV (human immunodeficiency 
virus) infection last year and is on antiretrovi-
ral medication. A recent CT scan after the sec-
ond episode of seizures shows an enhancing 
brain tumor on the left partial region along 
with some edema surrounding it. The neuro-
surgeon wants to operate on him to resect this 
tumor. He is on levetiracetam and 
dexamethasone.

31.2  Preoperative

Question 1:
What are the preoperative concerns in a patient 
with HIV infection coming for a brain tumor 
resection?

Answer:
There are a number of concerns to think about 
during the preoperative evaluation.
 1. Respiratory impairment due to concurrent 

infections and pneumonia should be 
considered.

 2. Impairment of neuronal functions (related to 
viral factors, host response, and environmen-
tal factors such as alcohol, drug addiction, and 
HCV co-infection) inducing a cognitive dys-
function or a peripheral neuropathy. 
Autonomic neuropathy can be a serious prob-
lem under anesthesia [1].

 3. Lipodystrophy, dyslipidemia, and insulin 
resistance are the main metabolic combined 
antiretroviral therapy (ART)-related side 
effects, responsible for atherosclerosis and 
coronaropathy.

 4. Nutritional impairment. Anesthesia for HIV 
patients is almost the same than usual, without 
HIV-related contraindication to regional 
anesthesia.

 5. Anesthetic drugs can have drug interaction with 
antiretroviral therapy. The main  restriction 
belongs to the protease inhibitors, which could 
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affect the metabolic pathways of opioids, 
NSAIDs, and benzodiazepines (overdose risks).

Question 2:
What is the current treatment of HIV?

Answer:
After the introduction of antiretroviral combina-
tion (ARV) therapies, mortality has been reduced 
by half. The goal with ARV is to sustain plasma 
viral load levels to <50 copies/mL on ultra- 
sensitive viral load assays. Increase in CD4 count 
and decrease in viral load are indicators of effec-
tive treatment [2]. The treatment plan must there-
fore include ARV drugs with different resistance 
profiles to minimize the chances of a viral strain 
that will be resistant to all the prescribed drugs.

Antiretroviral drug (ARV) class classifica-
tion [3].

Five broad classes of ARVs are being used, 
often in combination.

 1. Protease inhibitors (PIs).
 2. Nucleoside reverse transcriptase inhibitors 

(NRTIs).
 3. Non-nucleoside reverse transcriptase inhibi-

tors (NNRTIs).
 4. Cell membrane fusion inhibitors.
 5. Integrase inhibitor-based HAART is HIV 

treatment.

Question 3:
What are the side effects to keep in mind while 
considering HIV patients for brain tumor surgery?

Answer:
Ideally all patients on HAART should continue 
with their treatment protocol.

Below is the list of antiretroviral drugs and 
their side effects [4].

Protease inhibitors (PIs)—GI disturbances, 
hyperbilirubinemia, hyperlipidemia, lipodystrophy.

Nucleoside analog reverse transcriptase inhibi-
tors (NRTIs)—peripheral neuropathy, pancreatitis.

Renal toxicity, increased LFTs, GI.
Non-nucleoside reverse transcriptase inhibi-

tors (NNRTIs)—GI, increased LFTs, rash, p450 
induction.

Pentamidine—arrhythmias, bronchospasm 
(aerosolized), electrolyte abnormalities.

Question 4:
What is the preoperative management of associ-
ated infections of different organ systems in HIV 
patients?

Answer:
Since HIV can affect almost every organ system, 
preoperative assessment should involve evalua-
tion of every organ system.

Respiratory system
 1. Look for association of opportunistic infec-

tions in HIV/AIDS due to Pneumocystis cari-
nii pneumonia (PCP), aspergillosis, herpetic 
infections, oral and pharyngeal candidiasis, 
and cytomegalovirus (CMV) pneumonia.

 2. Evaluation of pulmonary function, which may 
include arterial blood gas analysis and 
spirometry.

 3. The need for postoperative ventilatory 
support.

Cardiovascular system
 1. Any brain tumor pathology affecting brain-

stem function may provoke arrhythmias.
 2. Echocardiography to rule out any vegetation 

especially in IVDUs, myocarditis, or dilated 
cardiomyopathy.

 3. Rule out any opportunistic bacterial infections 
causing endocarditis and/or congestive car-
diac failure.

Gastrointestinal system
 1. Fluid and electrolyte imbalance is common, 

and preoperative correction is important.
 2. Kaposi’s sarcoma in the mouth and upper air-

way may pose a hazard to endotracheal 
intubation.

Nervous system
• Evaluation of HIV patients for the following 

neurological complications.
• Encephalitis, meningitis, neoplasia (primary 

cerebral lymphoma), polyneuropathy, and 
HIV-related dementia.
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Hematological complications
• Anemia, thrombocytopenia, and leucopenia 

are common.
• Chemotherapeutic agents and radiotherapy 

may aggravate these abnormalities necessitat-
ing blood and blood product transfusions. 
CMV adrenalitis and/or exogenous corticoste-
roid administration in the treatment of  
peripheral neuropathy may cause adrenal  
suppression requiring perioperative steroid 
supplementation.

• Other problems include anesthesia in the 
IVDU group (multisystem disease, poor 
venous access) and problems related to drug 
interactions (e.g., PIs may decrease metabo-
lism of benzodiazepines and opioids).

Question 5:
What preoperative investigations are required?

Answer:
CBC—complete blood count.

Electrolytes, renal function, LFTs, and coagu-
lation profile.

CD4 count and viral load <3 months.
ECG looks for prolonged QT time, conduc-

tion defects, ischemic changes, pericarditis, and 
pericardial effusion.

CXR should be routinely performed, as well 
as a chest CT if CD4 count <200; also look for 
cardiac shadow abnormalities as above, infec-
tion, Pneumocystis carinii, Kaposi sarcoma of 
airway of mediastinum, mediastinal lymph nodes 
or compression, and tuberculosis.

MRI of brain or spine if demyelinating neu-
ropathy suspected.

Liver function especially if on nevirapine 
(raised liver enzymes are common on ARV, albu-
min levels are often low).

Question 6:
What are the special considerations for HIV 
patients for anesthesia?

Answer:
Consider delaying an elective case if CD4 < 200 
due to an increased risk in postoperative infectious 
complications. If CD4  <  50, there is increased 

6-month mortality following surgery. HIV med-
ications should not be stopped; ID specialist 
should be consulted if the patient is unable to take 
PO postoperatively. The perioperative care should 
take into account the underlying conditions.

31.3  Intraoperative

Question 7:
What are the common pharmacological interac-
tions between antiretroviral drugs and anesthetic 
drugs?

Answer:
Benzodiazepines: PIs with midazolam and diaz-
epam can cause major respiratory depression and 
dangerous sedation [5].

Opiates: PIs and NNRTIS can cause acute 
withdrawal of methadone [6]. Methadone is a 
drug of choice for opiate dependence in HIV 
patients as almost 30% of HIV patients are IVDU.

Etomidate, atracurium, remifentanil, and des-
flurane are not dependent on cyt p450 metabo-
lism, so they are preferred agents to minimize 
drug interaction [7].

ARV can cause impairment of fentanyl and 
alfentanil metabolism, resulting in higher 
serum levels and hence major respiratory 
depression [7].

Question 8:
What is cross infection and how does cross infec-
tion occur in operating room environment?

Answer:
Cross infection occurs in patients who have 
not been cured with antiretro viral medications 
and due to urgency of brain tumor surgery from 
patient to patient or from anesthetist to patient. 
HIV can be transmitted to the anesthetist through 
a sharps injury or from splashing of a mucosal 
surface or broken skin by body fluid. In operat-
ing rooms, most injuries occur during unsafe 
disposal of sharps or when re-sheathing needles. 
Until today, risks of HIV transmission following 
needle stick injury and mucocutaneous transmis-
sion are 0.3% and 0.03%, respectively.
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Question 9:
What are the factors for determining cross infec-
tion and how do we prevent this?

Answer:
 1. Volume of blood inoculated during needle 

stick injury.
 2. Depth of puncture by infected needle.
 3. Contamination of anesthetic equipment like 

laryngoscope and circuits with HME devices.

We anesthesiologists carry a cumulative risk 
over our anesthetic career may be as high as 
4.5%.

The universal precautions remain the most 
important in the prevention of cross infection of 
HIV in operative room environment.

Wearing gloves associated with a 10–100 fold 
reduction in the inoculum from a needle stick 
injury.

Use of disposable equipment should be rec-
ommended where available.

Question 10:
Should succinylcholine be used for endotracheal 
intubation?

Answer:
While succinylcholine has been found to increase 
intracranial pressure, as long as the brain is well 
anesthetized and PaCO2 controlled, the effects 
should be negligible, while utilizing succinylcho-
line with regard to hyperkalemia, it has not been 
found to significantly raise potassium in either 
early or delayed surgery.

Question 11:
What are the anesthetic consideration in patients 
with HIV and a brain tumor?

Answer:
HIV patients with significant cardiac disease is 
identical to management of all other patients with 
coronary artery disease. Maximizing myocardial 
oxygen supply and reducing oxygen demand are 
priority. Supply may be increased with increasing 
FiO2, transfusions as necessary, and reduction of 
heart to maximize diastolic perfusion. Demand 

can be reduced by augmenting heart rate, con-
tractility, and afterload.

Under general anesthetic, attention should be 
paid to altered gas exchange from pneumonia, 
presence of secretions that can cause alteration in 
pulmonary mechanics and pressures, and the 
need for intraoperative pulmonary toilet (bron-
chodilators, recruitment, and bronchoscopy).

The clinician should be aware that aerosolized 
pentamidine can cause significant perioperative 
bronchospasm.

An arterial line may be useful to evaluate gas 
exchange as well as to monitor mean arterial 
pressure (MAP) and hence ICP. Immediate treat-
ment of cardiovascular abnormalities in patients 
with significant degrees of autonomic dysfunc-
tion is possible.

While no special equipment is required, at the 
conclusion of the procedure, all equipment 
should be cleaned with appropriate anti-infective 
solutions.

Maintenance of renal perfusion pressure, 
with avoidance of excessive and prolonged 
hypotension or alternatively, high vasopressor 
use.

Patients with HIV and AIDS encephalopathy 
or AIDS-related dementia complex tend to be 
more sensitive to opioids and benzodiazepines, 
reflecting the extent.

Antiseizure medications for the treatment of 
neurological disorders (especially seizure 
 medications, treatments for spasticity) can cause 
significant neurological involvement. Significant 
interaction with multiple anesthetic drugs, par-
ticularly at the level of liver metabolism (i.e., 
muscle relaxants), often decreasing the duration 
of action. Frequent twitch monitoring is indicated 
if muscle relaxation is required.

Biochemical or clinical adrenal insufficiency 
should be ruled out. Primary or secondary adre-
nal insufficiency is the most serious complication 
of HIV/AIDS.  Secondary causes include infec-
tion (CMV, Neisseria meningitis) or drugs (keto-
conazole, rifampin, etomidate).

For patients who are on insulin preoperatively, 
their regimen should be adjusted according to 
their fasting status as hyperglycemia can cause 
worsening of cerebral ischemia.
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Hyponatremia in neurosurgery patients pres-
ents a unique challenge in the perioperative 
period. It should be corrected accordingly.

Intraoperative monitoring is based on patient’s 
underlying concomitant system involvement. No 
additional monitoring is required other than rou-
tine craniotomy for brain tumor surgery. If sig-
nificant cardiovascular disease is present, central 
venous catheter, transesophageal echocardio-
graphic [TEE], may be warranted.

31.4  Postoperative

Question 12:
How would you control postoperative pain in 
these patients?

Answer:
The treatment of pain in HIV infection is simi-
lar to cancer pain management and should be via 
multidisciplinary approach through history and 
physical examination, including medication his-
tory, history of substance use or misuse, and neu-
rological and psychological assessment.

 1. Possible etiologies, infections and malignan-
cies, should be ruled out.

 2. The psychological and emotional contribution 
to pain should be explored.

 3. A specialist in pain management should be 
consulted, when necessary. Painful peripheral 
neuropathy is the most common neurological 
disorder associated with HIV [8].

After brain tumor surgery, neurological 
assessment should be considered before adminis-
tering long-acting narcotics. Current pain man-
agement modalities include non-narcotic and 
narcotic analgesics, tricyclic antidepressants, 
anticonvulsants, physical therapy, and psycho-
logical techniques.

Question 13:
What are the postoperative considerations in 
HIV-positive patients?

Answer:
Postoperatively, continued pulmonary toilet, 
incentive spirometry, and nebulizer treatments 
may be required. Antibiotics should be contin-
ued. Patients with severe preoperative respira-
tory failure but required a surgical intervention 
consider the need for possible postoperative con-
tinued intubation and/or mechanical ventilation. 
Another contributing factor of post op ventila-
tory support is that significant musculoskeletal 
disease exists.

Establishment of full muscle strength should 
precede extubation, otherwise patients may 
require postoperative mechanical ventilation.

In postoperative period, the follow-up should 
include the thromboembolism prevention 
(increased risk compared to main people), the 
cardiovascular side effects, the nutritional sta-
tus, and the continuation of the treatment. 
Moreover, the related psychological status and a 
close collaboration with the corresponding phy-
sician is critical.

Multiple Choice Questions
 1. While providing safe anesthetic for manag-

ing HIV patents under anesthesia, which of 
the following is not necessary?
 (a) Evaluation for various organ 

involvement.
 (b) Pharmacology and adverse reactions of 

antiretroviral agents.
 (c) Understanding basic knowledge of HIV 

infection.
 (d) Worldwide incidence and prevalence of 

HIV.
Answer: d

 2. Neurologic involvement associated with 
HIV infections are except.
 (a) Lymphoma.
 (b) Autonomic neuropathy.
 (c) Cerebral aneurysm.
 (d) Polyneuropathy.
Answer: c

 3. Which of the following is not true  
regarding pharmacokinetics of antiretroviral 
medication?
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 (a) NNRTIs have inhibitory effect on CYP 
and reduce fentanyl clearance.

 (b) ARV (PIs and NNRTIs) can inhibit mid-
azolam metabolism and prolong mid-
azolam effect.

 (c) Activation of CYP 450 3A4 enzyme can 
enhance hypotensive effect of calcium 
channel blockers or increase level of 
lidocaine.

 (d) PIs and NNRTIS can cause acute with-
drawal of methadone.

Answer: c
 4. Which endocrine abnormality is not associ-

ated with HIV?
 (a) Insulin resistance.
 (b) Hypercortisolism.
 (c) Lipodystrophy and hyperlipidemia.
 (d) Hypoglycemia.
Answer: d

 5. While considering cross contamination, 
which of the following is not true?
 (a) A single significant needlestick injury 

with HIV-infected blood may be associ-
ated with a 0.31% risk of HIV 
transmission.

 (b) Constant vigilance and the use of univer-
sal precautions when caring for all 
patients are required by the anesthetist in 
the operating theater in order to avoid 
contracting infection from patients.

 (c) Contamination of laryngoscope blades 
and handles with visible and occult 
blood occurs frequently cause transmis-
sion of disease.

 (d) Post exposure prophylaxis should be 
administered 2 weeks after the injury.

Answer: d
 6. Which of the following statement is not true?

 (a) Increased risk in postoperative infec-
tious complications if CD4 count less 
than 200.

 (b) CD4 < 50, increased 6-month mortality 
following surgery.

 (c) HIV medications should be stopped 
1 week before surgery.

 (d) Check CD4 count and viral load 
<3 months as part of pre op test.

Answer: c

 7. In regard to preoperative investigation, 
which statement is not true?
 (a) Echocardiography to rule out any oppor-

tunistic bacterial infections causing endo-
carditis and/or congestive cardiac failure.

 (b) CXR to rule out infection i.e., 
Pneumocystis carinii, TB, Kaposi sar-
coma of airway of mediastinum, medias-
tinal lymph nodes, or compression.

 (c) All patient with HIV should get evalua-
tion of pulmonary function, which may 
include arterial blood gas analysis and 
spirometry.

 (d) CBC, electrolyte blood glucose.
Answer: c

 8. Regarding cross infection, which one is not a 
contributory factor?
 (a) Volume of blood inoculated during nee-

dle stick injury.
 (b) Depth of puncture by infected needle.
 (c) Contamination of anesthetic equipment 

like laryngoscope and circuits with 
HME devices.

 (d) Use of nondisposable equipment.
Answer: d

 9. During the intraoperative period, under a 
general anesthetic, which of the following is 
true?
 (a) Attention should be paid to altered gas 

exchange from pneumonia, presence of 
secretions that can cause alteration in 
pulmonary mechanics and pressures, and 
the need for intraoperative pulmonary 
toilet.

 (b) There is no change in pharmacokinetics 
of fentanyl and alfentanil.

 (c) There is no risk of cross contamination.
Answer: a

 10. Which statement regarding HIV is false?
 (a) Hyponatremia is common.
 (b) Adrenal insufficiency is a common 

occurrence.
 (c) Protease inhibitors could interact with 

the metabolic pathways of opioids, 
NSAIDs, and benzodiazepines.

 (d) Use of atracurium is not favorable in 
HIV- infected patients under anesthesia.

Answer: d.
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Management of Patients 
with Intracerebral Hemorrhages

Alexis Steinberg, Kate Petty, and Brian T. Gierl

Stem Case Terminology
A 68-year-old man of Asian ethnicity pres-
ents after being found down in his bedroom. 
His wife states that he had a cardiac stent 
placed 1 year ago and had been taking clopi-
dogrel and aspirin since that time, but recently 
stopped taking the clopidogrel due to the cost 
of the drug and instead increased his aspirin 
dose to 325 mg daily.

Question 1:
What is the epidemiology of ICH?

Answer:
ICH accounts for roughly 10% of strokes and 
~40% of ICH victims will die within 30  days. 
Deaths from ICH total ~20,000 annually in the 
US alone. Asians, African-Americans, Mexicans, 
and Native Americans all have higher rates of 
ICH than Caucasians and the reason for that dis-
crepancy is unproven. Increasing age portends 
the highest relative risk for ICH; one study found 
that approximately one-third of all ICH occurs to 
patients over the age of 80. Hypertension, smoke 
exposure, alcohol, and cocaine abuse are the 
main modifiable risk factors.

Question 2:
What is the etiology of ICH? How does location 
predict etiology?

Answer:
The etiology of ICH is divided into primary ICH 
due to chronic disease by hypertension or cere-
bral amyloid angiopathy (CAA). These two etiol-
ogies account for ~80% of all ICH. In both HTN 
and CAA, the diminutive walls of small vessels 
are easily damaged. Eventually they rupture and 
bleed.

ICH due to hypertension most commonly 
occurs in “perforators” which are small vessels 
that branch directly off of much larger vessels at 
abrupt angles to perfuse white matter in the basal 
ganglia, thalamus, pons, and cerebellum. The 
proximal segments of these vessels are subjected 
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to shear forces due to the abrupt branching. 
Perforating vessels also lack the long arteriolar 
segments that protect vessels of that size so that a 
portion of the vessel with a diminutive muscula-
ris is subjected to high forces. These forces cause 
the vessels to form atheromas, which further 
weaken the vessel walls.

Amyloid plaques tend to accumulate in corti-
cal gray matter. Apolipoprotein E (ApoE) is the 
main lipoprotein of the brain. It is produced by 
astroglia and microglia and carries cholesterol 
and some proteins within the CNS and can also 
bind to neuronal receptors to act as a signaling 
molecule. The ApoE allele 𝟄2 increases the risk 
for amyloid plaques and Alzheimer’s disease.

Secondary causes are structural or due to 
acute hemodynamic changes and they account 
for ~20% of the incidences of ICH. They include 
trauma, arteriovenous malformation or aneurysm 
rupture, eclampsia, hemorrhagic conversion of 
ischemic stroke, tumors, and the abuse of stimu-
lants. Both cocaine and methamphetamines can 
cause a vasculitis that can weaken vessel walls. 
Renal cell carcinoma and melanoma are the two 
cancer types that are the most likely to bleed.

Question 3:
What is the pathophysiology of ICH? What are 
the primary and secondary pathologies?

Answer:
Primary ICH begins as a disease of the blood 
vessel wall, as described above. Initially, vessel 
disruption ends blood flow to the capillary bed 
served by that vessel. The mass effect of the 
expanding hemorrhage also reduces the cerebral 
perfusion pressure in the adjacent tissue. High 
pressure blood can dissect adjacent tissue. As that 
hematoma expands, it may tear other diseased 
vessels nearby and they may bleed as well.

The outcome of the disease is largely influ-
enced by the extent of the expansion of the hema-
toma in the first few hours after symptom onset, 
which is why it is crucial to identify ICH early 
and to begin treatment immediately.

Secondary damage occurs when an inflamma-
tory cascade releases and activates matrix metal-
loproteinases, glutamate, and cytokines. These 

substances perpetuate a variety of insults to the 
brain, including an inflammatory milieu that 
produces free radicals that damage local struc-
tures. Metalloproteinases and other substances 
breakdown the blood-brain barrier, which allows 
macrophages and platelets to arrive and trigger 
cytotoxic and apoptotic cell death and edema that 
damages neurons that were still viable after the 
initial bleed.

A second wave of edema and further toxic-
ity occurs from 48  h to 7  days after the event. 
This fact has complicated clinical trials, as it 
is believed that for a nonsurgical therapy to be 
effective, it would have to be applied continually 
over 7  days or more. Nonetheless, therapies to 
limit this edema and its toxic effects are ongoing. 
The breakdown of blood products in the hema-
toma is known to release heme and free iron, 
which are cytotoxic and inflammatory, making 
iron removal or neutralization a potential therapy. 
Several compounds that chelate iron have been 
tested, but so far each compound has failed—
many chelators have had toxic side effects with 
escalating doses before reaching a therapeutic 
level.

The clinician should be aware that the sur-
rounding brain is fragile and that the patient’s 
physical examination may worsen without a treat-
able or identifiable etiology in this time period.

Question 4:
What is the timeframe for initial treatment per 
the available guidelines? Has treatment per those 
Guidelines been shown to reduce morbidity or 
mortality?

Answer:
Guidelines published by the AHA/ASA and the 
European Stroke Organization (ESO) have evalu-
ated the current evidence for treatment of ICH and 
those guidelines as well as the relevant literature 
pertaining to the treatment of ICH will be dis-
cussed throughout this chapter. The Neurocritical 
Care Society (NCS) published guidelines for ICH 
treatment as part of its Emergency Neurologic 
Life Support (ENLS) series. The NCS’ guide-
line refers to the first hour within presentation for 
medical care as the “Golden Hour.” They recom-
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mend that each of these issues be reviewed and 
addressed in that first hour.

 1. Stabilization and reassessment of the patient’s 
airway, breathing, and circulation (ABC’s).

 2. Rapidly determine an accurate diagnosis 
using neuroimaging (usually non-contrast CT 
Head).

 3. Perform a concise clinical assessment regard-
ing ICH characteristics and the patient’s con-
dition. This is important in determining 
whether the patient is clinically deteriorating 
without performing an exorbitant number of 
CT scans.

 4. Targeted assessment for potential early inter-
ventions including:
 (a) Control of elevated blood pressure.
 (b) Correction of coagulopathy.
 (c) Need for early surgical intervention.

 5. Anticipation of specific patient care needs 
such as:
 (a) Specific treatment aspects related to 

underlying ICH cause.
 (b) Risk for early clinical deterioration and 

hematoma expansion.
 (c) Need for intracranial pressure (ICP) or 

other neuromonitoring.

There is not a specific trial of the influence 
of these guidelines on patient outcome. Overall, 
some cohort and population studies have con-
cluded that the morbidity and mortality of ICH has 
been declining in countries with modern medical 
care—specifically the control of HTN. However, 
some studies have not witnessed a change in the 
rate of ICH in those same countries. Sub-Saharan 
Africa has seen an increase in the diagnosis of 
ICH and has a fatality rate of ~40% as opposed to 
the fatality rate of ~25% in Great Britain’s’ mod-
ern health system.

Question 5:
What is the level of evidence behind the 
guidelines?

Answer:
Due to the relatively high frequency of this dis-
ease and the impact to society, many trials have 

been initiated in the past 5–6 years, so expert’s 
knowledge of ICH is rapidly evolving.

The ESO’s panel of experts published their 
most recent guidelines for ICH treatment in 
2014 and only found four strong recommenda-
tions. However, the AHA/ASA Guidelines for 
the Management of Spontaneous Intracerebral 
Hemorrhage updated their guidelines 1 year later 
in 2015 and included 14 Class I recommendations.

Question 6:
What is the appropriate neuroimaging and how is 
it interpreted? Is an MRI/MRA or CTA helpful?

Answer:
Classically, the patient presenting with headache 
and somnolence should receive a non-contrast 
CT of the head in order to identify a hemorrhage. 
ICH can often mimic the signs and symptoms of 
ischemic stroke. Both of these conditions warrant 
prompt, aggressive therapy but they are treated in an 
opposing manner in terms of blood pressure goals 
and anticoagulation, so it is necessary to differenti-
ate between them promptly and correct coagulation 
deficits and reduce blood pressure in ICH patients.

A few trials have correlated various hematoma 
shapes or patterns within the ICH hematoma with 
a hemorrhage expansion >33%, which is consid-
ered to be indicative of a poor outcome. The signs 
on non-contrast CT include an irregularly shaped 
hematoma including the presence of lakes or 
island sign, intrahematoma hypodensities, black 
hole sign, swirl sign, blend sign, and heteroge-
neous hematoma density. A table that accom-
panies the suggested reading “Blood pressure 
reduction and noncontrast CT markers of ICH 
expansion” defines each of these signs. The pres-
ence of any of the “signs” predicts an increased 
risk of hematoma expansion, poor outcome, and 
90-day mortality.

A combination of the presence or absence of 
multiple signs combined with hematoma vol-
ume may be more specific for certain good and 
bad outcomes. In this manner, these signs may 
be important for end of life decision-making in 
appropriate populations. They may also be a use-
ful means to further risk-stratify patients being 
enrolled in clinical trials of ICH therapies.
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At the time of this publication, no society has 
endorsed a CT Angiogram of the head (or MRA 
of the Brain) as a standard of care for ICH evalu-
ation. However, the presence of a bright “spot” 
within the hemorrhage on CTA is known as “spot 
sign.” It suggests continued extravasation and has 
been widely accepted as a marker for continued 
hematoma expansion and a poorer prognosis. 
The “spot sign” has demonstrated the highest 
odds ratio of poor outcome.

An MRI (with and without contrast) and MRA 
brain and neck can be helpful in diagnosing the 
etiology of the ICH. It can help identify markers 
of CAA and the presence of a tumor or vascular 
malformation. MRI can also be utilized to esti-
mate the age of hemorrhage based on the appear-
ance of blood degradation products on different 
sequences. A digital subtraction angiography (or 
conventional angiography) can be useful for eval-
uating the underlying cause of ICH.  However, 
both MRI and digital subtraction angiography 
should be deferred until the patient is stable.

Question 7:
Is there a proven temperature target for patients 
with ICH?

Answer:
Deep hypothermia is neuroprotective for 
patients who require induced cardiac arrest 
for many procedures. This was transitioned to 
treating patients post cardiac arrest with mild 
hypothermia to reduce inflammatory responses 
and free radical formation, and possibly induce 
the production and release of neuroprotective 
compounds. Early studies of mild hypothermia 
demonstrated a profound benefit for a tempera-
ture of 33–35 °C after cardiac arrest. Large ran-
domized controlled trials clearly demonstrated 
worse functional outcomes in patients who were 
hyperthermic in the early post-arrest period.

Simialry, patients recovering from traumatic 
brain injury (TBI) have worse outcomes when 
hyperthermic.  The POLAR trial did not dem-
onstrate a benefit of early hypothermia for TBI 
patients.

Several small studies have been performed 
to determine whether mild hypothermia will 
benefit patients after ICH, but none has conclu-
sively answered that question. Most providers 
treat patients for hyperthermic, as in the same 
manner that was effective for post cardiac arrest 
and TBI patients. A large RCT—the Cooling in 
INtraCerebral Hemorrhage (CINCH) trial—is 
ongoing and its results may determine whether 
therapeutic temperature management is appropri-
ate for ICH patients.

Question 8:
Is there a simple vehicle for predicting the out-
come of patients with ICH? Is there a model 
to predict functional independence at 90 days?

Answer:
The original and most widely used outcome 
measure is the ICH Score. It was developed by 
a group led by Claude Hemphill and determined 
that low Glasgow Coma Score (GCS) on pre-
sentation, age 80 or above, hematoma volume 
greater than 30  cm3, a location below the ten-
torium, and hemorrhage extension into the ven-
tricles were all harbingers of poor outcome. See 
Table 32.1.

The FUNC Score similarly scores the like-
lihood of functional independence at 90  days 
post- bleed. It includes a slightly different scor-
ing system for similar variables to the ICH 
Score, but also includes whether the patient had 
significant cognitive impairment prior to their 
hemorrhage. See Table 32.2. However, caution 
should be utilized when using these prognostic 
scores. Initially, aggressive medical treatment 
should be offered to patients even with high 
ICH scores, in order to prevent the self-fulfill-
ing prophecy of using bad prognostic scores 
and seeing bad outcomes. The guidelines cur-
rently recommend against early withdrawal of 
intervention in the emergency department and 
recommend offering aggressive therapy with 
reevaluation and goals of care discussions at 
24 h, based on the patients’ preference and their 
clinical course.
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32.1  Preoperative

Question 9:
How can you calculate the hemorrhage volume 
in your patient?

Answer:
The ABC/2 volume formula is a simple tool 
that was developed for use at the bedside to 
provide a rapid clinical assessment for estima-
tion of the hemorrhage volume. First, iden-
tify the axial CT slice with the largest area of 
hemorrhage.

Formula

 Volume A B C shape= ´ ´ /  

A and B are the two largest diameters on this 
slice.

C is the section thickness multiplied by the 
number of sections the lesion was visible.

Shape = 2  in lesions that are round/ellipsoid 
and 3 for other shapes.

The initial studies found that the ABC/2 is a 
reliable test that is easily reproducible by multiple 
providers. The ABC/2 volume formula tends to 
overestimate the hemorrhage size in large, complex 
shaped lesions. Its accuracy is acceptable to prog-
nosticate outcome for ellipsoid shaped lesions and 
was used to develop the ICH score. Software pro-
grams rapidly calculate hemorrhage volumes more 
accurately especially in complex lesions as well as 
other lesions such as arteriovenous malformations.

32.1.1  Blood Pressure and 
Coagulopathy Management

Question 10:
What is the target blood pressure goal?

Table 32.1 FUNC score likelihood of functional inde-
pendence at 90 days

Feature Points
GCS
  3–4 2
  5–12 1
  13–15 0
Age
  ≥80 1
  <80 0
Location
  Infratentorial 1
  Supratentorial 0
ICH volume
  ≥30 cm3 1
  <30 cm3 0
Intraventricular blood
  Yes 1
  No 0

ICH score 30 day mortality (%)
0 0
1 13
2 26
3 72
4 97
5 100
6 100

ICH Score = 0–6 points

Table 32.2 ICH score predicts 30 day mortality

Feature Points
ICH volume (cm3)
  <30 4
  30–60 2
  >60 0
Age (years)
  <70 2
  70–79 1
  ≥80 0
ICH location
  Lobar 2
  Deep 1
  Infratentorial 0
GCS
  ≥9 2
  ≤8 0
Pre-ICH cognitive impairment
  No 1
  Yes 0

FUNC score
% Functionally 
independent at 90 days

0–4 0
5–7 13
8 42
9–10 66
11 82

Total FUNC Score = 0–11
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Answer:
Many patients with ICH present with severe 
hypertension, which theoretically can exacer-
bate hemorrhage expansion and edema. Yet, 
 aggressive blood pressure control must be bal-
anced against the need for maintaining adequate 
cerebral perfusion pressure in those patients with 
large hemorrhages. Two randomized clinical tri-
als, INTERACT2 and ATACH2, have provided 
information about blood pressure goals. Both tri-
als randomized patients to either a systolic blood 
pressure of less than 140 or 180 mmHg. Neither 
trial demonstrated a benefit in primary outcome 
of death or major disability from aggressive 
blood pressure control, but there were some sec-
ondary outcomes suggesting possible benefit. 
Therefore, in patients where there is no concern 
for elevated ICP, a general approach is to rapidly 
correct blood pressure to <140 or < 160 mmHg 
for the first 24 h. Given the lack of clear evidence, 
practice is quite variable, and some centers still 
target an SBP <180 mmHg in the acute period. 
Aggressive hypertension control may cause rela-
tive or absolute hypotension, which can lead to 
end organ damage.

Question 11:
What antihypertensive should be used?

Answer:
Commonly used medications for blood pressure 
control initially after ICH include intermittent 
intravenous labetalol and continuous infusions 
of a calcium channel blocker. The two calcium 
channel blockers that are available for continu-
ous infusion are nicardipine and clevidipine. 
Clevidipine has a shorter half-life than nicardip-
ine, which allows the provider to more quickly 
titrate clevidipine so that the target blood pres-
sure can be met quickly and robustly maintained. 
Hydralazine is an option but it is a long acting 
medication and its clinical effect is not as easy to 
predict. Although readily titratable, nitroglycerin 
and sodium nitroprusside are generally avoided 
because they cause global cerebral vasodilatation 
and can lead to rebound cerebral hyperemia after 
they are stopped.

Reversal of Coagulopathy Prior to going to the 
operating room for an ICH, it is vital for the anes-
thesiologist to determine if the patient was taking 
any antiplatelet agents or an anticoagulant.

Aspirin (acetylsalicylic acid)
 – Patients commonly take aspirin on a daily 

basis for primary and secondary protection 
against myocardial infarction and ischemic 
strokes. Aspirin irreversibly binds with cyclo-
oxygenase- 1 enzyme leading to decreased 
thromboxane A2, which results in impaired 
platelet aggregation. The effect of aspirin lasts 
7 days, which is the duration of the platelet 
lifespan.

 – There is limited data in the literature regarding 
reversal of aspirin therapy after an acute intra-
cranial hemorrhage. Unless a patient is diag-
nosed with vWD Ty 2B (rare), they can receive 
DDAVP (trade name desmopressin) 0.4 μg/kg 
with minimal risks. The NCS recommends 
that no reversal be undertaken in nonsurgical 
candidates.

 – If the patient is planned for a surgical inter-
vention, it is recommended to test the platelet 
function. If this testing is not readily available, 
empiric platelet transfusion may be a reason-
able option. If there is documented platelet 
dysfunction then platelet transfusion is given 
to mitigate the salicylate effect. The suggested 
dose is a single donor apheresis unit or six 
pooled platelets for patients on aspirin alone. 
Then it is suggested to guide further transfu-
sions by repeated platelet function tests or to 
dose based on clinical judgment in the case of 
ongoing bleeding.

Clopidogrel
 – Clopidogrel is a P2Y12-ADP receptor inhibi-

tor that is prescribed along with aspirin to 
limit platelet-induced thrombus formation in 
patients with coronary or intracranial stents, 
as well as some patients with vasculopathies. 
Clopidogrel has an active metabolite that per-
sists after discontinuation of the medication. 
This metabolite can be persistent up to 4 days 
after the last dose of clopidogrel. Determine 
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the last dose taken and be aware of the possi-
bility of a prolonged effect secondary to the 
active metabolite.

 – Patients on clopidogrel have longer platelet 
inhibition that those on aspirin, though only 
one single donor apheresis unit or 6-pooled 
platelets is recomended for transfusion.

Vitamin K Antagonists
 – Vitamin K antagonists (VKAs) inhibit the syn-

thesis of vitamin K dependent coagulation fac-
tors in the liver including II, VII, IX, X resulting 
in a prolonged prothrombin time on laboratory 
testing. The most commonly used VKA is war-
farin. Providers should promptly reverse VKAs 
in patients with intracranial hemorrhage.

 – Evaluation of the INR will help to guide further 
management and dosing of reversal. All patients 
should receive 10  mg IV of vitamin K.  The 
effect of vitamin K has a delayed onset, though 
it creates a sustained reversal of the VKA.

 – Other methods to reverse VKAs include 
replacing the vitamin K dependent factors. It 
is recommended that reversal be carried about 
with prothrombin complex concentrates 
(PCC). PCCs contain factors II, VII, IX, X, 
protein C, and S. The amounts vary based on 
the method of manufacture. There are 3-factor 
PCCs and 4-factor PCCs, which differ in that 
the four factors contain appreciable amounts 
of factor VII, while 3-factor PCCs do not. The 
neurocritical care society strongly recom-
mends using 3 or 4 factor PCC in patients with 
an INR greater than 1.4 for intracranial hem-
orrhage reversal in patients on warfarin. Use 
of PCCs results in better functional outcomes, 
less hematoma expansion, and more reliable 
and faster INR reversal versus those receiving 
fresh frozen plasma (FFP).

 – If PCC is not possible at the institution, then 
FFP is a suitable alternative. FFP has advan-
tages that include widespread availability and 
lower cost. Conversely, FFP is associated with 
a longer time and a large volume required to 
correct the INR.

 – It is not recommended to use recombinant fac-
tor VIIa for reversal of VKAs due to the high 
thrombosis rate cited in clinical trials.

Direct Factor X Inhibitors
 – FX is a factor common to both the extrinsic 

and intrinsic pathways. Activated factor X 
inhibitors (FXa) block factor X (FX) activity. 
The current FXa inhibitors used in clinical 
practice are rivaroxaban, apixaban, and edoxa-
ban. Practitioners should determine the last 
dose of the FXa inhibitor for any patient who 
presents with ICH. If it is within 2 h of inges-
tion and the patient is not at risk for aspiration 
it is recommended to administer 50 g of char-
coal orally, which can reduce the drug expo-
sure by 50%.

 – Andexanet alfa is a recombinant FXa analog 
that competes with the native Xa to bind the 
currently available FXa inhibitors. It was 
FDA approved in 2018. For those that have 
access to this it may provide more complete 
anticoagulation reversal and should be con-
sidered first line. A recent trial administered 
andexanet alfa to patients taking anti-FXa 
medications who developed life-threatening 
bleeding due to gastrointestinal or intracra-
nial bleeds. Andexanet alfa was associated 
with reduced anti-FXa activity and was 
found to achieve hemostasis in 79% of the 
patients.

 – As an alternative to andexanet alpha, a num-
ber of studies demonstrated that 4-factor PCCs 
or activated PCCs achieved at least partial 
reversal of FXa inhibitors.

Direct Thrombin Inhibitors
 – Direct thrombin inhibitors (dabigatran, arg-

atroban, bivalirudin) work via inhibition of 
factor IIa which includes thrombin-mediated 
platelet activation and aggregation. For rever-
sal, determine the last dose and if more than 
3–5 half lives have passed simple discontinua-
tion may suffice in a patient with normal renal 
function.
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 – If a dose has been given within 2 h of presenta-
tion, administer oral activated charcoal. For dab-
igatran ingestion within 3–5 half lives or in 
patients with concurrent renal failure, we recom-
mend to administer idarucizumab 5 g IV. If ida-
rucizumab is not available or the direct thrombin 
inhibitor is not dabigatran give activated PCC or 
4-factor PCC. Using a 3- or 4-factor PCC has 
only been validated in animal studies and healthy 
volunteers. If the hemorrhage is significant and 
there is renal failure consider hemodialysis since 
dabigatran has a low protein binding (35%) and 
high rates of renal excretion.

Unfractionated Heparin (UFH)
 – UFH inhibits factor IIa and FXa via indirect 

mechanisms with antithrombin III.  For 

those patients with intracranial hemorrhage, 
first stop the heparin infusion. To dose prot-
amine determine heparin in the previous 3 h 
and give 1  mg of protamine per 100  units 
with a maximum dose of 50 mg. Subsequent 
dosing can be based on the follow-up  
PTT.

Low Molecular Weight Heparin (LMWH)
 – LMWHs includes enoxaparin and dalteparin, 

which bind to both FXa and FIIa. There is no 
specific reversal agent although protamine is 
given. The reversibility varies significantly. 
There has been some efficacy using FVIIa for 
reversal of LMWH. It is not recommended to 
reverse patients receiving prophylactic dosing 
of LMWH.

Reversal of Anticoagulation

Classification Agent Laboratory test Reversal Comments
Antiplatelet Aspirin Aspirin response 

assay
(1)  DDAVP 4mcg/kg
(2)  + surgical intervention, 

platelet transfusion, 1 
apheresis unit

If no aspirin response, 
and surgical intervention 
is planned, empiric 
platelet transfusion is 
reasonable

Clopidogrel n/a (1)  DDAVP 4cmg/kg
(2)  Platelets, 1 apheresis unit

Vitamin K 
antagonist

Warfarin PT/INR
If INR > 1.4 
reversal warranted

(1)  10 mg IV vitamin K
(2)  3- or 4-factor PCC 

(based on weight, PCC 
type, and INR)

If PCC not available FFP 
10–15 mL/kg

FXa 
antagonist

Rivaroxaban FX activity (1)  Charcoal 50 g if last 
dose <2 h

(2)  Andexanet alpha low 
dose/high dose regimen

If andexanet alpha is not 
available, 4-factor PCC 
or activated PCC 50 IU/
kg

Apixaban
Edoxaban

Direct 
thrombin 
inhibitor 
(DTI)

Dabigatran 
(oral)

No 
recommendations 
levels correlate with 
thrombin time 
(though not 
available in a timely 
fashion)

(1)  Charcoal 50 g if last 
dose <2 h

(2)  If dabigatran 
Idarucizumab 5 g IV

(3)  PCC or 4-factor PCCs 
(50 U/kg) if

Idarucizumab is not available 
or it is a DTI other than 
dabigatran

Consider hemodialysis if 
renal insufficiency or 
dabigatran OD or if 
idarucizumab is 
unavailable

Desirudin 
(subcutaneous)
Bilirudin (IV)
Argatroban 
(IV)

Heparin Unfractionated 
heparin

PTT, FXa (1)  Protamine Maximum dose of 50 mg 
for the first dose

Low 
molecular 
weight 
heparin 
(LMWH)

Enoxaparin FXa (1)  Reversal when using full 
anticoagulation dosing

(2)  Protamine

If protamine is 
contraindicated, consider 
FVIIa (90mcg/kg IV)

Dalteparin
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32.2  Intraoperative

32.2.1  Surgical Intervention

Question 12:
Should clot evacuation with craniotomy be per-
formed for a patient with supratentorial CINCH?

Answer:
For patients with supratentorial ICH, acute surgi-
cal intervention for clot evacuation and decom-
pressive craniectomy is indicated only in those 
patients with clear mass effect leading to hernia-
tion. STITCH I and II trials randomized patients 
to early surgical evacuation or medical manage-
ment and demonstrated that there is no role for 
early operative intervention of supratentorial 
bleeds in the absence of substantial mass effect 
causing decreased level of arousal. The STICH 
II analysis used lower age, smaller hematoma 
size, and higher initial Glascow Coma Scale 
and found that for patients with good prognos-
tic scores, an initial conservative approach is 
warranted.

Question 13:
What are possible minimally invasive techniques 
for supratentorial ICHs?

Answer:
Advances in surgical technique and inferior 
results with craniotomy have led to an era of 
minimally invasive approaches of clot evacuation 
in supratentorial ICHs. MISTIE protocols allow 
for stereotactic catheter placement and aspiration 
of hematoma combined with fibrinolytic agents. 
MISTIE II and III trials randomized patients to 
standard medical management versus catheter 
placement with hematoma aspiration and fibrino-
lytic administration. The MISTIEII trial demon-
strated safety and provided reproducible results. 
Patients who received the intervention demon-
strated improved modified Rankin Scores (mRS) 
at 12 months that was greater for patients where 
a larger clot burden was removed. Although 
the intervention was associated with increased 
brain re-bleeding (9.7 versus 5.0%), mortality 
was equal between groups. However, MISTIE 

III showed no difference in mRS at 365  days 
between the intervention and control groups.

The ENRICH trial is also ongoing and aims to 
compare early hematoma evacuation using mini-
mally invasive parafascicular surgery (MIPS) 
compared to medical management alone for 
moderate and large hematomas. MIPS is type 
of surgical system whereby surgical ports are 
placed in sulci and thus between lobes in order 
to minimize parenchymal trauma. Preliminary 
studies using this technique are promising and 
will be applied to a large cohort with full results 
expected in 2020.

Question 14:
When should the placement of an external ven-
tricular drain (EVD) occur?

Answer:
Intraventricular hemorrhage (IVH) occurs in 
40% of patients with ICH and is an independent 
factor associated with poor long-term outcomes. 
Development of hydrocephalus is a common 
complication of ICH, especially if there is IVH 
and occurs in up to 50% of cases. Hydrocephalus 
can lead to elevated ICP necessitating place-
ment of an EVD to provide both ventricular 
drainage of CSF and allow for monitoring of 
ICP.  Hydrocephalus is seen more frequently in 
younger patients, those with lower GCS and with 
deep hemorrhages. For patients with GCS  <  8, 
evidence of herniation, extensive IVH, or hydro-
cephalus, the placement of an ICP monitor should 
be considered.

Question 15:
Are there other techniques to improve outcomes 
for ICH with IVE?

Answer:
Despite the use of EVDs to control hydrocephalus, 
patient outcomes for ICH with IVE remains poor. 
Intraventricular tPA via EVD has shown to accel-
erate clot removal without increasing bleeding or 
causing ventriculitis in some patients with exten-
sive IVH.  Given this, a randomized controlled 
trial, CLEAR III, was designed to assess whether 
intraventricular administration of fibrinolytics 
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through a ventricular drain improved outcomes. 
Patients within the treatment arm with small or 
moderate size ICH (< 30 mL) received alteplase 
via ventriculostomy catheters in effort to resolve 
intraventricular clot burden, whereas controls 
received saline injections via their EVDs. There 
were similar rates of good functional outcomes at 
6 months between the two groups but mortality 
was lower in the alteplase group, although there 
was a concurrent increase in severe disability in 
those who survived. The failure to show benefit 
from the intervention may be related to poor goal 
achievement as the blood reduction goal was only 
achieved in 30% of alteplase recipients. Even 
though the results were neutral, CLEAR III did 
demonstrate safety and low rates of complications 
(infection, re- hemorrhage, and death), and pro-
vides a basis for further studies of more aggres-
sive clearance.

Question 16:
When should neurosurgery be done for patients 
with infratentorial ICHs?

Answer:
Patients with cerebellar hemorrhages >3  cm in 
diameter or with symptomatic mass effect from 
a hemorrhage, should undergo decompression 
(suboccipital) as soon as possible. The infraten-
torial space is small and has poor elastance so any 
increase in infratentorial volume is transmitted 
onto the pons and medulla, making this condition 
life-threatening. The use of an EVD in this sce-
nario is not sufficient and could lead to upward 
herniation, worsening outcomes.

32.2.2  Induction

Question 17:
How would you induce anesthesia in this patient? 
What are your hemodynamic goals during induc-
tion of anesthesia?

Answer:
During induction of anesthesia in a patient with 
an intracranial hemorrhage it is likely that these 
patients have elevated ICP and the anesthesiolo-

gist must maintain cerebral perfusion pressure 
(CPP). A smooth induction is imperative. The 
titration of anesthetic agents is used to avoid 
hypertension with laryngoscopy and tracheal 
intubation. Paralytic is used to avoid cough-
ing upon tracheal intubation in to avoid further 
increases in ICP.

Question 18:
Would you premedicate this patient?

Answer:
Typically, in patients presenting with an intra-
cranial hemorrhage, acutely there is an altered 
level of consciousness when they come to the 
operating room rendering no need for anxiolytic 
agents. These agents produce a decrease in con-
sciousness, leading to a depressed respiratory 
drive resulting in elevated pCO2 and cerebral 
vasodilation. Furthermore, these agents may 
delay a rapid emergence from anesthesia mak-
ing a timely postoperative neurologic assess-
ment difficult. Premedication is determined on 
an individual basis and some patients with a 
better clinical grade may benefit from premedi-
cation that is slowly titrated to reduce anxiety 
and any hypertension associated with it prior to 
induction.

Question 19:
Prior to induction how would you decrease ICP? 
Or avoid further increases?

Answer:
Prior to induction, it is critical to avoid further 
elevation in ICP due to the risk of possible hernia-
tion, while maintaining CPP. Start with the patient 
in a head up position to promote venous drainage 
and minimize positional changes in ICP. Before 
induction, during the pre- oxygenation phase, 
the anesthesiologist must avoid hypoventilation. 
This period of hypoventilation as well as long 
periods of apnea must be avoided, as it is associ-
ated with a predictable rise in pCO2 and cerebral 
vasodilation.

Question 20:
What induction agents would you use?
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Answer:
The ideal agent to induce hypnosis is an agent 
that causes cerebral vasoconstriction, decreases 
cerebral blood flow, and reduces the cerebral 
metabolic rate leading to decreased intracranial 
pressure. One can use propofol, etomidate, or 
thiopental (not currently in the US) all of which 
achieve these goals. These agents can all be used 
safely in a patient with elevated ICP as long as 
they are dosed and titrated appropriately for the 
each patient and take into account their comor-
bidities. Other agents such as ketamine previ-
ously have been associated with elevations in 
intracranial pressure and cerebral blood flow, 
but literature suggests that this is not true. Some 
studies suggest there is a decrease in ICP with 
ketamine bolus dosing and using ketamine in a 
hemodynamically unstable trauma patient it is a 
reasonable option for induction.

Question 21:
How would you blunt the hemodynamic response 
to direct laryngoscopy and tracheal intubation?

Answer:
Practitioners can employ several different strat-
egies to reduce the hemodynamic response 
to stimulation. Overall, the goal is to blunt the 
sympathetic response to avoid further elevation 
in ICP.  Agents such as lidocaine 1.5–2.0  mg/
kg, esmolol or short acting opioids are used to 
blunt the hypertensive response seen with intu-
bation. Beware with these medications that some 
result in significant hypotension and should be 
titrated carefully. Many anesthesiologists strive 
to decrease blood pressure about 20% from base-
line just prior to direct laryngoscopy in anticipa-
tion of the blood pressure and heart rate response 
during intubation.

Question 22:
What muscle relaxant would you use?

Answer:
Muscle relaxation is of great importance to avoid 
coughing and minimize the stimulation associ-
ated with direct laryngoscopy and tracheal intu-
bation. The use of a depolarizing agent such as 
succinylcholine is used for its fast onset and 

quick metabolism. Many older studies suggest 
that it increases ICP, while a few newer studies 
suggest there is no elevation in ICP. Due to the 
lack of evidence, and few incidences of docu-
mented mortalities associated with succinylcho-
line in patients with elevated ICP, one can assume 
that it is probably safe to use in clinical situations. 
Other ways to decrease the possible elevation in 
ICP with succinylcholine is by using hyperventi-
lation and using a de-fasciculation dose prior to 
administering succinylcholine. These strategies 
may offset the possible increase in ICP.  Other 
caveats; determine if the patient is in the acute 
phase of an ICH in which succinylcholine is safe 
to use. While using succinylcholine in a patient 
in the subacute or chronic phase of an illness 
with associated motor deficits could be associ-
ated with a significant potassium rise resulting in 
cardiac arrhythmias or arrest.

Many providers prefer using a non- 
depolarizing agent such as rocuronium, which is 
not associated with an elevation in ICP. It has a 
similar onset time as succinylcholine when using 
a dose of 1.2 mg/kg and now can be reversed with 
sugammadex 16  mg/kg. Another consideration 
with the use of a non-depolarizing agent is to 
determine the neuromonitoring used, especially 
if MEPs are planned, as this is not compatible 
with neuromuscular blockade.

Once muscle relaxant is given, one must 
ensure that paralysis at the neuromuscular junc-
tions is completed prior to tracheal intubation 
to avoid coughing. If the blood pressure con-
tinues to elevate on starting laryngoscopy cease 
the intubation and continue to titrate additional 
adjuncts to ensure no increase in ICP during tra-
cheal intubation.

32.2.3  Maintenance of Anesthesia 
and Early Tracheostomy

Question 23:
What are your goals during maintenance of 
anesthesia?

Answer:
The four major goals during anesthesia for crani-
otomy for aneurysm clipping are to (1) maintain 
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CPP (2) brain relaxation, minimize surgical retrac-
tion (3) rapid titration of BP and rapid emergence 
from anesthesia.

Question 24:
How can you achieve brain relaxation? How long 
do these measures last?

Answer:
The first step in achieving surgical relaxation is 
placing the patient in a position that will promote 
venous drainage, even 10% reverse trendelenberg 
will suffice. The most rapid means of achieving 
surgical exposure is via hyperventilation. For 
each 1 mmHg of pCO2 change there is a concur-
rent 2–3% change in cerebral blood flow. The 
typical goal is to achieve a pCO2 between 30 and 
35 mmHg. These changes are seen almost imme-
diately, and the effects last around 8 h. The goal 
is to relax the brain via cerebral vasoconstric-
tion while avoiding cerebral ischemia. Another 
method is via osmotic agent or hypertonic saline. 
A lumbar drain may be placed to allow further 
decrease of intracranial pressure and there should 
be extreme caution when placing, as drainage of 
too much CSF can result in herniation.

Question 25:
What are you goals for emergence? Which 
patients should you consider early tracheostomy?

Answer:
Recovery of patients after ICH is unpredictable. 
If there is uncertainty for neurological recovery 
postoperatively we would advise to leave the 
endotracheal tube in place and maintain controlled 
ventilation. During transportation, sedation is 
critical to avoid the patient awaking causing ele-
vation of blood pressure and increases in ICP. If 
preoperatively, the patient did not have signifi-
cant neurologic deficits and the patient remained 
hemodynamically stable consideration for extu-
bation is reasonable. For the extubation it is simi-
lar to induction, the goal is to avoid coughing with 
further elevation of ICP and blood pressure.

In patients with significant ICH or ischemic 
strokes the TRACH score was developed in 
order to try and predict those patients who would 

require a tracheostomy. The study looked at 41 
patients and determined the independent predic-
tors for requiring a tracheostomy. They included 
the GCS, location of the hemorrhage, presence 
of hydrocephalus, and septum pellucidum shift. 
In order to calculate this, first the R-scale is 
determined;

 R Scale L H S- = + +  

L = Location, +2 thalamus.
H = Hydrocephalus, if present +1.5.
S = Septum pellucidum if present +3

 
TRACH score R scale GCS= + ´( ) ´( )3 1 0 5- - .

 

TRACH scores of zero, +1, and +2 predict a 
50%, 80%, and 90% chance of the need for a tra-
cheostomy, respectively.

The TRACH score was found to have a sen-
sitivity of 94% with specificity of 83% in their 
population of patients. The Trach Score attempts 
to predict those patients who will require a trache-
ostomy, but it does not elicit if there is a benefit to 
early tracheostomy. The SET POINT trial looked 
to determine if early tracheostomy (defined as 
within 3 days of intubation) was associated with 
a shortened ICU admission compared to standard 
tracheostomy (defined as 7–14 days post intuba-
tion). It found no difference in length of ICU stay, 
but did have a decreased sedation requirement for 
patients who had early tracheostomy versus stan-
dard management. The study did find that there 
was a six-month mortality benefit in those who had 
early tracheostomy placement but due to the small 
sample size, a larger, multicenter trial called the 
SET POINT 2 trial is currently being conducted. 
The primary outcome measure is six-month mor-
tality benefits in patients with early tracheostomy.

Determining if a patient with an ICH requires 
a tracheostomy may benefit from using the 
TRACH score and other clinical data points to 
help determine if early tracheostomy may be of 
value in patients. It may improve mortality in this 
subset of patients and provides expedited ventila-
tor weaning trials as well.
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32.3  Postoperative

32.3.1  Seizures

Question 26:
What is the incidence of seizures after ICH?

Answer:
Incidence of seizures varies significantly depend-
ing on the study and the more recent widespread 
use of continuous EEG.  The incidence is any-
where from 1.7 to 31%. Seizures usually develop 
early after spontaneous ICH, with 90% of sei-
zures occurring within the first 3  days but can 
occur 7–14 days from hemorrhage onset. There 
is also a risk of late seizure development, with 
unclear etiology and incidence. Seizures can 
either be convulsive or nonconvulsive in semiol-
ogy. Proximity of ICH to the cortex is the most 
consistent risk factor associated with seizure 
development, but critically ill patients with either 
subcortical and infratentorial ICHs are also at 
high risk for seizures. The CAVE score is one 
prognostic tool to determine the risk of seizure 
development, however, its performance in valida-
tion has been low.

Question 27:
Should prophylactic antiepileptic drugs be initi-
ated after ICH?

Answer:
Both the 2015 American Heart Association and 
2014 ESO guidelines do not recommend the 
use of prophylactic antiepileptic drugs (AEDs), 
since no studies currently have shown neurologic 
functional or mortality benefit from prophylactic 
AED administration. As well, studies have not yet 
shown the use of prophylactic AEDs preventing 
the development of long-term epilepsy. However, 
data is limited given the lack of prospective ran-
domized control trials available for prophylactic 
AED use after ICH.

Question 28:
When should a continuous EEG be used and for 
how long?

Answer:
Given that prophylactic AED use is not recom-
mended after ICH, continuous EEG (cEEG) can 
be used to monitor for nonconvulsive seizures 
with the goal of preventing secondary brain injury 
by starting AEDs and stopping future seizures 
from occurring. There should be a low threshold 
for cEEG monitoring. Patients with depressed 
mental status or fluctuating level of conscious-
ness, active or impending herniation, or cortical 
location (involving or within 1 mm of cortex) are 
considered high risk for developing seizures and 
so should be placed on continuous EEG to moni-
tor for nonconvulsive seizures. Monitoring with 
continuous EEG for at least 24–48 h is advised. 
If the patient is comatose, then monitoring should 
occur for 48 h because there is high likelihood of 
detecting seizures after the initial 24  h. If con-
tinuous EEG is not available in patients with high 
risk features, then it is reasonable to administer 
AEDs for at least 7 days.

32.3.2  Temperature Management 
and Anticoagulation

Question 29:
Why should patients with ICH be monitored 
for fevers? When should patients be treated for 
fevers and how?

Answer:
Fevers are common after ICH and have been 
independently associated with worse outcomes. 
A temperature >38.5 °C should be treated how-
ever, consideration should be given for treating 
elevated temperatures below 38.5 °C. Sustained 
fevers can be addressed with acetaminophen, 
cooled saline infusion, or cooling blankets. If 
fevers are refractory, temperature targeted man-
agement can be initiated with endovascular 
cooling.

Question 30:
When should venous thrombemobolism (VTE) 
chemoprophylaxis therapy be initiated?
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Answer:
Hematoma expansion occurs within the first 
few hours up to the first 24  h. Given concerns 
for re- bleeding, VTE in patients with ICH is a 
problematic complication to treat. Almost 15% 
of ICH patients will develop DVT within the first 
30 days, and approximately 80% of these occur 
within the first 10 days (CLOTS I trial). A multi-
center, large retrospective review of over 575,000 
patients from 2004 to 2013 examined trends in 
medical complications including VTE after ICH 
and showed that the prevalence of deep venous 
thrombus was 2.7% and pulmonary embolism 
was 0.7%.

Overall, data on VTE prophylaxis efficacy is 
limited in patients with ICH.  During the initial 
window for hematoma expansion, SCDs were 
found to reduce occurrence of proximal DVT 
when implemented on day of admission (CLOTS 
3 trial). With regard to types of parenteral VTE 
prophylaxis, direct comparisons of efficacy of 
low dose unfractionated heparin (UFH) ver-
sus low molecular weight heparin (LMWH) are 
inconclusive, though both are thought to be likely 
safe. A meta-analysis of more than 1000 patients 
with ICH found initiation of LMWH or UFH 
started 1–6 days after ictus reduced rates of PE 
but not DVT, and were not associated with hema-
toma enlargement.

The 2015 guidelines from the American Heart 
Association/American Stroke Association based 
on available data provide a general approach to 
ICH patient care. The current recommendations 
are as follows: In the first 24  h of admission, 
SCDs use is recommended in all patients with 
ICH (Class 1, Level B). After 24–96 h (1–4 days) 
and documented cessation of bleeding, prophy-
lactic low dose UFH or LMWH can be started, 
especially in those considered to be high risk 
(bed-bound, hemi-paretic) (Class 2b, Level B).

Multiple Choice Questions
 1. Which one is not commonly associated with 

ICH?
 (a) Cerebral amyloid angiopathy.
 (b) Antithrombotic therapy.
 (c) Reversible cerebral vasoconstriction syn-

drome, PRES, eclampsia.

 (d) Vascular malformations.
 (e) All of the above are associated with ICH.

Answer: Reversible cerebral vasoconstric-
tion syndrome, PRES and preeclampsia are 
relatively rare etiologies of ICH. However, 
a personal history of Pregnancy Induced 
Hypertension or preeclampsia may increase 
the risk of ICH later in life.

 2. A 59-year-old male on aspirin and hydrochlo-
rothiazide is brought to the emergency depart-
ment with altered mental status. A CT head 
was completed, showing a supratentorial 
intracranial hemorrhage and neurosurgery 
plans to take him to the operating room for 
emergent craniotomy. The patient’s aspirin 
response assay was abnormal. What is the best 
course of action for reversal of this patient’s 
aspirin therapy?
 (a) Nothing, it does not warrant reversal.
 (b) Give platelets and FFP.
 (c) DDAVP and one unit apheresis platelets.
 (d) DDAVP only.

Answer: The NCS has published that due 
to the low risk of serious side effects and the 
relatively low cost, providers should consider 
administering a single dose of DDAVP (0.4 
mcg/kg) in intracranial hemorrhage patients 
exposed to antiplatelet agents. Further, any 
ICH patients should receive DDAVP in addi-
tion to a platelet transfusion prior to any neu-
rosurgical procedures.

 3. A 72-year-old woman with a past medical 
history of hypertension, breast cancer, and 
dementia presented to an outlying hospital 
after being found down. A CT angiogram at 
the outside facility demonstrated a “bright 
spot” that was noted on your report. What is 
the significance of this radiographic 
finding?
 (a) The etiology is likely amyloid 

angiopathy.
 (b) The etiology is likely hypertension.
 (c) The etiology is likely a metastatic lesion.
 (d) It worsens the patient’s prognosis.
 (e) It warrants transfusion of clotting factors 

and/or platelets.
Answer: A “bright spot” on a CT angiogram 

of the head is also known as “spot sign.” It is 

A. Steinberg et al.



457

significant in that it demonstrates active extrav-
asation into the hematoma bed. It also portends 
a poor prognosis. Its presence is not specific for 
a particular etiology for the hemorrhage. “Spot 
sign” alone does not warrant transfusion.

 4. Which of the following does NOT raise the 
ICH score?
 (a) Infratentorial location.
 (b) INR 2.2.
 (c) ICH volume 30 cm3.
 (d) Patient age 80 years.
 (e) Aphasia.

Answer: INR or any other marker of 
coagulopathy is not a part of the ICH score. 
An ICH Volume greater than or equal to 
30 cm3 increases the ICH score. Patient age 
greater than or equal to 80 years increases the 
ICH score. While not a specific part of the 
ICH score, aphasia reduces the GCS and a 
reduced GCS increases the ICH score and 
portends a poorer prognosis. 
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