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Anesthetic consideration and management of awake craniotomy

Hui ¥ang, MD PhD
Clinical Assistant Profesyor
Cleveland Clinie Lerner College of Medicine (CCLCM) of Case Western Feserve University
Cleveland Clinge, Cleveland, OH 44105 TSA

Awake cramotomy refers to an intracramal surgety performad while the patient 15 1n a stafe
of awareness allowing for cooperation wath funchional testing of the cortex: This techmigueis a
gold standard of cars for neurosurgical interventions requiring hissue resection within or close to
the eloquent braig areas tavolved in motor, visual, language function or short-term memory !
The rorbcal magping during gwalke craniotomy enablzs the identficab ot of tortical and
subcortical nstworks respensible Tor individual patiznt’s ngurelegieal functions and allows
‘maxmal removal of lesions while preserving neurclogical and cogmtive function ? Awalke
crantotomy bas been ongnally adepted for the surgieal treatmeant of intractable epilepay, andin
recent decades has been widely camed out for both low-grade mnd high-grade ghomas rezzction 3
and for other l2sions close to eloquent brain arsas (e.g | cerebral ansurysm *, vestibular
schwannomas *) Compared with eraniotomy under general anssthesia (GA), awaks craniotomy
15 associated with greater extent of tumeor ressction, lowsranadence of postoperative
neurological deficit 9, shartsr hospital stays, and longer surmval after brawn tumor resection !
Aside from the surmical benefits, awake craniotomy 15 also aszociated with less szposurs to GA,
less hemodynamic and physiolegical disturbances, less postoperative nausea and vomiting and
lower postoperative pain scorss daspitz raduced narcotic ugz? Bacently, awake craniotomy kas
been studied as a potential outpatient procedure and some reports.showed it 13 a feasible option
in carefully seleciad patents undergoing supratentonal tmmer jurgery on an outpaheént basis P

Preoperative patient selection and preparation

Appropnate pahient szlection and preparation are crucial to procedural sucecese The absolute
pontraindications for awake cramiotomy are patient refusal  and 1nability to cooperate (e g.,
deerznsed level of consmbusnzss) ¥ Some medical condiions may maks thissurgery
challengng, including obeuty, OSA, difficult mirway, seizurs lustory, psyeluatnic disorders,
thronic cough, severe GERED, pregnancy, heaning or language barner, pediatric population, and
challenging tumer pathelogy (22, largs and deep-seated tumors, highly vascular lesions)
Strategic anesthetiz planning talored to sach individual patient and a skilled multidiseiplinary
team are sssential for the procedural success

Aswak= cramotomy requires a highly motivated and cooperative patient Preoperative
preparation 15 of ntmest importamce Apprommately one quarter of patients report significant
anxiety prior to avwake bramn surgery. Thus cani be mitigated by providing comprehiennive
pET] -:-pﬂ:atwe uiformation and support, which should begin as soon as the patient 1s scheduled for
awake cramictomy "' Dunng the preanesthetic visit, an anesthesiologist should take this
opportunity to establish gauﬂ rapport with the patiznt, sutline the procedure in detail
(pesmtioning, scalp nerve block, airway management, and motor and languags testng), counsel
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the patient regarding the:discomfort encountersd during surgery, sezk the opportunity for coping
method (e g, preferred music), address their concemns and provide reassurancss Since an
anzsthemologst1sin heanng rangs:and visible to the patvent-at-all i e dunng the procedire,
patients often r=ly on the anesthesiologist at imes of stress dunng surgery A zood patient-
an=sthemologst rapport 15, therefore; crumal to the snceess of awale cramotomy U Tn addition,
participation of the nenropsychologist responsible for intracperative teshing 1s very important
even at thus stage of care B Comprehensive multcompenent psycheological preparation and the
zstablishment of a trusting relabonship between the patient and surgical team 1n most cases allow
us to avord or minimize the use of sedative premedication !

Preoperative anxiolytics for patents with significant an=:ety should be added judiciously.
Betzodiazepines (esp. midazolam) are cotmmon choices The addition of these medicabhions
should be balanced against the nsk of altered mental status or falure to aronse for intraoperative
testing, and respiratery insutficiency leading to hypercapnia and raised ICP Some centers report
using no sedaiion at all, some centers start the loading infusion of dezmedetomiding upon entry
to the operating room ¥ Oral Tylenol may be taken preoperatively to alleviate intraoperative
headache

Intraoperative anesthetic management
Goals

The eseential goals of anesthefic managem 2nt for a sucesssful awake craniotomy melude
mazimizing g patteat’ s comfort and tolerance of the procedure; ensuning adeguate bran
relazation and hemodynamic stability, and ensunng a rapid and smooth emsrgence for
itraoperative spesch, meamory or motor testing

Common anesthetic approaches

Two dominant anzsthetic approaches; conscious sedation {C5) and aslezp—awake—asleep
(AAA), ars widely tsed in awake cramotomy with no evidence that oné techiqus 15 supensr to
the other "' With ©F approach, patients are sedated but readily aronsable and able to maintam
spontaneous breathing before and after neurological testing. With AAA approach, patients are
unconseious under GA wath or without mechanical ventlanon (LMA or ETT) beferz and after
-neurological testing The advantages of C5 approach include stable hemodynamies, less delinum
and agitation upon emergence for teshing, less couglung due to absence of a LMA or ETT
Hows=ver, there ar= rizks of pan and anxiety. sudden movement, airway obstruction, elevated
ICP due to respiratory wisufficiency with CU approach. The advantagss of AAA approach with
intubation (LMA or ETT) include bettzr patient comfort, no patient movement, controllad
arway, ability to hyperventilats and less brain swelling However, thers are nsks of
hemeodynamic fluctuations, dehinim and agitation upon emergence for testing, shivering,
coughing and scalp laceration from head pins upon extubation. drowmness from residual
an=sthetics, and nausea'and vomihng The AAA approach withoutairway mmtubation (£ g, nasal
cannula, oxyeen mask) carties higher nsks of airway obstruction and slevated ICP than CF
approach due to higher level of sedatien

yge 11|78
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Anssthetic management

Two large-bore IV, artzrial line and unnary catheter are nsually placed afier the patient s
:gedated A comprehensive pian for supporting orsecunng the arway emesgently should bean
place Fatisnts who are allowed to breath= spontancounsly with supplemental ozygen nzedto be
watched for airway obstruction High-flow nasal cannulais an air oxygen blender supplying
humidified arr and suygen mixturs with control of FiO2from 0 2to 1.0 It has recently been
reportad to facilitate awale craniotomy in the morbid obese patients ' Iasopharyngeal or
oropharyngeal srway may be inserted to allamate mrway obstruction, however, thensks of nose
bla=ding, coughing and inéreasad darway secretion should be kept i mund Respiratory
insufficiency and hypercapma may lead to elevated ICE and cerebral edema If airway
abstruction aggravates rapidly to enitical sttuahion, assisted ventilation with an LMA or ETT
ingertion wall be mdicated Advanced mrway equipment (video laryngoscope, fiberoptie
bronchoscops) should be readily avalable to assist emergentintubation in a patent whose head
1z punnad and turned i sems Jatéral pontion

Awadke craniotomy performed in the interventional MET suite (IME.LT) all ows 1dentification
of residual tumor by repeated imaging dunng surgery The combination of awaks craniotomy
and wntracperative MBI Facilitates the dial goals of mazumal tumor removal wath miuitmal
functional consequences V¥ In many centers, an LMA 15 placed before each intraoperative MEI
gcanmng, sinte 2 patient’s headwnll be covered by th=stenle drape and lus or her anrway wall
become invisible and inaccessible after the he or she isin the MET scanner

The mmnstay of analgesia for awakes craniotomy is a regional bleck Incisional pmn can be
‘managed with local ansstheticsinfiltratton along the inciston line-and the pin sites. Many centers
wse scalp blotks to mors efficiently block thes six nerves which provide sensory tnervation to
the spalp (the greater and lesser ocaipital nerves, great aunicular, auniculotemporal.
zyzoinabcotemporal, supratrochlear and supracrbital narves) ¥* However, even with sucoessful
scalp blocks, patients often expenence pun dinng surgical resection Usually, these sensations
arz astociated with manipulations of the skull-base structures or tractzon of pan-sensitive
structurss = Dunng surgical resection, the surgzong may wfiltrate the arcas close to mflections
of the dura and major arteries (the duramater of the skull base, the falz cerebn, and the
leptomeninges of thie lateral fissure and neighbionng sulel) with local anesthetics, as those areas
are sensitive to pan ¥ In addition, the surgeons need to avord traction of pain-sensitiva
sstructures to minimizentracperative pam andamprove a patient's satsfaction

Besides the surgieal manipulation, there are other resources of discomfort or imtation that-an
an=sthesiologist must Lesp in mind and attémpt to alleviate asmuch ag posziblete facilitate a
patient's cooperation These include thurst, cold temperature, posittoning discomfort, irmtation
from wnnary catlieter, lines (artepral line, IVs), nght-fithng oxygen mask or hasal trumpet,
mability to see the surroundings Tt would be helpful to provide mouth motsture swab, warm
bianket, adequate padding to pressure points, face tent (instead of tight-fiting cxygen mask),
numbing the nostril before insertion of nasal trumpet. and tent the drape upward from the patiznt
for hetter vispalization and reduce a patient’s sense of claustrophobia Patients’ favonte music
tould be played in the dperating room to help to alleviate their anwiety Verbal guidance and
rEasq'uraﬁi:: should be offered throughout the awake portion durtng the neurclogical testing, he or
she must be reassured thatinveoluntary moevements and speech patteres may occur as a result of
corfical stimulation by the surgical team

yge 12|75
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Befors and after neurological testing, zither IV gedatives or volatile agent may be uged for
patients under GA with controlled ventilation (LMA or ETT) Inhalational anesthetics, such as
sevoflurane, hias the petential to merease ICF andinduce nausea and vomiting dunng swakes
stage. If the plan 15 to maintain a patisnt’s spontaneous braathing with either CF or AAA
approach, IV infusion of propofel solely or in combination with dezmedetomidine or
remifentanil hag been used with success Careful titration of the IV sedatives to achieve the
ahove-mentioned zoals1s the ey Cptimal sedation level 13 one that renders a patisnt drowsy but
readily arousable. It takesslall and expenence to achreve this balances 1n the complex setting of
awake crantotomiss Bemifentaml may facilitate analgesia and sedation, however, nsk of
respiratory depression 13 higher ! Dexmedstomiding, aselective alpha 2 agonist with sedative,
anxiolytic, analgesic, sympatholytic and epioid-sparing properties, hag minimal impact on
neuronal function and causes minimal respiratory depression when using a low dose, maling 1t
particul arly suttable for sedahon duning awake craniotomy 2 Although lugh-doss
dezmedetomidine may emise bradycardia, hypotension and prolonged recovery from sadatien,
:such doses are rarely required dunng awake craniotomy ! Prepofol should be discontinued at
least 15 minutes before EEG recording Despite prompt awakening, propefol leaves a residual
EEG footprnt charactenized by high-frequency, high-amplitude [ activity that can obscure the
abnormal actrvity thatis betng sought 1n the cortical surface EEG Y In order to alleviate a
patient’s anxmety, discomfort and movement during neurological testing, there are case reports
that very low dose of dezmedstomidine or remufentam] infusion has been maintained and tntrated
to effective patient cooperation dunng the teshing partion 23 There was a concein that adequate
rortical stimulation could not oceur with engoing sedation but studies have shown 1t can be used
during the tesing *

The clinical benefits of awake craniotomy and the quality of intracperative brain mapping
‘highly depend on the quality of intraoperative emergence and speech interacthion with the patient
dunng the surgery. The sedation profile dunng the pre-awake phass (1.2, sealp incision, bons
flap removwal, dura opening) plays a crucial rolz w1 the quality of intraoperative emergence With
sudden movements, coughing and delinum upon emergence, patients ars at risk of scalp
laterations dus to pin shippage, contamination of the eperation fizld, and oth=r injury ¥
Anesthetic plan should be tailored to achieve arapid and smooth emergence and make it posnble
to restore a pahent s preoperatrve level of consaiousness for neuropsychologieal testing to be ran
succzssiully '

Intraoperative complications

Althouzh very safe in exzperienced hands, awaks craniotomy 15 associatad with soms well
recogmeed complications ¥ In addition to those discussed previously (atrway obstruction,
delirsum and restlegsness upon emergetice, madequate analgesia), nansea and vemiting, brain

swelling *® and ssizures may occur dunng awale cranmrotomy ! Other rarer events, such as
macroglossia ¥ and aceidental intracerebral injection of local anesthetics dunng scalp block =,
‘have also been reported '

Iausea or vomiting duning awake rrantotomy is a serious safety concern sinee it may lead to
ingredsed nsk of aspiration and madvertent bram swelling B Administration of prophylactic
antiemetics 15 advisable, especially of narcotics are administered in patients with multple sk
factors for PONV Tsing antismetics from different pharmacological mechanisms at the

yge 18| 75
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beginning of the procedurs may help achieve optimal eutcome Other measures may include
gentle manipulation of the dura and himitation of narcotic usags U

ﬁitha-ugh spentaneons venttlatton may assistin keeping the bramn-relazed due to mantenance
of negahiventrathoracic pressure and promotion of cerabral venous outflow, spentaneous
ventilation under sedation may pose the problem of brain swelling due to hypercapma resulting
from decreased respiratory effort and aurway obstruction * There are a few maneuvers that may
improve the concitions ¥ including elevabing the head, decreasing sedation to improve
respiration and use of manmitel erfurcsemide Cne should keepin mind that mnsarting
nasopharyngzal or oropharyngeal airway or applving jaw thrust te unprovs respiration may
trigger patient movement, coughing and straming leading to worsemng bran swelling If there1s
no addittonal nesd for a patient’s cooperation, GA could be induced wnth placement of ETT or
LA to initiate hyparventilation

Duning elzctrical cortical shmulation, an anesthesiclogist should be prepared to treat grand
mal serzures. The mamn risk factors for intravperative serzures are lustory of preoperative seizures
and frontal lobe umors ¥, although preoperative antiepileptic medication propliylazis did not
show benefits of ssizures prevention in bramn tumeor resection 3 Seizures usually stop with
ceggaton of certical stunulatton or with imgation of the cortez wnth cold saline When gazures
are not salf-limited, pharmacologic intervention (¢ g, with propefol 1n increments of 0 5-1.0
mg/kg) may be warranted However, propofel should be wathheld briefly until 1t 15 clear that the
seizure is net going to terminate spentansously because it may interfere with subsequent EEG
localization for a while 3 Other anticonvulsants, such as benzodiazepam, may not be optimal
due to slowsr clearance and possible interfersnce with further funchional testing, Postictal
drowsinzss, respiratory depression, and hypotension may occur Be preparsd to convert to GA
and tecure the airway wath ETT or LMA 1f necessary.

Conclosion

Appropnate patient selection and preparation are crufial to the procedural suctess Every
effort sheuld be made to alleviate a patient’s discomfort to facilitate hiz or her cooperation and
tolerance of the procedure Eegardless of the chosen anesthetic approach, the goal 15 to achieve
hemodynamic stability, adequate brain relazation, and rapid and smooth emerzzuce for
neurological testng A comprehensive plan for supporting or secuning the airway emergently
should be w1 place Anssthiesin providers should be prepared to treat intraoperauve complitations
mcluding bran swelling and se1zures dunng awake craniotomy Strategic anesthetic planming
tailored te-each andividual patient and a skilled multichsciplinary team are =ssential for the
success of awake cranistomy
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The role of ICPNT in Standardization of Neuroanesthesiology
Fellowships

Shobana Hajan MD, FASA, fad Alchoubass MS3. Meghana Bharadway MD, Andeew Kotlis MD

1) Foundation and Current Scenario of the ICPNT

With the demand for improvnitig patienit outcomes duning compléz neuresurgical procedures,
there 1s-an mereased intersst and necesnty for pentoperative experts in Neurocntical patient care
WNeuroanesthesiologsts are fellowship-trained physicrans with the skills, knowladse, and
experience te orchestrate the parioperative snvirenment to optimizs care and support innovations
1n the neurosurgery and nesuroradiology operating rooms: Inate current state,
Neuroanesthesiology trmning 15 stll heterogensous both in the T S and intemationally, with
fellowships varying inlength, curmeontum, and standards As such, the pathway unfortunately s
upacczptably ambizuovs, and the nzed for an expliont and winfied standardized curneulum for
interested fellows 15 greater than ever This heterogenaity in neureanesthesa education creates
confuston and produces vanation in the standards of care and hikely adversely impacts patient
outcomes In addition r=tent surveys by Swell et al 211 Canada, Bajan stal *mthe U 35, and
Valero et al ?in Europe showed a gensral lack of standardized curnculums in their respective
ar=as, with Valero's and Ratan's surveys reveahing a majonty approval for standardization,
further supporting the urzent nezd for action

Recogmizing the need for an intemational homegenous cumculum to advocate for and
improve the subspectalty, SNACC created The International Council for Penioperative
Neureosciznce Training (ICPNT) in 2019 * (icpnt org). The ICPNT was created to serveas an
entity that provides new and existing Neuroanesthesiology fellowship programs the opportunity
to z=t accredited through a siepwise process that ensures the lighest standardsin the field
globally The currtculun was based on the three pillars of Neurcanzsthesiology described by
wimonary and former SIACC president Dr George Mashour © The recommended curnculum
consists of all essential <lements of periopérative neuresaience and anesthesiology divided mto
12 modules 4-weeks zach Figure 3 depicts a2 summary of the core Curnicular and Cognitive
Comprtencigs in Nenrsanasthegia that afellow tnust be proficient in. The development of this
etirnsulum marks a menumental memant for the subspecialty, paving the way for an official
accrediting council With 235 internationally accredited programs and anovel acereditahon
process, the ICPNT 15 sething standards for Neurcanesthesia fellowship training worldwide

II) Mission and Goals of the ICPNT

Sinzce its creation, the mission of the IUENT has been “to set lugh-quality n=uro-anesthesia
edueational standards globally-and impreve patient cutcomes.” To fulfill that mission, the
ICPNT set forth a set of goals (Figurs 1) anda clear vision to achieve The vision of the ICENT
15

1. Teo accredit and thereby ensure standardszation of Weurcanesthesia educaton with an
international spectrium and scops
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2, To promotecollaboration between accrecited programs leading to quality sducation for
fellows graduating from these programs.

3: To contnbutes to sducation and research to our speealty through networlatiz and
partnerships.

Flulph reres jdenjzils
|
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Figure 1 Strategic Goals of the ICPNT

To promote communication and networking between accredited programs, the ICPINT
created the Neuroaneasthesia Prosram Relationy committee (INPR), which plays an active partin
sdueattonal networlang betwezn Neureanesthesta fellowship programs to and research and
innovation

® The commities offers webinars featuning Weuroanesthesiol ogy experts, neurostience
researchers, and ICPNT fellows presenting interesting cases and tournal clubs svery month

e During the pandemic, the commitiee surveyzad the impact of the: COVID-19 pandemic on
chinical traimuing, education, and the smotional wellness of the train=es 1n Weuroanssthesia and
published the results 1o the Journal of Neurosurzical Anssthesiolegy

e The NPE provides yearly workshops donng the SITACC annual meeting, with the 2021
workshop on Penoperatsvs Bramn Funchon Momtoning' seiling out This mndicated the weed for
such educational programs for Neuroanasthesiologists in practice

o In Apnl 2021, the commutiee orgamized a virtual FD mest and grest, with another
sxcellent discussion between program directors regarding fellowships, accreditation, and
collaboration Evervone teasted onliné during a virtual wine and cocktail event
Actimities of other ICEFNT committess are

o Deyeloping and mamtaining procedures for nenroanssthestology fellowship accreditation

o Creahing a bank of questions which can ard program dirsctors in teacliung and assessing
fellows. Thiz may ene day form the nucleus for 5 summative certification examinabion

o Developing modules forcartification of individuals in speeific aspects of neuroanesthesia
knowledge and practice

e Growing a network in support of neurcanesthesia research

e Assunng high quality commumecation of ICPNT achivitizs
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IOT) Novel Accreditation Process

In support of internatienal differences in traming, culture, and regulation, the ICPNT created
aformal yet novel accreditaton process (Figure 2) The application processis doveded into twe
wiay stages The first stage includss a Farmatrve submission by the program for the ICENT to
provide teedback on low to improve the application based on the pore curneculum competencies:
The s=cond stage1sa Summabive evaluabon that provides the program with official acersditation
if approved As depicted in Figure 2, there are three eategories of accreditation

o Alis Syears - Strong program, critena are tully met
® A5 3yezars - NMinor deficiencies are expected to beaddressed to mest full entena
e A3s]yzar - Deficiencies are major and can be met with significant ffort

ekl i
i -“’-": Exinting aFf Piannad Neurannesthesia Falleavship
i =ICPNT

N et -
e
Meview ICFNT Program Reguiremesnts
bl |

Apply Online ot
ICPNT.net - ]

Incomplet=
Informaition

Formative Evalualtion -—

Figuré 2 TCFNT Movel Accreditabion Process
IV) Neuroanesthesiology Fellowship Carrienlom

The fellowship should last at least ene year with six mandatory adult neureosurgical operating
room modules (4 weeks + | module), one modulz 1 mterventonal neureradiology, one research
and schalarship module, one entieal tafe module, prinaples of nénromanitenng maduls, and
elective modules such as pediatne neuroanesthesiolegy (Figure 3) ¢
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Figure 31 ICFNT curnculum
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Perioperative Anesthetic care includes assessment, Intraoperative and Postoperative
management of INsurosurgery cases- with a special emphasis on progedures like
MNepromomtoring, Transcranial dopplers, and Cerebral oxmmetry. In the Neuroentical care
maodule, the fallows evaluate and manage critical neurclogical illnesses, penoperative
morbiditizs in neuralogical myury patients; postoperative pain, and implement analgesic
regimens failorsd te neurological status and provide ansjthetic care for various interventional
neuroradiclogy procedures. Duning the Interventional Neuroradiology module, the fellows
beconte sxperts at assessing MET and providing care and intervention assisting the neure-
interventionalist The Cognitive Module mvelves learning Neurcanatomy, Neurophiysiolegy,
Neuropathology, Nearopharmacology, and MNeurelogic inyury- Classification and Grading
Educational Activitizs include lectures, simulation labs, research, and conferencss And finally,
Educational Methodology compnises problem-based leaming, weekly case presentations (Formal
and informal), lectures, and journal clubs Flezbilsty exists such that the neurcanssthesiology
education could be designed to be a continuun with additional educaton in reszarch,
neuromenitenng; and neurocntical care

Ultmately ICPNT neuroanesthennelogy fellows gain slaliz mn teacluing, supervising,
innovation, and professionalism in preparation for becoming future educators and leaderz in
penoperative nsuroscience. Lhe goalis to prepars fellows te have expertize 1n penopsrative care
of patients undergomng neurosurgical interventions and indepsndently manage complsx and rare
nevrosurgical cases and neurclogical cnzes. The ICPNT 15 providing a colizsive curmculum to
bridge the now-to-future gap m Neuroanesthenia tratning and help develop the next-generation of
Neuroanesthesiol ogists who will participate in a futars practice which will require capability in.
adaptive mnnovation to facilitate advanezs in naurosurgery and neuroradiolegy
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Anesthesia for Interventional Neuro Radiology

David E Wnght, Assorniate Professor of Anesthesia and Pain Medicine,
Unaversity of Washington, Seattls, WA

Summary

This article summanzes the prohiferation in endovascular mterveations for nsuro vascular
procedures that the An=sthesiologist will comumonly =ncolinter in the naure witerventional
radiclogy (MTIE) suite. General pninciples applicable tomost procedures are outlined as well as
some special codsidarabons For different condibions such as cergbral aneurysms, artzsnovenons
malformations and stroke. Tt1s alse of paramount importances that these taking care of pattents 1n
the NIE smte arcaware of the two most devastating compheations of cerebral 1schemia dusto
intra- artennal thrombug formation and cerebral hemorrhage with accompanying intracranial
hypertension that can happen, what can be done to minimize the nsk of them onournng and how
they should be managed

Intreduciion

HIE 1= a grownng spectalty with a number of newer innovations in both devices and the
number of conditions that can be treated Since theantroduction of coils to treat bramn aneurysms
in the early 19907z ths indications for treatment have grown to mclude anewrysms with broad
neclks, siant ansurysms and complex aneurysms at branching pounts in th= intracerebral
mreulatton. This evolution has gens hand in hand wath technigues such as balloon ‘and stent
assisted coiling that allow coils to be conipacted within the anzurysm Balloon assisted coiling
(BAC) also has the ability to arrest flow while the coils are deployed which 15 particularly useful
for thi= treatment of muptured aneurysms Nare recently the farus Has-shifted from coils deplayad
to provoks ansurysm thrombous to now include the use of "pipeline™ or "flow diverting stents”
to treat-the parent artery and dovert blood How away from the ansuryvsm and thrombosis oecurs:
over apenod of weeks duc to stasis of blood within the ansurysm Stent therapies arc
thromboganic and have to be combined with dual antiplatelet therapy (DAFT) thereby relatively
contramndicating their use i patients presenting with mptired ansurysms The newest deviceisa
Woven Endo Bridge (WEB)'*, a censtruct that 12 deployed acroys the neck a wide ansurysin
without the need for asupporting stent device and antiplat=let'agents-and ts being used off label
to treat muptured an=urysms For the endeviascular snthusiast thers are becoming fow ansurysms
that cannot be treated in the I suite Other conditions that are commeonly encountered 1o the
WIE suite include embolization of artenovenous malformations (AVI s) and tum ors, vasospasm
fellowing subarachnoid hemorrhage and perhaps most commonly for the generalist covernng the
WIE suite en call, mecharmcal thrombectomy for treatment of zcute 1schemie stroks With this
rapid growth of both conditions and treatment aptions over the past 30 years there 18 much for
the Anesthestologist to consider in the care of the patient in the NIE suite

(General considerations

NIE procadures typically take place i locations remote from the OF or increasingly in
newly designed and constructed hybrid suites within the OF. The former requires anticipation of
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medications and equipment that might not bz immediately available for the mores complex
patient or procedurs and both types of locations might be nnfamiliar surroundings in terms of
room layout atd staff for the generalist providing coverage for “ount of hours” procedures Thess
procedures expose both the patient and staff to high doyes of rachation and 1t 15 important to
‘wongider the possbility of pregnancy when appropnate and for staff to wear radiation prefective
lead and increase their distance from the sourcs of radiation as much as possible and particularly
during times of high usage as the dose of radiation 15 reduced to % by doubling the distance away
from the source

Mhld allsrgic and other physiclogical reactions such as renal dysfunction to centrast media
are quite common Predispositions to renalinjury include age greater than 75 years, pre—=zishng
renal impairment, hypertension, diabretes mellitus (esp. with metformin vse)and co-
administration of nephrotoxic drugs (¢ g amunoglycosides or H2AID ' 's)  Carsful attention
:should be made to flurd management to mantmn suvelemia and duning lenger duration
procedures it ;s important to tonaider thiat the intérventianst may flush their catheterswith 1-2
liters of arystalloid solution Modern contrast media consist of non-1enized compounds that are
srther 150 or low esmolality and severe anaphylactord reactions are very rars (1/2500) and
unrelated to shell fish or jodine allérgy

It 12 of the upmost impertance that patents do aet move dunng mtracramal NIE procedurey
Using digital subtraction angrography the mterveantonist wall create'a readmap of the mtracramal
acirculation and any movement of the patients head will canse the road map to be inaccurate
Instrumentation and manipulation of the skull base arferies with catheters: wires and devices can
Le uncomfartable and sufficiently shnrulating tocelicit reactions such as toughing and bucking
provoking smprecise deployment of coils, stents and embolic materials and complicabons such
as unwanted thrombons; rupture or nonselective occluston of vessels. For patient comfort and
safety most centers prefar patients to have general anesthesia for endovascular infracranial
anterventions For most elective procedures marntenanee of ﬁhysi-nl-ugmaj homeosiasizis
acceptable but immobility 15 of paramount ihportance. In theory that latier should bie achieved
with an adequate depth of anesthesia but the periods of intense stimulation can be unpredictabls
and at eurnstitubion we have adoptsd a protocol of mantaning a2 profound nsuromuscular
block Most commonly the interventionist will access ane of the femoeral arteries and the sids
port of the cathater can be “slaved” forinvasive blood pressure monitonag and blood sampling.
Animportant consideration for interventions when larger drameter catheters are used 1s the need
for patiente to hie relaxed and flat for up to six hours after the procedure to prevant hematoma
and possibly femoral artery pseudo aneurysm formation This may necessitate the need forether
post procedural intibation or sedation m patients unable to do so. We have one proceduralist
whose prefersnce 13 to use the radial artery which negates some of these congems

Specific procedure related conssderabons
Cerebral Aneurysms

Dhie to the nelk of 1zeliemic complications Endovascolar mtervanhions requirs the patient to
be hepanmzed typically with an imtial bolus of hepann (50-70 meglks) to achieve an ACT in the
range of 230-300s. Patients who are to be treated with erther stent assisted cothing or flow
diverting stent are at sven hugher nizk of 1schiemic complications due to m-stent thrombomis are
started on DAPT prior to treatment Some= patients have vanable therapeutic responsiveness to
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the P2Y ]2 platelet receptor inhubator Clopidegrel Thiz may be due to sithera genétic deficiency
1n the enzyme that converts clopidogre! to its active metabolite or o morbidities such as
draliztes, renal imparemeant, dre interactions or tobacco vsge that share a common mstabalic
pathway Many neuro interventionssts will use the VenfylNow'™ E2T 12 aysay to measure the
efficacy of cloprdogrel activity Tt measurss P2Y 12 reaction umits (FRU) and avalus <194 15
deemed adequate platelst ihibition Fatients who are deemed inadegquate responders can be
treated with the newer generation thienopyndine class dmigs prasugrel and ticaglor that have the
benefit of faster onset and efficacy but the downside of increased bleeding nsk. cost and twice
daily desing for icagrelor

When complications occurn the WIE suite successful management 15 dependent on effective
Communication between the proceduralist and the Anesthesiologist Altheugh intra‘procedure
ansirysm rupture 4 arguably the most feared and devastating complication of an 2ndovascular
intervention it 1s1ntra-artersal thrombus formation and the nsk for ischemic complications that
liappens more frequently When the proceduralist 15 aware of thrombugs formation they wall oftén
ask for the bloed pressure to be raised, more heparin to be given and somstumes glycoprotewn Ib-
14 mhibators are grven esther locally intra-artenally or systemically mtravencusly to mhibat
platelzt aggregation Patents with vasospasm after sub arachnord may pregent te the NIR for
peossible interventionsincluding angroplasty and possibly intra-artenial injection of caloum
antagonists such as verapamil and nicardipine directly tnto the constncted artenes THis moy
cause profound hypotension and should be anticipated as these patients are at particular risk of
further brawn injury dus to cerebral 1schemia

When afi sneurysm rupturss dunng an endovascular intervention this will usually elicit a
sudden Cushing's or hypertensive crnsis in reaction to the sudden incrsase i intracranial
pressure. The preceduralist should be immediately alerted and they wall attempt to contrel the
blesding by occluding thes artery with a balloon whilst coils are packed into the aneurysm Tt wull
often be necessary to reverse any hepann that has been given with protamine and 3 platelet
infusion might be necessary if the patient has recerved DAPT. Whilst the imibval reachion to a
Cushing’ s response will be to lower blood pressure it may become necessary te maintain a
normal or shightly elevated blood pressure 1 the sattinz of p balleon artery occluston and other
maneuvers to try and lower intracranial pressurs should be considered such as hyperventilation
to lower palCQ;, hyperosmotic therapy and draining ©SF (if a ventnculostomy has been placed
for ruptured ansurysms prior to the procedurs) It may bie necessary to take the pahent
emergently to the OF. following the procedure for a decompr=ssive cranizctomy

Embolizatien Frocedures

Technological advancementsin both micro catheters and wires feeding artenes to both
AV = and tumors as well as fistula can beselectively embiolized with “glue” like materials’
Again, 1t 15 of param ount importance that the patient remains immobale so that the catheter doss
net migrats on injechion mto normal artenial branches The proceduralist may ask for normal er
lower blood pressurs oninjection to try and prevent embolization of embelic materialsinte
draiming veins causing some degree of vencus ontflow obstruction or even the pulmonary
bireilation whech may pressut as post procedural hypozemia When an AVI 18 embolized
relative hypotension 15 often neczssary for up to 24hrs as blood 1s shunted mto a chromieally
hypotensive vascular bed that raquires tum e to restore (ts auto-regul atory cagacity.
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Stroke

Due to the success of mechanieal thrombectomy with stent retnevers for large vessel
occlusions there has been an explosionin siroles interventions oves the past ten years or so. The
pocled data from three randomized controlled trial has demonstrated squuporse between gensral
anesthetic and MAC for stroke outcomes when hypotensien and hypocarbia are avoided and
cutcontes are worss when MAC 15 converiedto GA  The percerved benefit of MAC s a more
hmely interyention and l2ss physiological disturbance but unless the patient presents in a
conditton cempatible with successful MAC our practice and others 1s favonng GA for patent
salety and comfort '

Final theughts

It i anticipated that with knowledge considerations of the procedures and conditions being
treated in the NIE suite and good commumeation between the Proceduralist and Anesthesiologist
the outcomes for the patizit will be good and the expenience satisfying for all thoze invelved.
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Multimodal Analgesia for Complex Spine Surgeries

Ye Bin Koh MD, Marnie] Manlapaz 1D, Ehab Farag MD FRCA FASA

Postoperative pain following complex spine surgery 15 particularly a major challenge for
anesthemologists due to the combinaton of extenisive tissue ranma (from muscle drssection &
surgical mampulation at the eperative sitz) and the patient pepulatien who already have
stgmificant spane pain at basehine Up to 55% of spine surgery patients struggle with chronic pain
preoperatively and as many a5 50% of pabents ars already consuming regular opioids at the ume
of surgery As expected, prepperative opiotd use1s direetly related to postoperative opiotd use as
well as other complications including increassd hospital length of stay, healtheare costs, nsk of
surgical revisien and hospital readmission within 90 days 14! Severe postogerative pain can
detay postoperative recovery and prolong rehabilitation: Lumbar fusion and large spinal
reconstruchon procéduras represented the top six surgeties with the higliest pain scorad an the
first postoperative day and 3-34% patients undergoing single-level discectomy without
instrumeitation sxperienced persistent paun i the short term (6-24 months) and 5-36% 1 the
long term (> 24 months) postoperative penod V!

Fostoperative pain following spine surgenes are also at ligh nsk for progressing into chrome
pam, with 1ts frequency ranging frem 5% to T5% *7. In anotherstudy, 1t was-shown that 7. 2% of
patients expericnce persistent low back pain following posterior decompression & instrumented
fusien surgery The nisk factors for developing this included preoperative low back pain, surgery
on the spinat segments L5-31, and preoperative paraspinal muscle degensraten * Chrenic
postsurgical pamn (CPEF), which is defin=d as permistent post-surgical pain lasting longer than 2
months; 15 a complication that can l=ad te anezpected functional hmitations and immenzs
psychological distrzss Unliks acute postoperative surgical pain which 13 primanly somatic and
visceral, CP3P has a neuropathic component that 13 more difficult to treat Itis therefore
important to 1dentify the rigle factors and develop preventative strategies to reduce the nisk of
developing CESE as much a: pessible The risk factors for developing CESP includes
presperative pamn, psychelogical factors (1e. anmety), surgical site surgical duration (greater than
3 hours), famals sex and younger age Most importantly, severe acute postoperative pain has
been shown to be associated with an increased nsk of developing CPSP, emphanizing the
importance of adsquats postoperabve pan contrel mn thys population ?

Prior investigations have shown that postoperative pamn Follownng spine surgery may involve
a combination of pathways including neuropathic, inflammatory, and nociceptive pain responsas
W Tn aciste paty, previous studizs have evaluated the role of PGE-D and TL-6 1n the induction of
pan and inflammation U Ih addibon, activatien N-Methyl-D-aspattate (NIDA) receptors and
central sensihizatton with associated secondary hyperalgesia have baen implicated 1n the
development of chronie pain 1 Thz growang body of smidence indicates that the combinaton of
pharmacelozic agents that simultansously act upon multiple pain pathways can provide a
synergistic effect while reduoing the need for each medicaton andits potential side effects

NEATDs & COX - mhbitors
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comatic pain 15 due to production of inflammatory pain medistors resulting from tissuse
demage IT3ATDs (fe. ketorelac) and selective cyclooxygenase-2 inhibutors (10, celecoxih) have
been used to manage somatic surgical pain by inlibiting the produchion of thess inflammatory
mediators. Preoperative celecomb use has shown to reduce postoperative morphine consumption,
pam, nzusea and vomihng ¥ Preemptive analgesia with COX-2 mlnbitors has shown to improve
postoperative pain scores and decrzase opioid consumption whilz increasing patient satisfaction
4 Due to the lack of COX-2 enzyme 1n platelets, COX-2 inhibitors do not affect platelet function
or increase penoperative blesding

The role of COX-2 1 bone resorption and healing has besn dem onstrated through many
studies, Following bone wnjury, prostaglandin synthesis and COX-2 ezpressiony are elevated
dunng tlie first two weeks to promote bone healing For this reason, there has been concerns that
COX-Z inhibitors may interfere wath proper bone formation following spine surgenes
Howaver, studies have shown that COX-2 inhibitors do notinhibit spinal fusion or bone healing
and thesefore {5 a safz analzesie to use following spins guroary, In fact, CO -2 wilubitors were
shown to provade better analgesia compared to tramadal without compromising bone healing 4
According to ameta-analysis done by Fam et al | the risk of nonunmion was lngher in pahents
whe recaived NEATDs. However, when the studies were categorized into those who received
WSAIDs dunng the early postoperative period (less than 2 weeks) versus those who were
exposed to NEATIDs for a longer petiad of ume (longer than 4 weeks), thers was no significant
difference between those who recaived WSAID s dunng the early postoperative penod compared
to the control group while there-was found te be a sigmificant differeace between these who
received NSATDs for longer than 4 weeks comparzd to the control group This study alse showed
that the use of indomethacin did inerease the nsk of nonumon Therefore, NEAIDs. other than
indom éthacin, can be gn exeésllent analgesie that can be safely used dunng the sarly
postoperative period ¥

Kstorolac has been suceessful in controlling early surgical pain but in order to decrease
pestoperalive oproid consumphtion, pahients required a dose higher than 60 mg. Although
effective, there are s:de 2ffects of ketorelac that limats 1ts umiversal usa for regular use for
postoperative pain such as renal impairment Ketorolac has also besn essomatzd with nonunion
and failed spinal fusion in patients with lizstory of smoking as well 1%

Aeetammophen

Although the mechanism of action of acetaminophen 15 not antirely clear, 1ts antipyretic and
analgesic property 1swell esteblished It has been lnstoncally categonzed under NSAIDs
because of its ability to inhibit the cycloozyzenase pathways and previde analgesia However
unlike WSATDs, acetaminophen has weak anti+nflammatory activity which is the hallmark of
NSAID s Acstaminophen’s analgesic properties are due to indirect céntral COX epzyme
mhibition, increase mn pain threzhold and 1tz ability to modulate the endogenous cannabinoid
system, possibly by preventing COX-dependent endocannabinoid degradation . The
recommendsd therapeutic dese for acetaminoplien is 4 g to avoird hepatotexiaty and liver failure
as aresult of glutathione depletion Despite much debate regarding the supernor efficacy of
intravenous over oral acstamnophen 1t hag been shown that there 18 no diffrence between oral
& intravenous admimstration when used as part of the 24-honr multimiodal analgeniec remmen
after atotal knee arthroplasty 2
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Acstaminophsn continues to be a cruaial part of the penoperative mullimodal anaigesic
regimen for its analgesic and oproid-spanng properties, which has been an impoertant
tonstderation 1n the setting of nung challengeswith penoperative use of oproids (such as
adverse events, misuse and abusz) However, the optimal dosz and route of admimistration of
acstaminophen for presmptive analgesia remans to unelear ¥

Ketamine

Although pnmanly known as an anssthetic, ketamins has also been sucesssfully used as an
adjunct for penoperative pain management due to its safety profile & profound analzesic
propertizy. Ketamine 15'a non-compettive NMDA antagomist denved from phencychidine At
subanzsthetic doses, ketamins can prevent cantral sensitization and subsequently rediice the risk
of developing oprord induced hyperalgesia and oprotd tolerance ® Thiz can beparticularly
helpful in spine surgery patients, many of whom are already opuoid dependent and strugels with
chromic pan which confer high nsk for postoperative pamm.

In the setting of acute postsurgical pamn, kstamine infusions have recently been gaining faver
3% part of a mulhmodal eprord spanng analgesid repmen and 15 the standard of care 1n some
institutions for the management of postoperative pamn 1 optord tolerant patiante In patients
undergomng major lumbar spine surgery, intraoperative high-dese ketamine was shown to have
morphine-gparing effzcts and decreased pain scores postoperatively # Similarly in patients
undergoing scoliosis surgery, Hadi et al reported that 1n combination with remifentanil, the uss
of ketamine resulted in lower pain scores, reduced morphine consumption, and prolonged ume to
first analpesie rescue ™ '

In ancther study, penoperative ketamine with clonidine premedication has shown to
potentiats the analgesnic effects of oproids and reduce the consumphon of morphme through
patient controllzd analgzsia (PCA) following spine surgery ¥ In chronic pain patieats, a study by
1ielson =t al., demonstrated that postoperative morphine consumphtion and sedation 24 hours
following spunal fosion sursery was sigmficantly rediuced in patients who recerved ketamine
infusions compared to placebo ¥ Ketamine has been associated with nausea, headaches and
disturbing psychomimetie effects (12 hallucurations emergence phenomeanon, sedation,
disonientation) However, these are transient occurrences that last less than 60 minutss following
administration For theze reasons, ketamine 15 considered 1o bea safe and relatively well
tolerated medication ¥ The recommended doss of ketamine wnfusions for paun management
consists of a 0 1-1maz/fks belus upon imnduction followed by an infusion ranging between 0 1-0 25
mglkg/hr Ketamine alzo has promising prospects for-chronic pain patents with concurrent
depression The closely intertwinzd ralationship between chrenic pain and depression iz well
known and commonly szen cccumng together because they ars mediated by the sams
modulatory neural system  Central nervous system nociceptive pathways (descending, ascending
pan patlways in the midbran, brainstem — penaqueductal gray matter, auclensz raphe, locus
carulens) and bran regrens tnvolved in mood managsment are both mediated by
neurotransmitters such as serotonin, glutamate and norepinephnns Thers are a wide variety of
antidepressants that are used to treat depressien with associated pan such as SHEIs, S5R1s,
TCAs and although they are effzctive 1 treating neuropathic pan 1t has not always been
effective in treating musculoskeletal pan Chromic pun patients with climeal dzpression hava
worse physical, mental and social functiomng comparad to those without depression and
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leetamine, which 15 apsychotropic mediation with profound analgzsic propertizs shows great
promise 1o the treatment for chronic patients with poncomatant depression # 2

Unitke other antidepressants, ketamine’s nmque MDA antagonism and anti-deprezsive
propertizgis mediated through activation sf m TR 1n the prefrontal cortex. The anti-depressiyz
effects of ketamine can alse be szen within a few hours to days fellowing treatment unlikes other
anttdepressants which takes tnonths before beginming to see 1ts effect % Hetatmne s rapd
ffzct onset 14 particularly useful 1n patisnte with suicidal 1deations who are at high risk of
carrying out suicrdal behaviors at any @iven hme ¥

Lidocaine:

Lidocaine infusions have oprord spanng properties and has shown to decrease optond
consumption andimprove quality of lifs following complex spine surgenies making 1f an 1deal
adjunct for pain control 1n opiord dependent patients # 9 The mechanism of pan relief and anti-
hyperalgesia is mediated by NMD A and veltage gated socdium channel inhibition ¥ Systemic
lidocaine also has anhanflammatory propertizs Systemic lidecaine sumulates the release of
superoxmide antons and interleukm 1B that inlubits sentrophul primitig, a process where
leukocytes are ‘prmed’ to produce an enhanced response to activating shmuh ¥ Other
mechamsms of hdocaine meludeinhibition of voltage gated calaium channels, potassium
channsls, glycine receptars and G protein pathways.

Dermedetomicdins

Dexmedstomidine 15 another oproid sparing adjunct that has recently garnered much
attenitron forits drvarpe stfects mncluding analgesia; anmelysis, penoperative sympatholysis and
preservation of respiratory functiens Deézmedetomidineg 15 a o agomst with moderate analgesic
propertizs that work on penpheral and central o recepitors Its hagh hipophilicity allows it to pass
the blopd brain barrier, get absorbed into the cerebrospinal flmd and bind to the o receptors of
the spinal cord to decrease nocicephive neurotransmitters such as Substance P ¥ In astudy by
Hwang =t al , dezmedetomidine infusion was compared with remifentam] infusion in patients
undergomng pestenor lumbar interbody fusion surgery Patients who received a dezmedstomidine-
mnfumoen had sigmificantly lowsr pain sceres at th= imme=diate and late postoperative pertods (48
'hr) and had lower hydromorphone requirements for 48 hours compared to the remifentam] group

Dexametliasone:

Mayor surgenes such as complex spins surgenes cause massive relzase of promflammatary
cytokines and profound systemic mflammation. Glucocoriicoids such as dezamethaseone can
suppress the production of proanflammatory cytelunes and prostaglandin synthesis by mlubiting
Phospholipase AZ and the expression of COX-2 snzymes subsequently reducing pottoperative
‘hyperalgesia secondary to central sensinzaton Preopsrative admimisiration of mtravenous
dezamethasons has shown to reduce-acute pamn during mobilization up to 24 hours after pnumary
dije surgery and glucocorticoids have also shown to have sustaned postoperative oproid sparing
sffects up to 3 days postoperatively VW RE

Mg
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Magnezium (Mg) is another analgesic with NMDA antagonism The mechanism of Mg's
antinociceptive effect 15 pnmanly mediated by regulation of calcium channels that ar= invelved
in central sensitization and pain lyperseisitvnty The NMDA receptor regulates Aux of 1ons such
as sodium, caleium and potassinm Inhibition of MDA receptors by Mz will prevent calcium
entening the cell which 15 often the first step required to mrhate and maintan central
sensitization Mg therapy has also shown to be beneficial in treating neuropathic pain. which is a
result of penipheral or central sensitization. Mg 15 also involved in a vanety of enzymatic
reactions and synthesis of proteins responnibls For euronal funchion aud surnval Tt promotes
azonal growth, neural c2ll proliferation and repair Following neural damage %4 Mg can provide
neuroprotection by inhibiting “secondary’ nerve mpunes Upon stress and nerve damage, as Mg
levels decrsasze caloium influy through NMDA receptors will increase; causing cells to swell and
underge apoptesis. This lzads to degeneration of uninjured nearby nerves as well Mg can block
NMD A receptors and the neurotoxio effects of caleium 2 Major surgeres such as complex spine
surgenies canse extensive surgical issue and surrounding nerve mnpuries — Intravenons Mg can be

“hetpful for penoperative pain caused by the combination of intrasperative neural injunes and
pre-sxisting neuropathic pain Intravéncus Mg has shown to dzcrease postoperative optoid
ronsumption and postoperative pain scores both at rest and-at movement In a study by Jabbour
=t al . patients whi recerved both magtiesiom and ketamine (nfusons demtonstrated lower
cimulative morphine censumption up to 48 hour pestoperatvely when compared to patients who
anly recerved a ketamine infusron: Although magnesium 15 not currently widely utilized for
pestoperative pan, it shows great potential as an adjunct to reduce acute postoperative pan ¥4

Gabapentinelds

Gabapentin was imtally developed to treat epilépsy and developed te pamanly modulate
GFABA metabolism However, instead, they were found to inlubit the o261 subumts of voltage
gated calcium channels which are abundant in the carebellum and hippocampus and can
attenuate neurotransmission. Through this mechanism 1t was hypothesized that gabapentinoids
tould be used 1o contrdl pan by reducing weuronal hyperezeitability Gabapentnoids havs
successfully demonstratedits ability to treat pain and has been widsly used to treat a vansty of
neoropathie pan conditionzincluding panful diabetie nzuropathy, post-herpetic nevralpia and
neuropathic pan from traumatic spinal cord inpunes ¥ Due to ity fficacy in treating chironic pain
condittons, gabapentinoids have also been widely used in the penoperative pennod and
considered =szential components of protocols for carly recovery after surgery and multimodal
analgesniaincluding complsx spins surgenss A meta-analysis study of 281 randomized climical
tnals that comparsd gabapentinonds to placebos and other snalgesic regimens concluded that
there was ne statishcally sigmficant differsnce in acute, subacite, or chronic pain and opioid

.spanng effect On the-other hand, gabapentinords were pssocrated wath less postoperative nausea
and vomiting but had other dide sffects such as dizzinese-and visual disturbances "7 Thege aide
sffects are pnmarntly due to the effect of gabapentinoids on the cersbellum & hippocampuy where
251 voltage gatéd calaium channel ysnichly expregsed Other mde effetts inclide balants
diyorders (1# atazia), sedabion, somnelence and cogmtive impmrment Pregabalin was associated
with a three times lugher nsk of s2nous adverse events (fe. life threatening events resulting 1n
death, disabality, or significant loss of function or causing hospital admission or prolonged
Liaspitalization)

o= 28 75



Vel. & Ne &, 2022

Gabapentinoids given on the day of surgery were also associated with increased risk of
posteperative complications (1e. respiratory falure, pneumoenta, reintubation) due to respiratory
depression mdspendent of oprord uze® In 2019, the FDA 155usd a drug safety alert on senious
breathing problems with gabapentin and prezabalin 1n patients with resparatory problems or those
talung CIS depressants. Day of surgery gabapentinoids 15 also associated with increased risk of
ICU admissions without decreasing opioid requirements or hospital length of stay ¥ The French
Society of Anesthesia and Intensive Care Mediaine no lonbger recommends gabapentinoids
being used ag part of the routine penoperative regimen With the risks of pabapentineid use
outwerghing the bensfits, current evidznce forces us to re-evaluate the routinz use of
penoperative gabapsntinordin adulis:

Sufentani]

Sufentanil 1= 2 potent. central mi oproid agontst that produces analgesia Intravenous
administration 15 not an effective postoperative analzenic becanse of itz rapid declinz 1n plasma
woncentration following cessatton: However, sublingual admimistration has a longer duration of
action and high bicavalability Compared to oral s'uf'é:u_tmlil which lias a bicavailability of 9%,
sublingual sufentanil has a bioavadability of 60%. Sufentanil 15 highly lipephilic and crosses the:
bleod bratn barner easily and has a potency that 15 400 tumes stronger than that of morphine
Sufentantl 15 12 imes more potent than fentanyl with similar enset of ume of 6 2 mun (The enset
of e for fentanyl 156 6 min) The patient-controlled dispensary system for sublingual
sufentani] is sumilar to PCA (patient controlizd analgesia) pumps and dizpenges 15 ug tablzsts
every 20 minutes It can be continued up to 72 hours postoperatively ®

Althoush IV PCAs provide excellent analgesia and high patent satisfaction, 1t has been
associated with 1ssuss-sich as infection, analgesic gaps (due to tubing obstructions) and
respiratory depression Sufentani] sublingual tablet system (SSTS) has been able to address such
1ssues: Unlike morphine whose active metabolite (Morphirie-6-Glucuronide, MEG) reaches its
peak concentration hours following tte doge event, sufentani lacks active metabiolites, decr=asing
tha sk of delayed respiratory depressien Sublingual admimstration ehminates the nizks
associated with administenng medications intravenously (ie. obstruchion, catheter inhltration)
Studies have shown that SSTS provides higher patient & nurse sattsfaction due to its faster cnsest
of analgesia and ease of use of the device compared to morphine PCAs™ Howsver, according to
Kim et al , thare was no differencs in postoperative pain following lumbar fusion surgeniss
between IV fentanyl and sufentand PCA IV sufentantl FCA did have-a lower postoperative
pansesd and voamitnge rate comparéd to Fentanyl @

Methadons

Methadens is another option that can be used for postoperative pain due to ifs proleng=d
duration of achon. The zlimination half-life of methadone 1s approximately 22 hours However,
the metabolism may vary greatly between indivaduals due to vanation in CYP 344, 'B6 and 2DE
expresston. It 15 more commonly used for chronic pain, but the. potential benefits of methadone
inreducing the need for PCAs postoperatively offers much potential Methadone for
postoperative analgena can be given orally 0 2-0 Imelkg prior to induction or as a singls
intravenous bolus 0 14-0 2 mglkg intracperatively 0 2 mglke methadone intracperatively
déer=@ses pan scores and postopéerative pawl requnremerits by 50% up to 72 hours
postoperatively However, intraoperative methadens has been aszociated with side effects such
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as postoperative respiratory depression, hypoxesmia, re-intubation and cardiac complications
mncluding arthythmias and prolenged QT ® Patents who received' methadons treatment gain the
miust analgesic benefit betweesn 48-T1 hours postoperatrvely In addition to oproid agomism,
methadene 15 also an WMD A antagonist that can be useful for oprond tolsrance and hyperalzesna,
Other mechamsms meluds mnlibitton of S-hydroxytryptamine and norepinephrine reuptaks

Fentanvyl

The fentanyl 1ontophioretic transdermal system (ITS) 12 another type of patient controlled
analgesic system that offers similar analgesic efficacy as IV PCA without the complications
asseciated wath administenng medications intravenously (1e. ine ocelusion, mfechions) The ITS
utilizes 1ontophoresis to administer medicahons transdermally and at pre-programmed doses,
The ITS ehiminates the nsks associated with administening medications intravenounsly such as
line acclusion and infechions Although ITS stll requirss-skilled nursing monitoning, it 15 camer
to set up and trouble shoot comparzd to IV PCAs. Overall ITS formulation of fentanyl had less
oprord related complications including hypotension, tachyeardia, hypotensron, prurtus-and
urinary retention However, it was shown to be better than IV merphine PCAs in promoting zarly
mohilization followme surgery =

Wew therapeutic modalities for postoperative pain management confinue to emerge

TEN:, Epdural Analgesia. ESFR

Transcutanesuselectrical narve shmulation (TENS) 15 anetlier nonanvasive technigue that
can beused to relieve pain by transmithng electrical pulses to areas of pmn TEINS 15 based on
the "gate theory of pamn’ and uses an electrical currentto compete and inhubit afferent pan
impulsss, thereby decreasing panful input to the central nervous system. Evidence belund the
analgesic efficany of TENS 1n the perioperative penrod for postoperative pawn contrel 15 unclear
but there are multhple studies demonstrahing significant reduction in pan and plarmacological
analgesic consumplion with ifs use ¥

Epidural analgesia has shown to be effective for both intracperative and postoperauve
analgesiain avanety of surzenes imeluding spine surgery Epitdural analgesia tan provnds
potznfial bensfits including inereased patiznt .'sn'l_;is_fal:han_ decrsased opiord reqiurements, sarlier
mobthization and decreased nisk of postoperative nanses & vemiting In a retrospective study
done at the Cl=veland Clinic Foundation, eptdural analg=zi1a was shovwn to decraage epiord
requiraments and their side effects, particularly in the elderly population '

Erector spinas plane blocks (ESFR) s a paraspinal interfascial nerve block whers local
anésthetic 1sinjected betwesn the erector spinas muscles and the thoracic tranzverse processes to
tarzet the ventral and dorsal ram of spinal nerves A meta-analysis of 13 studies done on patients
recerving ESFB fellowing spine surgenes have shown reduced total oprord use, better pamn
scores and lower rigk of postoperative naussa and vomiting with the use of ESPE Howsver, the
quality of pooled findings was judzed to be low to moderate ** In a study done by Avis et al
wlere 50 patents undergoing lumbar spute surgery were randomized to récaive ilateral ESFB
with ropivacaine versus saline showed that there was no difference betwesn the two groups m
oprord spanng sfiscts and pain scores ® None of these studies investigated the effect of
contimuous ESPE for postoperative analgzma which i5 an arza that may be worth exploning
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Liposommal Bupivacanes

Local anesthencs have been frequently injectzd into surgical sites to provide postoperative
analgesia In order to prolong the durahon of action, long acting local anesthetics (1e
buptracaine) has bzen encazad i hiposemes so that they would be releagsed over a lodger penod
of tme Howsver, recent meta-analysis including 13 ECTs suggests that there are few, 1f any,
benefits 10 gwitchung from intrasperative infiltration with unencapsulated bupivacame to
lipesemal bupivacaine @ "

Opiends

Opiotds 15 one of the most common analgesics used in the peroperative setiing but 15 also
aszociated with unwanted opiord relsted adverse svents (CRAES) which complicates dosing and
management Opiords bind pon-s=lectively to mu receptors to activate both the G protain
signaling pathway and the beta-arrestin pathway that 15 responsible for destred analgesic effects
and ORAEST (1e respiratory depression, constipation) respectively Eecent studies have led to the
discovery of meleenles wath “differential signaling’ that can preferentially activate the G protain
signalinig pathway without activating the beta arrestin pathway that cauze QRAES

Biaged agomsam (also known as functional sslectivity) refers to agornsts that prafecentially
activate one signaling pathway over another Olicendine 15 an sxample of a mu-GPS modulator
that1s actively being developed for pain management Olicendine 15 answly approved FDA
ligand bias optotd that has the ability to diffsrantially activate the G protein signlaing pathway
and provide pan rehef with a decreased side effect profile (1= respiratory depression, nausza,
vamiting) compared to morphins broadening th= therapesutic window while decraasing OP AEs @
The enset of ime of Oliceridine 15 1-2 munutes with a duration of actien of 1-3 hours Tt1s up to
five imizs more potent compered to morphine: & 1-2 mg loading dose can be given and
supplemented with 1-3 mg every 1-3 hours as nzedsd The recommended PCA dosing regimen
conststs of a lpading dose of 1.5 mgwath 0 35 or 0.5 ms demand dose with a §-minute Jockout #

Conventional Opioids p-GPS Modulator
.'_,I'I'.“- p-receptor ._,':_\I p-recepior
l- ,-' A J | ' J | J
VAN v AV
q'_l!"'_ il I,-\'|I -l i I | i .'I
:!”:;‘: ¥ '_e“. I’;r'_-" N Dalivwely I_.'I rl"r I-' _"I.
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h",;’ :'H-u _j lf.‘.-# “uHJ
| Analgesia | | ORAEs |‘| Anaigesia | [ § ORaEs 1
[ Standard analgesic profile L Improved analgesic profile ‘

Figure 1 Mechanism of action of conventional opioids versus mu-GFS _:.'::Lf.'n-'.hlliﬂ:-r:l_r-s'E
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Adzquats postoperative pain control following complex spine surgenesis a cruaal
romponent of penoperattve management for spine-surgenes to accelarate postoperative recovarny
and prométe zsarly mobilizaton. Multimodal analgesiats the 1deal miethod for penoperative pan
management and starts with preoperative education and screening for nsk factors Patients who
are at ngh nsk for postoperative pamn or presperative oproid use-should be referred to the
periaperative pawn clinic for further optimization of pain confrol prnior to surgery Frior to
surgery, patieats should be started on gabapentinoids and consider intraoperative liposomal
buprvacaine mifiltration 3t the surzical site Postoperative parn regimen should mclude schaduled
aetaminophen, MSATDs, COX-2 inhibitare, oral/TV/FCA oproids, lidocame and/or katamine
infusions. Although a speaific pan regimen cannot be recommended from the hiterature, a
mulhmodal approach has consistently shown to provids hiealth benefits with fawer opioitd related
stile effects and'improved postoperative outcomes following comples spine surgenes:
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Spinal Anesthesia or General Anesthesia for Hip Surgery
in Older Adults
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Association of Increasing Use of Spinal Anesthesia in Hip Fracture Repair With
Treating an Aging Patient Population

* We used the NSQIP participant user file for January 2007 through December 2017 and
identified all patients undergoing open surgical repair of hip fractures by relevant
Current Procedura! Terminology codes (27244, 27245, 27269, 27236, ar 27248).Cf
B4 067 individuals, the mean (SD) age was 79,17 (11.69) years, and 58 606 (69.7%)
were women, Spinal anesthesia was used in 20 085 of 84 016 hip fracture procedures
[23.9%) nver the enfire study period. The proportion of patients treated with spinal
anesthesta increased over time (b= 0.0087; P=.03) from 15.1% (26 of 172} in 2007 to
22.9% (4216 of 18 415)in 2017.

The mean age of the cohort also demonstrated 3 significantly increasing trend over
time (b= 0.6274; P=.01). When divided into cohorts receiving spinal vs general
anesthesia, the mean age of the spinal anesthesia cohart demonstrated a similar
increasing trend over time (b = 0,3046; P =.02), whereas the mean age of the general
anesthesta cohort did not (b=0.0557; F= .47).

* The use of spinal anesthesia in the US has increased 50% between 2007 and 2017,
reflecting a belief that spinal anesthesia is superiar to GA in hip surgery
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Spinal Anesthesia or General Anesthesia for Hip Surgery
in Older Adults

MO Mo B Feng, L Caisem, L) Gashipg, D, Dillase, DU). Sessder, F, Sieber ), Migarives, LR Macsntenin
< Mﬂlh“., B Mdnio, 5-Avad T Store, 3 Papp, £S5 Sehwenl, M, ikcssbarmy W Mershail, | D Jaffe © ke
B Sharrma, 5, Azking, A A Hymes, &-L Chip, B Shiegpars, B Dol | :-apptnﬂ'!ll Eefpuch MA Hosll,
M, Gigles, Y. Ranpangih, T Tedore. 3, Choi, ). L WK Kwale A Nader, B0 Sanders) BFS AlNen, K Visiwhou
C Mo, LA Flesther | Dattlle A Tlirmey, & | Sephene Dhieds, and S5 Elepberg, brdhie SEGAIN brrestipaties®

Spinal Anesthesia Guneral Anesthesia
Qutcomes |n the hospital
Complicatlors — no, ftotal ne. (%)

Death 57782 (0] 13740 (1.6}
Myocardial infarction® B/783 (0. 94793 (111
Norfatsl crdine arrest 2/180(0.8) 0182
Stroles 5783 (05 71793 (0.9)
Preumania= 181 (10 L6793 (2.0
Pulmoniry edema® 91383 (14) e (1.0
Pulmoniry embelism® 4783 (05) 5/793 (0.6}
Unplenned pestoperastes Intabstion 4183 (0.5) 71793 (0.9}
Aeate kidaey injury® J2ENE (43) 53{726 (7 &)
Surgwcalsite infection 2183 (03) [y 5
Lipimary teserinfection™ 350181 (45) 2045 (15
Postoperative transfusian L30y782 (16.5) 146/ 143 (184)
Any rebiirn tn the oprrsting rearm LR (1.3) 147743 (1.8
Critiral zare sdmigsion 1&/183 {23) 291793 (17)
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JABMA | Original Inesstigation
Effect of Regional vs General Anesthesia on Incidence of Postoperative

Delirium in Older Patients Undergoing Hip Fracture Surgery
The RAGA Randomized Trial

Tinag 1, PRt Tars L. Pl Loz i, WD firme W STk Chenchen Jang, WS: tane Dareh Ph;

Rarkant ek e, Mg Warg. W1y Y, PG Thoas Sacsan, 710

Teresa Malecky, 7N, Shersgonss i, Ph) Yingusarg Yac, MC; Jiran W, UD. Junping Chen, U
Favig G U, I Qg ey PC Doy (e RAGE Sty estigatyy
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ORIGINAL RESEARCH Annals of Internal Mediine

Pain, Analgesic Use, and Patient Satisfaction With Spinal Versus

General Anesthesia for Hip Fracture Surgery

A Randomized Clinlcal Trial
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A propensity-matched analysis of the National Surgical Quality
Iimprovement Program (NSQIP) database

69,385 patients had general anesthesia, 10,839 regional or neuraxial
cases were successfully matched to a general anesthetic case,

 the risk for 30-day mortality (OR 1.21; F<0.001);

¢ J0-day cardiac armest requiring cardiopuimanary resuscitation (R, 1,65 P=0,004);
*  30-duy unplanned reintubation (R, 1.58; P=0.001);

« 30-day desp vein thrombosis (OR 1.37, Ps0.07)

The 2022 virtual annual mesting of the intemational Anesthesia Ressarch Socrety (ohstroct B9)

2022 EFFSLA B International anesthesie ressarch soaisty virtual 52 S5 7 AMIES T SHIIEER
. MOETSE 0 FEFEREARCE, UNSENSEERE ST e ERES.

Anaesthetic care of patients undergoing primary hip and knee
arthroplasty: consensus recommendatians from the
International Consensus on Anaesthesia-Related Outcomes
after Surgery group (ICAROS) based on a systematic review
and meta-analysis

* Contlusions: Recomimendation: primary neurssial ansasthesls s preferrad for
knee arthroplasty, given seviral positive postoperative outcome benefits; svidencs
level: low, weak recommendation,

* Recommendstion: neuradal ansesthessa is recommended for hip srthroplasty
given associated putcome benefits; evidence level: moderate-low, strong
racommendation.

+ Based on currant evidancz, the tonsensus group recommends neuraxial over
general anaesthedia for hip/ knee arthroplasty, (e s
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Neuraxial anesthesia is associated with improved survival after total joint
arthmplestv depending on frailw: a cohort stud'u,f

anest h-rm type, 2 ! : v |F| zatppar -
<031} wuinerable (F [ W20, ar um[jfll.:tlﬂﬂ'.l"l'lﬁrdrh
|rlrr"'on.1uu.1r'1n|::l 1pl||.‘1 hons/ .f:r"n.,uﬂﬁ Fi fI-Ft ration, dishocation, at
periprosthetic fracture] within I vear dfter surgany. | ictiohs Between anesthesa

| {railty wers tasled, and siratified r'l\-delu--. L e
interaction (pe0 1) was plserved.

. Rﬂ'u!l: Amsong LR A58 natients Lin: 1rfpﬂ|¢||-' TIA, more P.} Heets wore chisified ay
frail (21.5%] and vidnerabli (35,2%) than nan-frail (42.3%). Anesthesia typs was ot
Jnrl-ll-*culﬂ'n.:lrru..n._-'lt naafeer adiust ﬁ:.‘n.'agt jaint, and revislon type.

Hiowairar, in analyrest 2 by tralls e FITHF.‘"L.J dnder neurakil block
had less martality (H Lt e { o wakind
compliEatinns,hamatomall o i whersas no dffemznes In
risk by anesthista type was observed amang patients found non-frail o frail,

Conclusions: Neuraxial pnesthesia use among vulnurahlr.- atiants was associited
with improved Survieal and |ess wound complications. Calculating preaperative
frality ptior to TIA informs perioparative risk and snhances shared-decision
making for setection of anesthests type, (PMID: 32269138, RAAPM 2020)

2020 85, Dr Rebeccaljchnson SEFETIRIIS 2005 3 2016 57 15458 FIET - AEERE
EEFERSRFEEREORS. MRElREnEETRETEREEnEETHESN, BVESS
AMEFEEFNESEENs, EEFEAARCE. GUHASFERNMEEE=0T2mE. I
HIEEFEN N EEEEENETE.

Hip Attack -2 trial:

population health research institute (PHRI)

* Hamitton Health Sclences Corporation ("HMSC"), through its Population Health Research
institute (“PHRI") in Hamilton, Ontario, Canada, Is seeking to identify potential
investigative sites for HIP ATTACK-2.

« Multicenter, International parallal group RCT

+ To determine whether accelerated surgery for hip fracture in patients with acute
myocardial injury Is superior to standard care in reducing death at 90 days after
randomization.

¢ Hip fracture patients need a traponin performed on arrival to Emergency department

 Fractures from trauma are excluded. Includes low Impact fragility fractures only,

» Standard of care (diagnosis to operating room|) must be 24 hours or greater for hip
fracture patients with an alevated troponin
Accelerated surgery will require accommaodation of 2 hip fracture patiant in the OR
within & hours of orthopedic diagnhasis

Hip sttack 2 mel E—INS ), EHUELR, Se@ssttUlEHESRSSFNNESAERD
90 AT ESESS N TINEART. HESC IRSEN, 0ESS (W) FEERd T ER—54
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Clinical Practice Guidelines on Ordering Echocardiography Belore Hip Fracture
Repair Perform Differently from (ne Another
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Table 2 'revalence ol comorbiditics on presentation

Droscumeted comorbyidity an presentation Preval ence
Hypertension 625
Congestive hear Hulare 42on
Fvperlipidemin 2977
Mabetes mellinus 27%
Crreopornss 2459
[Tistory ol cancer 22%%
Depression 2A2%
Chrome ebstrucihve pubmonary dhsease 245
Cerchrovnsenlor negwdent 9%
Gastroespphagenl reflux disense I 7%
End-stame renal discise A
History of previpus fmg bty Buctore 49
FHemodialysis I%
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term murality after hip fracture surgery: an analysis L
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Fencapsular Merve Group (PENC] Block for Hip Fractume
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S E, Dr Lawa Guon Arangs S HIEFESI S Pen-capsuler Herve Group block (PENG) LIUBESE=
TEHEMRE, @AflHNERsS, e FEETEETENIITENRTERNE, =2 EH
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Randomized comparison between pericapsular nenve

group (PENG) block and suprainguinal fasdia iliaca
bleck for tatal hip arthroplasty

finldp Kbty = " Sebairrizmma 4. Ul i 0" Ml !
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Results Compared with suprainguinal fasciz lac
bloek, pericapsutar merve group block resufred i 2 Jawar
Incidence of guadricans motor block at 3 hours (45% v
G0%; p<0.001) 2nd & houss {25% vs 85%; g<0.001)
Furthermaore, pesicapsear nerve growp block also
provided Hetter presenvation of hip-atduction at 3 hors
{r=0.023) & witll a6 decraased sensory blogk of the
anteriog latersl and mediz| thighs &t 21l messrement
intrvals (all pat) 0V4), N dinivally sgnificant Intesgronp
differences were found in temms of postoperative pain
scores, cumulative dploid comsumption at 24 and 48
tauts, ability to peclorm hysiotherspy, opiokd-related
sitle ffects, ane length of hospital sty

Conclusion: For primary tatal hig dnhroglasty,
perageilar neve ook block et n hess
presergation of intar funcion than sapringuing fasds
lliac block, Addifional Investigation i$ requined to
elucidate the optimal Jocal anesthetic volume for matot-
spatlng pecicagsular rerve group bledk and to comoare
the Iatzer with Zitemate motor-<paring soategies such as
oetiartioutat bcal anssthesic inflltration.
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Impact of thi parfcapdar e group (PENG] bockon
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