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[SNACC-449] Use of Neuraxial Anesthesia During Cesarean
Section in the Parturient Patient With Spinal Cord Injury: A
Case Series
Myers E, Sumner C, Smith S, Chiao S, Sheeran J, Esfahani K. University
of Virginia, Charlottesville, VA, United States.
Autonomic dysreflexia (AD) can be a life-threatening syndrome in pa-
tients with spinal cord injuries (SCI) at T6 and above characterized by
unmodulated sympathetic response, such as vasoconstriction and severe
hypertension, and reflexive parasympathetic activity above the level of
the lesion.1 In the parturient, uterine contractions are the most likely
trigger of autonomic dysreflexia. Neuraxial anesthesia is the preferred
technique in those parturients, as the resultant sympathectomy abolishes
the risk of life-threatening hypertension and vasoconstriction causing
uteroplacental insufficiency.2 We present two complex cases of AD in
pregnant women undergoing cesarean delivery under spinal anesthesia.
Case 1: A 34-year-old G1P0 with twin gestation and history of C6 SCI
with resultant incomplete quadriplegia (ASIA D) presented at 34w3d
with contractions (6/10 pain) and cervical dilation to 7 cm. She was
overtly diaphoretic and blood pressure on arrival was 136/93. She had a
history of autonomic dysreflexia triggered by bladder distension and
constipation, as well as neurogenic orthostatic hypotension on midodrine.
She underwent emergent cesarean section (CS) due to breech presentation
of presenting twins. Uncomplicated spinal anesthetic was performed at
L4-5 level in lateral position with 12mg of hyperbaric bupivacaine,
10mcg fentanyl, and 100mcg morphine achieving a T4 sensory level.
Blood pressure was monitored with a radial arterial line. The patient
exhibited significant hemodynamic lability with mean arterial pressure
(MAP) ranging from 49 to 125 requiring phenylephrine infusion. Hemo-
dynamic instability improved after delivery. The patient’s postoperative
course was complicated by hypertensive episodes, which resolved without
intervention, as well as hypotension requiring home midodrine.
Case 2: A 21-year-old G1P0 with a history of traumatic T6 SCI with
complete paraplegia (ASIA A) presented with preterm premature rupture
of membranes at 26w1d. The patient had intact visceral sensation and
was able to feel uterine cramping. Prior episodes of autonomic dysreflexia
were triggered by bladder distension. Given a breech presentation, CS
was scheduled for 34w0d. Initial blood pressure was 105/55. Spinal an-
esthetic was performed at L3-4 level in lateral position with 15mg hy-
perbaric bupivacaine, 15 mcg fentanyl, and 150mcg morphine to achieve
a T4 sensory level. The patient remained hemodynamically stable
throughout the surgical procedure with MAP ranging from 65-90. Low
dose phenylephrine infusion was continued during the case. The case
proceeded uneventfully, and the patient was taken to recovery in stable
condition. She had no hemodynamic complications post-operatively.
Administration of neuraxial anesthesia at usual doses can reliably at-
tenuate the visceral stimuli that occurs during cesarean delivery in spinal
cord injury patients at risk for autonomic dysreflexia, while also avoiding
complications associated with general anesthesia in the parturient patient.
As with other parturients receiving neuraxial anesthesia, there should be

close monitoring of vitals, adequate volume administration, and avail-
ability of direct acting vasopressors and vasodilators to treat potential
hypertensive crises.
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[SNACC-450] Inhalational vs Intravenous Anesthetic Conditioning
for Subarachnoid Hemorrhage Induced Delayed Cerebral Ischemia
Athiraman U*, Lele A†, Karanikolas M*, Dhar R*, Zipfel G*.
*Washington University in Saint Louis, Saint Louis, MO, United States;
†University of Washington, Seattle, Washington, United States.
Background: Inhalational anesthetics were associated with reduced in-
cidence of angiographic vasospasm and delayed cerebral ischemia (DCI)
in aneurysmal subarachnoid hemorrhage (SAH) patients. Whether in-
travenous anesthetics provide similar level of protection is not known.
The aim of this study is to compare the protective role of inhalational vs.
intravenous anesthetics against angiographic vasospasm, DCI and neu-
rologic outcomes in SAH patients undergoing aneurysmal coiling/
clipping procedure.
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Methods: IRB approval was obtained to conduct this study in two aca-
demic centers in United States. Data were collected retrospectively for SAH
patients who received general anesthesia for aneurysm repair between
January 1st, 2014 and May 31, 2018. Primary outcomes were angiographic
vasospasm, DCI and neurologic outcome as measured by patients dis-
position at hospital discharge. Univariate and logistic regression analysis
were performed to identify the independent predictors of these outcomes.
Results: A total of 385 SAH patients with an average age of 55±14
(Mean±SD) were included in our study. Multivariate logistic regression
analysis identified inhalational anesthetic technique, Hunt-Hess grade and
age as independent predictors of angiographic vasospasm. Inhalational an-
esthetic use, Hunt-Hess grade and American Society of Anesthesiology status

were identified as independent predictors of DCI. No impact of anesthetic
technique on neurological outcome at time of discharge was noted.
Conclusion: Our data, comparing patients who received inhalational vs.
intravenous anesthetic for ruptured aneurysm repair, provides further evi-
dence that inhalational anesthetics during aneurysm repair provide sig-
nificant protection against SAH-induced angiographic vasospasm and DCI
as compared to intravenous anesthetic (propofol). These results, when
coupled with preclinical data demonstrating a similar protective effect of
inhalational anesthetics on vasospasm and DCI, suggest that inhalational
anesthetics may be preferable for providing general anesthesia for SAH
patients undergoing aneurysm repair. Additional investigations examining
the effect of inhalational anesthetics on other SAH outcomes such as early
brain injury and long-term neurological outcomes are warranted.

[SNACC-451] Intravenous Anesthetic (Propofol) Did Not Afford
Protection Against Aneurysmal Subarachnoid Hemorrhage Induced
Delayed Cerebral Ischemia
Athiraman U, Liu M, Zipfel G. Washington University in Saint Louis,
Saint Louis, MO, United States.
Background: Aneurysmal subarachnoid hemorrhage (SAH) is a severe
form of stroke with high morbidity and mortality. Delayed cerebral is-
chemia (DCI) has been identified as one of the important contributors for
poor outcomes in these patients.1 We previously showed that a brief
exposure of an inhalational anesthetic (2% isoflurane for one hour) ini-
tiated one hour after SAH in a mouse endovascular perforation model
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provided multifaceted protection against DCI leading to improved short-
term neurological deficits.2 The aim of our current study is to investigate
the effects of a commonly used intravenous anesthetic agent - propofol
against SAH-induced DCI.
Methods: After IRB approval for animal studies, twelve-week-old wild
type male mice (C57BL/6) were divided into three groups - sham, SAH or
SAH with propofol infusion. Central line catheters through internal jug-
ular vein was inserted for all three groups under brief period of isoflurane
anesthesia. Twenty-four hours post central line catheter insertion, ex-
perimental SAH via endovascular perforation was performed with a 5-0
blunted nylon suture. Propofol infusion at 2mg/kg/min for one hour was
initiated one hour after SAH induction and sham and SAH groups re-
ceived same volume of saline infusion for one hour. In a separate set of
experiments, animals received a different dose of propofol (20mg/kg as a
bolus over a period of 10 seconds followed by a continuous infusion of
20mg/kg for one hour, beginning one hour after SAH) Normothermia at
37 C was maintained with the homeothermic blanket. Vasospasm meas-
urement in the middle cerebral artery (MCA) vessel was assessed 72 hours
post SAH. Neurological assessment was performed at baseline and for
next three days after SAH. Data was analyzed by one- way ANOVA and
two-way repeated measures ANOVA followed by student Newman-Keuls
multiple comparison test. Statistical significance was set at P< 0.05.
Results: SAH group showed significant vasospasm and neurological
deficits compared to sham group, but no significant differences were
noted between SAH and SAH+Propofol group related to neurovascular
protection after SAH.
Conclusion: Our data shows that propofol did not afford protection
against large artery vasospasm and neurological deficits produced by
SAH. Further studies are warranted examining the effects of propofol on
other SAH-induced secondary brain injury outcomes such as early brain
injury and long-term neurobehavioral outcomes.
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[SNACC-452] Role of NF-kB in Isoflurane Conditioning-induced
Neurovascular Protection in Subarachnoid Hemorrhage
Athiraman U, Liu M, Jayaraman K, Zipfel G. Washington University in
Saint Louis, Saint Louis, MO, United States.
Introduction: Delayed cerebral ischemia (DCI) is the largest treatable
cause of poor outcome after aneurysmal subarachnoid hemorrhage
(SAH).1 Nuclear Factor Kappa-light-chain-enhancer of Activated B cells
(NF-kB), a transcription factor known to function as a pivotal mediator
of inflammation is upregulated in SAH and pathologically associated
with vasospasm.2 We previously showed that a brief exposure to an in-
halational anesthetic isoflurane, provided multifaceted protection against

DCI after SAH.3 The aim of our current study is to investigate the role of
NF-kB in isoflurane conditioning induced neurovascular protection
against SAH-induced DCI.
Methods: Institutional approval was obtained for conducting the animal
studies. Twelve-week-old wild type male mice (C57BL/6) were divided
into four groups - sham, SAH, SAH+ Pyrrolidine dithiocarbamate
(PDTC) and SAH+PDTC with isoflurane conditioning. Experimental
SAH was performed via endovascular perforation with a 5-0 blunted
nylon suture. Normothermia was maintained with the homeothermic
blanket. Anesthetic conditioning was performed with isoflurane 2% for
1 hour, 1 hour after SAH. Three doses of PDTC (100mg/kg) a selective
NF-kB inhibitor was injected intraperitoneally one dose immediately
after SAH and other doses on day 1 and 2 after SAH. NF-kB and IkB
alpha protein expression was quantified by Western blot technique.
NF-kB activation after SAH was assessed by immunofluorescence
staining. Vasospasm measurement in the middle cerebral artery (MCA)
vessel and microvessel thrombosis by immunofluorescence staining was
assessed after 72 hours of SAH. Neurological assessment was performed
at baseline and for next three days after SAH. Data were analyzed by
one- way ANOVA and two-way repeated measures ANOVA followed by
student Newman-Keuls multiple comparison test until otherwise in-
dicated. Statistical significance was set at P< 0.05.
Results: Isoflurane conditioning downregulated NF-kB expression and
attenuated NF-kB activation after SAH. PDTC attenuated large artery
vasospasm and microvessel thrombosis leading to improved neurological
deficits after SAH. Addition of isoflurane to PDTC group did not provide
any additional protection in SAH-induced DCI.
Conclusion: It is possible that isoflurane conditioning-induced DCI pro-
tection after SAH is mediated via downregulating NF-kB pathway.
Future studies on the role of isoflurane conditioning and NF-kB in long-
term neurobehavioral deficits after SAH are warranted.
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[SNACC-454] Using Touchscreen-based Operant Conditioning Tasks
to Assess Cognitive Recovery Following Anesthetic Emergence in Rats
Vincent K, Zhang E, Kato R, Cho A, Moody O, Solt K. Massachusetts
General Hospital, Charlestown, Massachusetts, United States.
Background: As the number of procedures requiring general anesthesia
continues to increase in the US, it becomes increasingly important to un-
derstand how the brain restores cognitive function following periods of an-
esthetic-induced loss of consciousness. In rodents, physiological responses
such as the return of righting reflex (RORR) and electroencephalographic
recordings are routinely used to capture levels of conscious recovery. More
difficult to evaluate, however, is the return of cognitive function. In the past
decade, touchscreen operant chambers with programmable tasks have vastly
improved our ability to measure more complex cognitive features in animals,
though their use in anesthesia research has been slow to gain traction. The
5-choice serial reaction time task (5-CSRTT) is analogous to human con-
tinuous performance tasks and measures aspects of working memory, sus-
tained attention, and inhibitory control in a fully automated system.1 Here
we use the 5-CSRTT to capture cognitive recovery trajectories in rats im-
mediately following emergence from both inhaled and intravenous anesthetic

regimens. By assessing the recovery trajectories of cognitive function in
young, healthy rats we establish a foundation for which future models of
post-anesthetic cognitive impairment may be compared.
Methods: Sprague Dawley rats (4 males and 4 females) were trained to per-
form the 5-CSRTT (Fig. 1). In a 5-CSRTT trial, the rat attends a 5-windowed
screen for the brief appearance of a white square in 1 of the 5 locations. The rat
must recall and select the correct location via nose poke within 5 seconds to
receive a food reward. Selecting the wrong window (incorrect responses) or not
responding (omissions) are punished with a time-out. Rats were trained until
they could perform the task with high accuracy (≥80% of responses are
correct) and low omissions (≤20% of responses are omissions) reliably.
Once a week, performance was tested following anesthetic emergence. Six
anesthetic regimens were tested: 2% isoflurane for 1h (ISO), 3% sevo-
flurane for 20 min (SEVO), 10 mg/kg I.V. propofol (PROP), 35 µg/kg and
20 µg/kg IV dexmedetomidine over 10 min (high and low DEX), and 50
mg/kg I.V. ketamine over 10 min (KET). Rats recovered from anesthesia
in the 5-CSRTT testing chamber where they could initiate trials ad libi-
tum during a 2-3h period. Recovery of accuracy was measured as the

FIGURE 2.FIGURE 1.
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time rats took to make ≥ 4 correct responses in 5 consecutive trials.
Recovery of low omission rates was measured as the time taken to miss
≤ 1 out of 5 consecutive trials. Cognitive recovery trajectories were an-
alyzed by survival curve comparison using a Mantel-Cox test and com-
pared to RORR latency by linear regression.
Results: The time to recover accuracy (χ2=21.37, P=0.0007) and low
omission (χ2=27.95, P<0.0001) performance on the 5-CSRTT following
RORR varied significantly between anesthetic regimens. Recovery of accu-
racy performance, a measure of working memory, was achieved in 87% of
rats following SEVO, in 75% of rats following PROP, in 62% of rats fol-
lowing ISO and KET, and 37% and 25% of rats following either low or high
doses of DEX (Fig. 2). Recovery of omission performance, a measure of
sustained attention, was achieved in 87% of rats following ISO, SEVO, and
PROP, in 37% of rats following KET, in 12% of rats following low dose of
DEX, and no rats recovered omission performance following high doses of
DEX. Regardless of anesthetic used, RORR was not correlated with the
return of high accuracy nor low omission performance in the 5-CSRTT.
Conclusions: Using the 5-CSRTT, we found that metrics of working
memory and sustained attention follow anesthetic-specific trajectories which
are unrelated to RORR latency. The return of cognitive function is most
delayed following dexmedetomidine and is most rapidly recovered follow-
ing sevoflurane anesthesia. Overall, we demonstrate that the 5-CSRTT can
be used to track real-time cognitive recovery in trained rats following an-
esthetic emergence to capture clinically relevant neurocognitive function.
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[SNACC-458] Association Between Previous Cervical Spine Fusion
and Failed First Attempt at Intubation: A Retrospective Chart Review
Chepanoske M, Mallari O, Alper E, Heard S, Nada E. University of
Massachusetts Medical School, Worcester, MA, United States.
Limited cervical spine motion is known to be associated with increased
rates of difficult intubation (DI). DI or multiple intubation attempts can
result in adverse outcomes. It is not clear to what extent previous surgical
spine fusion affects the success of intubation.
Methods: After IRB approval, a query of the UMass Medical Center elec-
tronic perioperative medical records between Oct. 1st, 2017 till Dec. 31, 2020,
was done to identify patients with cervical spine fusion who subsequently had
tracheal intubation. Two hundred fourteen cases were identified. Data col-
lected included demographics, comorbidities that can cause DI included
ankylosing spondylitis (AS) and rheumatoid arthritis (RA), data on cervical
spine fusion, preoperative airway exam, mask ventilation, history of DI, the
type of laryngoscope, laryngoscopic view, hypoxia after intubation, trauma
to the mouth or teeth, and the type of provider Tables 1, 2.

Results: Tracheal intubation could not be performed in 3 cases (1%), two
patients had an occipito-cervical fusion with advanced AS, or alone the
third patient had severe RA with a C3-7 fusion. Out of 214 patients, 8
patients had a missing number of attempts, although no difficulty was
reported. Of the remaining 206, 88% were intubated at one attempt, while
8% needed 2 attempts and 3.8% needed 3 attempts inclusive of those who
failed intubation. Multiple linear regression analysis showed a significant
correlation between the number of the attempts and comorbidities (RA
and AS, P= 0.017), the type of laryngoscope (P= 0.00015), and the
Cormack-Lehane grade (P= 0.00018). There was no significant correla-
tion with the other variables. A P-value <0.05 was considered significant.
Discussion: Mashour et al1 found that cervical spine limitation resulted in
DI in the presence of other factors as age > or= 48, Mallampati 3 or 4,
and thyromental distance <6 cm. However, there is limited evidence as to
whether surgical cervical spine fusion is independently associated with
DI. The results of the current study showed that the success rate of the
first intubation attempt was 88%, 94% after 2 attempts, and only 4%
needed 3 attempts. The reason for this high success rate may be due to
that the majority of cases had a midcervical spine fusion. Previous work
showed that the vast majority of cervical motion is produced at the oc-
cipitoatlantal and atlantoaxial joints while cervical segments (C2-C5)
moved minimally during direct laryngoscopy.2 The current study showed
that 74% of patients were intubated using direct laryngoscopy. The
Glidoscope was used in 23%. The study also showed that the using
Glidoscope was significantly correlated to the smaller number of at-
tempts. The Glidoscope enhances the exposure of the larynx and results
in a better Cormack-Lehane grade which was also correlated with fewer
attempts. The study found also that comorbidities in the form of AS or
RA were associated with the number of attempts as well. The limitations
of the study are its retrospective nature and the small sample size espe-
cially, in the occipito cervical fusion group.

TABLE 1. Demographics and Fusion Data. No. of Patients 214

TABLE 2. Airway and Intubation Data
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Conclusions: The current study showed that the majority of patients with
surgical cervical spine fusion can be intubated at the first attempt. The use
of Glidoscope reduced the number of attempts. Comorbidities of advanced
AS and or RA is a risk factor for increased attempts and failed intubation.
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[SNACC-459] Intraoperative White Cord Syndrome Following
Posterior Spinal Cord Decompression
Guay D, Flessa M, Dejoy S. Metrohealth Medical Center, Cleveland,
OH, United States.
Case Description: A 44-year old female with a medical history significant
for obesity and cervical myelopathy presented for posterior spinal fusion
and laminectomy of C2-T1. Initial outpatient neurological exam was
noted to have full strength in all muscle groups, normal sensation, and
gait, but spastic upper extremities and positive Lhermitte’s sign. MRI of
the cervical spine revealed multilevel degenerative disc disease with canal
and foraminal narrowing with a moderate cord signal abnormality at
C2-C6 representing edema versus myelomalacia. Preoperatively, the pa-
tient was noted to have significant progression of her symptoms, de-
scribing persistent upper extremity paresthesias, lower extremity
weakness, and gait dysfunction.
Intraoperatively, the patient was monitored with somatosensory evoked
potentials (SSEPs) and electroencephalography (EEG). General anes-
thesia was maintained with sevoflurane and a remifentanil infusion.
Following spinal cord decompression, there was an abrupt decrease in
SSEP signals in the bilateral lower extremities, with greater than 10%
increase in latency without perceptible technical cause. This was followed
by decreases in bilateral lower extremity amplitudes and subsequent loss
of upper extremity SSEP signals.
To ensure adequate cord perfusion, mean arterial pressures were in-
creased with a combination of crystalloid administration, vasopressors,
and decreased anesthetic depth. The surgical site was closed and the
patient promptly emerged from anesthesia for neurological examination
which was notable for incomplete tetraplegia. Postoperative MRI re-
vealed significantly improved cord compression, mild although improved

cord impingement, and a faint T2/STIR hyperintensity present within the
cord at C6-7 and possibly C3-4. Prior to discharge to PM&R, her lower
extremity neurologic function returned to baseline but continued to ex-
hibit significant upper extremity motor dysfunction, right worse than left.
Discussion:White cord syndrome is an extremely rare condition causing a
rapid neurological decline following surgical decompression of a chron-
ically compressed and ischemic spinal cord, with very few cases reported
in the literature. It is classically defined by intramedullary hyperintense
signal sequences on T2-weighted magnetic resonance imaging in a patient
without other pathologic changes following spinal decompressive sur-
gery.1 The exact mechanism is unclear, but the main hypothesis describes
an ischemia-reperfusion injury with disruption of the blood-spinal cord
barrier leading to oxidative stress and neuronal apoptosis. High-dose
glucocorticoids are thought to be of benefit for this condition by in-
hibiting the free oxygen radical damage. Riluzole, a benzothiazole anti-
convulsant, may also have a role, has shown promising results via
inhibition of glutaminergic transmission and diminishing neurological
tissue destruction.2 Although rare, white cord syndrome should be in-
cluded in the preoperative discussion between surgeon and patient prior
to spinal surgery as this can be a devastating consequence.
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[SNACC-460] Implementation of a Perioperative Lactation Man-
agement Plan for an Early Postpartum Patient in an Extensive
Tuberculum Sellae Meningioma Resection: A Case Report
Fejleh A, Srejic U, Lemkuil B, Pearn M, Beaumont T, Tran M. UC San
Diego, La Jolla, California, United States.
The incidence of lactating patients presenting for surgery is increasing as
breastfeeding rates continue to rise in the US. Thus, the appropriate care of
lactating women in the perioperative setting is an increasingly important topic
that is not well described and rarely addressed.1 Lengthy operations (>8 hrs)
can lead to lactation complications including breast engorgement, mastitis,
decreasing milk supply, and undesired weaning. In a neurosurgical case,
emergence hypertension is another potential complication which can be ex-
acerbated by the pain and discomfort caused by breast engorgement. We
present the case of a 38-year-old early postpartum, breastfeeding female who
underwent expanded endoscopic endonasal approach for resection of an en-
larging tuberculum sellae meningioma causing near blindness (Fig. 1). The
anesthesia time was expected to last up to 12 hours given the tumor
complexity. Further, the patient would be unable to look down for a period of
time postoperatively to avoid congestion to the surgical area, making breast
feeding or mechanical pumping technically challenging. For these reasons,
there was a discussion between the neurosurgeon and neuroanesthesiologist to
devise a plan aimed at avoiding perioperative lactation related complications.
A coordinated lactation management plan (Table 1) was implemented
consisting of lactation nurse consultation, strategic patient positioning and
draping (Fig. 2), intraoperative serial breast exams every 2-3 hours, and breast
milk expression with a mechanical pump. Intraoperative mechanical breast

TABLE 1. Perioperative Lactation Management Plan
Considerations

FIGURE 1. Preoperative MRI demonstrating a large enhancing suprasellar mass. The extra-axial mass extended laterally above the
intracranial internal carotid arteries (A) and posteriorly above the pituitary gland (B, long arrow) where it displaced the optic
chiasm posteriorly (short arrow). The mass caused compression of the optic nerves (C, arrows), more severe on the right.
Preoperative visual fields (D) demonstrating near blindness on the right (OD) and an inferior hemifield defect on the left (OS).

J Neurosurg Anesthesiol � Volume 33, Number 4, October 2021 Abstracts

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved. www.jnsa.com | 385

Copyright r 2021 Wolters Kluwer Health, Inc. All rights reserved.



pumping was performed twelve hours into the case when the breasts were
noted to be full, firm and taut with leakage of breast milk, removing 50 cc
breast milk which was discarded. Milk expression for breast decompression
was performed after tumor resection but before emergence from anesthesia as
the patient was not expected to have full capacity to perform her own milk
expression for several hours post procedure. The patient had a smooth
emergence without emergence hypertension and was extubated immediately
postoperatively. The lactation service followed the patient to assist her with
pumping until discharge given her limitations. She was discharged home on
postoperative day three, experienced rapid recovery of her visual fields and
continued to exclusively breastfeed her newborn. This case highlights that a
clear plan involving the perioperative physician anesthesiologist, surgeon and
lactation consultant can facilitate successful perioperative lactation
management and lead to overall improved patient safety, satisfaction and
hospital course for lactating early postpartum patients undergoing lengthy
neurosurgical cases.
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[SNACC-462] Spine Enhanced Recovery, Best Practice, and
Levels of Evidence for Each Pathway Element
Blacker S*, Vincent A†, BurbridgeM‡, BustilloM§, Heller B∥, Nadler J¶, Lele
A#, Hazard S**. *UNC Chapel Hill, Pinehurst, NC, USA; †George Wash-
ington University School ofMedicine, Washington, DC, USA; ‡Stanford Health
Care, Stanford, CA, USA; §Weill Cornell Medicine, New York, NY, USA;
∥The University of Texas Southwestern Medical Center, Dallas, TX, USA;
¶University of Rochester Medical Center, Rochester, NY, USA; #University of
Washington, Seattle, WA, USA; **Penn State Hershey, Hershey, PA, USA.
Background: Enhanced recovery clinical pathways (ERAS) and best prac-
tices aim to reduce costs, improve outcomes such as intensive care and
hospital length of stay, and patient satisfaction.A recent ERAS society spine
pathway was published in February 2021. An anesthesia specific, compre-
hensive literature review and evaluation of evidence has not been conducted.
Method: A systematic review of available literature was conducted on
anesthesia-specific elements that may be included in an ERAS pathway
for major complex spine surgical patients, (defined as surgery on two or
more levels). Animal studies, studies on patients< 18 years of age, case
reports, and abstracts presented at scientific meetings were excluded.
Studies on isolated cervical spine surgeries were excluded as cervical spine
and thoraco-lumbar surgeries may differ amongst concepts, such as air-
way management, and perioperative complications. The literature pri-
marily focused on elective surgeries, however appropriate parallels may
be drawn for an urgent or emergent procedure.

Results: A total of 3289 articles which met inclusion criteria were included
for Level I review, 1315 articles were selected for Level II, and 675 articles
were selected for Level III screenings. A total of 213 articles were included in
the final analysis. Table 1 summarizes the class and level of evidence for
recommendations. Table 2 summarizes all researched preoperative anesthesia
elements and associated level of evidence based on the literature review. The
highest level of evidence exists for perioperative antifibrinolytics, methadone,
dexmedetomidine, and wound infiltration with local anesthesia.
Discussion: There is varied level of evidence for anesthesia-specific elements
that may be included in ERAS Spine pathways. Despite ERAS society
pathways, anesthesia specific elements overall lack high quality data re-
garding outcomes and benefits. This review informed the upcoming SNACC
consensus statement on ERAS Spine and could help guide future research.
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FIGURE 2. Intraoperative photos demonstrating strategic posi-
tioning and draping to allow chest access beneath the sterile drapes
for serial breast examination, manual expression or mechanical
pumping (A). In this case, the breasts weremonitored every 2-3h to
ensure no signs of engorgement and mechanical pumping was
successfully performed by the anesthesiologist after completion of
tumor resection prior to emergence, removing 50 cc breastmilk (B).

TABLE 1. Summary of Class (Strength) of Recommendation
and Level (Quality) of Evidence Applying Class of
Recommendation and Level of Evidence to Clinical Strategies,
Interventions, Treatments, or Diagnostic Testing in Patient Care
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[SNACC-463] A Case Exemplifying Perioperative Stroke Risk
Reduction and Prevention
Raslan Y, Summers S, Bailey C. University of Cincinnati Medical Center,
Cincinnati, OH, United States.

SNACC 2021 Abstract
University of Cincinnati Medical Center Department of Anesthesiology
Yousef Raslan DO PGY-2, Steve Summers DO PGY-4, Cassandra
Bailey, MD
A 67-year-old woman with a history of chronic pain, DVT, hypertension
presented for T8 – Iliac fusion. She reported a left posterior cerebral
artery stroke 6 weeks prior with residual peripheral right sided vision loss.
Post stroke she was placed on 21 days of dual anti platelet therapy in
which she was compliant. However, she had not had an echocardiogram
as part of the work up of her stroke etiology.

TABLE 2. Class of Recommendations and Level of Evidence for
Elements to be Considered in Enhanced Recovery Pathway for
Patients Undergoing Major Complex Spine Surgery
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Given that her stroke was only 6 weeks prior and that she had not had a
complete work up, the 2020 SNACC guidelines for perioperative care of
patients at high risk for stroke were discussed with the patient and sur-
geon the morning of scheduled surgery. Ultimately, given the 12 hour
length of prone surgery that was scheduled and the expected high volume
blood loss, the decision was made to postpone her spine surgery until
more time had lapsed post stroke. The patient was also referred to
neurology for appropriate stroke work up which she received.
As part of her workup, an echocardiogram revealed a large right to left
atrial level shunt through an undiagnosed patent foramen ovale (PFO).
Review of her imaging indicated that this had high probability of being the
embolic etiology as there was no significant burden of small vessel disease
and she did not have a high atherosclerotic burden on CT angiogram. She
was referred to a Cardiologist and underwent successful closure of her PFO.
She is currently on Xarelto and is still awaiting her spine surgery.
This case involving a very high-risk patient desiring elective surgery high-
lights a common dilemma faced by anesthesia providers everywhere in that
patient safety, regardless of the situation at hand, is always a priority. It also
emphasizes the importance of understanding the most recent evidence-
based guidelines to prevent perioperative stroke in high risk patients. Be-
cause of the vigilance of the anesthesia team, the patient avoided un-
necessary risk and received the appropriate workup and management to
further minimize risk for devastating injury prior to a future surgery.

[SNACC-464] Sevoflurane and Desflurane Conditioning Following
Subarachnoid Hemorrhage Confers Pleiotropic Protection Against
Delayed Cerebral Ischemia
Jayaraman K, Liu M, Zipfel G, Athiraman U. Washington University in
Saint Louis, Saint Louis, Missouri, United States.
Background: We recently reported that conditioning with an inhalational
anesthetic, isoflurane provided multifaceted protection against sub-
arachnoid hemorrhage (SAH) induced delayed cerebral ischemia (DCI)
including improved short-term neurological deficits.1 Whether, other
commonly used inhalational anesthetics such as sevoflurane and des-
flurane provide similar level of protection is not known. The aim of our
current study is to examine the potential role of sevoflurane and des-
flurane conditioning against SAH-induced DCI.
Materials and Methods: After the IRB approval for animal studies,
twelve-week-old wild type male mice (C57BL/6) were divided into four
groups - sham, SAH, SAH with 2% sevoflurane and SAH with 6% des-
flurane. Experimental SAH via endovascular perforation was performed
with a 5-0 blunted nylon suture. Normothermia was maintained with the
homeothermic blanket. Anesthetic conditioning was performed with
sevoflurane 2% and desflurane 6% for 1 hour, beginning 1 hour after
SAH. Vasospasm measurement in the middle cerebral artery vessel and
microvessel thrombosis was assessed 72 hours after SAH. Neurological
outcome was measured at baseline and for next three days until the
animals were sacrificed. Data was analyzed by one and two-way AN-
OVA followed by student newman-keuls multiple comparison test. Sta-
tistical significance was set at P< 0.05.
Results: Sevoflurane and desflurane conditioning attenuated large artery
vasospasm and improved neurological outcomes induced by SAH. In
addition, both inhalational anesthetics provided significant protection
against one other major contributor of DCI, namely microvessel
thrombosis. No significant difference in the neurovascular protection was
noted between the sevoflurane and desflurane anesthetics.
Conclusion: Our study provides critical evidence demonstrating that the
commonly used inhalational anesthetics in the clinic provides strong
multifaceted protection against neurovascular deficits induced by SAH.
These results coupled with our previous preclinical findings strongly
suggest that inhalational anesthetics provide robust protection against
DCI after SAH. Future studies investigating the effects of sevoflurane
and desflurane conditioning on long-term neurological outcomes after
SAH are warranted. In addition, exploring the underlying molecular
mechanisms of inhalational anesthetics are essential for the potential
development of new therapeutics for SAH patients.
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[SNACC-465] Critical Hemispheric Asymmetry Captured by
Processed Electroencephalogram During General Anesthesia
Nycz B, Dean C, Papangelou A. Emory University, Atlanta, Georgia,
United States.
Processed electroencephalogram (pEEG) has long been used to monitor
depth of anesthesia.1 Expanded utility outside of evaluating amnesia has
been investigated in recent years intraoperatively and in critical care
settings.2,3 There is contradictory evidence for the use of pEEG to pre-
vent postoperative delirium.4 Although EEG has been extensively used to
detect ischemia during carotid endarterectomy, limited literature exists
using pEEG with spectral analysis to detect ischemia in other surgeries.5
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This case depicts a 65-year-old male with pertinent history of dialysis-
dependent end-stage renal disease, severe vascular disease with complete
left carotid occlusion and greater than 50% right carotid stenosis, and
ruptured abdominal aortic aneurysm status-post repair presented for left
first rib resection and left central venous angioplasty under general an-
esthesia with sevoflurane. Following induction, pEEG (Root with Sed-
Line; Masimo, Irvine, California) demonstrated hemispheric asymmetry.
With the addition of a norepinephrine infusion to mean arterial pressures
(MAP) greater than 95mmHg, the spectral edge frequency gap narrowed
and near mirroring occurred of the density spectral array. With MAPs
less than 90mmHg, discordance reoccurred. Prior to extubation and at
case completion, pEEG displayed spectral mirroring and the patient was
extubated (Fig. 1). A neurological examination was conducted post-
operatively without new sensory or motor deficits. This case depicts
noteworthy focal spectrographic ischemia captured by pEEG in the
setting of known carotid stenosis. While originally intended to guide
depth of anesthesia, this case highlights the potential use of pEEG to
capture hypoperfusion while maintaining adequate amnesia. In this case,
pEEG directed vasoactive support to minimize spectral asymmetry.
Furthermore, intraoperative findings suggestive of critical ischemia led to
interdisciplinary discussion and further workup postoperatively.
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[SNACC-466] The Importance of Point-of-Care Ultrasonography
(POCUS) in Neuroanesthesiology Fellowship Training
Kositratna G, Sridhar S, Ferrario L. The University of Texas Health
Science Center at Houston, Houston, Texas, USA.
Introduction: Point-of-care ultrasound (POCUS) is a crucial skill for all
anesthesiologists. While training for such skill is becoming part of re-
gional anesthesiology fellowship training, none has been incorporated
into neuroanesthesiology fellowship programs. We present a case of near
fatal pulmonary embolism (PE) during complex spine surgery, in which
POCUS was utilized to help promptly diagnose and guide resuscitation.
We address that a structured education regarding POCUS is needed and
should be a component of neuroanesthesiology fellowship curriculum.

FIGURE 1. Intraoperative spectrograms of processed electroencephalogram (Root with SedLine; Masimo, Irvine, California) during
general anesthesia with sevoflurane. A, Post-induction. B, Addition of norepinephrine to maintain mean arterial pressures (MAP)
greater than 95mmHg. C, Cessation of vasoactive support allowing MAPs to drop to a nadir of 65mmHg. D, Extubation.
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Case Description: Seventy-five years old obese male presented for a
4-level revision of posterior lumbar fusions that lasted 6 hours. Anes-
thesia was conducted with ERAS approach, using erector spinae blocks,
ketamine, dexmedetomidine and tranexamic acid infusions. At the end
while turning from prone to supine, he suddenly became hypoxic with
(SpO2 88-92%), bradycardic and hypotensive (HR 30 bpm, Ps 50-60
mmHg) requiring high doses of epinephrine and vasopressin for hemo-
dynamic support. Arterial blood gas revealed high-gap metabolic acidosis
and respiratory acidosis with a PaCO2-ETCO2 gradient of 30 mmHg.
Given the state of shock, bedside POCUS was performed to exclude
pneumothorax and hemothorax which could be potential complications
from lumbar spine surgery. The patient however was found to have acute
cor pulmonale as evidenced by severe right ventricular and pulmonary
artery dilatation and significant ventricular interdependence. Acute
massive pulmonary embolism was highly suspected; hence, ex-
tracorporeal membrane oxygenation (ECMO) was initiated shortly
thereafter. CT angiogram revealed bilateral submassive PE. The ECMO
was continued for 5 days, and the patient was extubated on day 10
without neurologic sequelae.
Discussion: Massive PE is a feared complication during complex spine
surgery, with 70% of the patients die within the first hour of the symptom
onset.1 CT angiogram is a standard diagnostic tool but is often times not
feasible in many situations. Recently, combination of heart, lung, and leg
vein ultrasound has been investigated as an alternative diagnostic ap-
proach for PE and was found to have a sensitivity and a specificity of 90%
and 86.2% respectively.2 This supports the role of POCUS in decision
making during time-sensitive emergency as exactly happened in our pa-
tient. Outside neuroanesthesia community, demand for the training of
POCUS is growing among other subspecialties. Therefore, The American
Society of Regional Anesthesia and Pain Medicine (ASRA) has released
the first narrative review to provide recommendations for such training,3

and it is expected to see vast adaptation from many institutions based on
these guidelines. Given the increased number of complicated neuro-
surgical patients presenting for even more complex procedures nowadays,
it is inevitable for neuroanesthesiogists to manage any unexpected crises
should they happen, and the POCUS will be a powerful tool for the
diagnosis and the management of those crises.
Conclusions: We urge our community that all neuroanesthesiologists
should be competent with POCUS, and a structured education for PO-
CUS should be part of the neuroanesthesiology fellowship training.
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[SNACC-467] Impact of Frailty on Post-operative Complications
in Spine Surgery
Misquita L*, Luoma A†, D’Antona L†, Mazzola F‡, May R†. *The
National Hospital for Neurology and Neurosurgery, University College
London Hospitals, London, United Kingdom; †The National Hospital for
Neurology and Neurosurgery, University College London Hospitals,
London, UK; ‡Imperial College Healthcare NHS Trust, London, UK.
Introduction: Frailty is a measure of how the accumulation of health and
functional problems make older people vulnerable to poor health out-
comes. A recent study reported that frailty is present in 4% of the spine
surgical population and independently predicts major post-operative
complications and prolonged length of stay (LOS).1

Aim: To improve perioperative care of older patients undergoing spine
surgery, this audit was undertaken to:

1. Identify the prevalence of frailty in patients.
2. Evaluate the impact of frailty on postoperative outcomes.
Methods: The audit was registered with Queen Square’s quality and
safety department, reference number: 45-201920-SE.
200 consecutive patients listed for spinal surgery between October to
December 2019 were included in this retrospective analysis. Electronic
health records were reviewed to collect demographic data, assess frailty,
LOS and incidence of post-operative complications within 30 days of
surgery graded using the Clavien-Dindo classification.2 Frailty was as-
sessed using the Rockwood Clinical Frailty Scale3 (CFS). Data was di-
chotomised (< 65 y vs. > 65 y).
Linear regression models were used to test the correlation between CFS
score (independent variable) and both complications and LOS (depen-
dent variables). Descriptive data is presented as medians (range). Data
was dichotomised by age (< 65 y vs. > 65 y) and frailty (CFS< 5 vs. > 5).
Data was analysed using Stata/MP 16.0.
Results: A complete data set was recorded for 194 patients (Table 1). The
prevalence of frailty, CFS score > /= 5 in our cohort was 22% and 33%
in those over 65 years.
An increased CFS score was associated with post-operative complica-
tions (Adj R2 0.0525; Beta coef 0.19; 95% CI 8-30%; P= 0.01). The
adjusted linear regression model confirmed the association (Adj R2 0.27;
Beta coef 0.16; 95% CI 2-30%; P= 0.02). The model also confirmed an
association in patients > 65 years (Adj R2 0.05; Beta coef 0.20;95% CI
0-45%; P= 0.02). The linear regression model adjusted for confounders
did not show an association between CFS score and LOS (P value=
0.54).
Conclusion: The association between complications and increased CFS
score in this study highlights the importance of including the presence of
frailty in peri-operative decision-making. Our next step is to develop a
dedicated patient pathway for frail, multi-morbid patients. This service
could include perioperative comprehensive geriatrician-led care, further
developing support from specialist services such as occupational and
physio- therapists, and increased postoperative social support.

TABLE 1. Baseline Characteristics of the Study
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[SNACC-468] Awakening to the Risks of Kratom in General
Anesthesia Using EEG
Graves C, Fejleh A, Gertsch J, Beaumont T, Tran M, Pearn M, Srejic U.
UC San Diego, La Jolla, CA, United States.
Kratom (Mitragyna speciosa) is an accessible, unregulated psychoactive
herbal supplement with a unique pharmacologic profile that is increas-
ingly popular in the US for its dose dependent stimulant or opioid-like
effects. It is used recreationally and as an alternative to manage symp-
toms of chronic pain.1 Its active alkaloids exert opioid and alpha-2 ag-
onistic effects as well as activity at adenosine 2, dopamine, and 5-HT7
receptors that are not fully characterized.2 Despite its potential for abuse,
drug interactions and adverse events, a paucity of literature exists to
demonstrate its behavior with anesthetics in the operating room and
perioperative period beyond the notion that it increases theoretical risk
for intraoperative awareness and potential anesthetic requirements. We
present the case of a 35-year-old male with a year long history of high
dose kratom use for pain who exhibited an unusual response to induction
and maintenance of general endotracheal anesthesia identified by relative
decrease in expected percent electroencephalogram (EEG) burst sup-
pression3 while undergoing resection of an incidental pituitary adenoma.
Kratom was discontinued preoperatively with no withdrawal symptoms
reported. On induction with generously dosed midazolam, fentanyl,
propofol, rocuronium, and sevoflurane, the patient responded forcefully
to laryngoscopy with significant movement of all extremities without any
variations from his pre induction vital signs. Additional dosing of anes-
thetic, paralytic and volatile facilitated intubation, still with slight
movement but no change in vital signs. Neuromonitoring, including
continuous, raw EEG and evoked potentials, was used in this case due to
the tumor’s suprasellar and cavernous extension. Maintenance was es-
tablished with propofol and sufentanil infusions, followed by a gradual
down titration of sevoflurane to less than 0.5 MAC to optimize neuro-
monitoring signals. Consequently, the patient had an abrupt drop from
50% relative suppression on EEG to approximately 0% (Fig. 1A). One
hour after administration of lorazepam to increase depth, 50% relative
suppression on EEG was again achieved (Fig. 1B) and maintained
allowing for down titration of volatile anesthetic. Slow down titration of
propofol hours into the case resulted in another unexpected drop in burst
suppression, which was mitigated again with volatile anesthetic until
emergence. There were no significant hemodynamic changes with surgical
stimulation throughout the case. Emergence and extubation were smooth

despite higher than usual anesthetic administered for the case. As
expected, the patient had increased pain medication requirements
managed with multimodal analgesia. The patient did not report
intraoperative awareness or withdrawal post operatively. This case
demonstrates: 1. The integration of EEG as a part of the clinical decision-
making process to predict and achieve adequate depth of anesthesia.
2. Kratom’s potential to mask variations in depth of anesthesia with
hemodynamic stability raising the question of increased risk of
intraoperative awareness in these patients and 3. The importance of the
anesthetists familiarity with Kratom’s use in the population, its
pharmacologic profile and possible implications in the pre, intra, and
postoperative periods-including the lack of available urine drug screen.
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[SNACC-469] Endovascular Therapy for Acute Ischemic Stroke –
Impact of an SOP on Anesthesia Care
Noppens md R*, Saied K†. *LHSC, Ontario, Canada, London, Ontario,
Canda; †C.S.S., Panama, Panama, Panama.
Introduction: Acute ischemic stroke (AIS) for endovascular therapy is a
time-critical emergency, with the number of patients who undergo this
procedure currently on the rise. SNACC published an expert consensus
statement in 2014,1 however very little is known about current involve-
ment and impact of anesthesia care and strategies in the treatment of
these patients. Thus, we initiated a quality improvement (QI) project at
the London Health Sciences Center in London, Ontario, in order to
identify current anesthesiologists approaches and potential areas of im-
provements.
Materials and Methods: After REB approval, AIS cases that underwent
endovascular therapy from March 2015 to October 2017 were retro-
spectively reviewed. In November 2017 a standard operational procedure
(SOP) was introduced (“intervention”) and the second cycle of data re-
view was initiated covering November 2017 to December 2018. The SOP
addressed an interdisciplinary management approach, introduced a

FIGURE 1. Raw continuous EEG images with adjustments to anesthetic. Raw EEG capturing drop to 0% burst suppression (A) with
attempt to slowly down titrate volatile anesthesia and transition to TIVA for improved neuromonitoring signals and (B) im-
provement in anesthetic depth to approximately 50% burst suppression under TIVA after administration of lorazepam.
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paging system, monitoring requirements and defined indications for an-
esthesia technique and physiologic targets. According to SQUIRE
guidelines,2 patient characteristics, the timing of procedures, anesthesia
techniques, and post-interventional transfer were evaluated. Data is
presented as either an absolute number, percentage, or median (IQR).
Mann-Whitney or Chi-square tests were performed where appropriate. A
P< 0.05 was considered as statistically significant.
Results and Discussion: 265 patient records were analyzed (before inter-
vention: 139, after 126). Presence of anesthesia was in 88 out of 139 (63%)
cases before intervention and 126 out of 126 (100%; P< 0.001) after.
Time from hospital arrival until the start of anesthesia was 57 minutes
(40-80), compared to 46 minutes after intervention (30-62; P= 0.002).
General anesthesia was used in 34/139 (24%) before, and in 25/126 (20%;
P= 0.37) after the intervention. Regarding total procedure time was
110 minutes (85-145) and 100 minutes (66.25-130; P= 0.03), respectively.
Also of note, after the introduction of SOP, fewer patients were trans-
ferred to ICU after endovascular therapy (19/126 (15%) vs. 36/139 (25%);
P= 0.03).
Conclusion: Use of a SOP for endovascular therapy in patients with acute
stroke, results in a frequent and timely involvement of anesthesia and
reduces the time until the start of procedure, total length of procedure,
and frequency of ICU admissions. Currently, a third cycle of data review
(January to October 2019) has been initiated. The next step in this project
will aim to evaluate the impact of this intervention on neurologic patient
outcome.
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[SNACC-470] Anaesthetic Management and Outcomes of Octo-
genarian Patients Undergoing Spinal Surgery: A Single Centre
Retrospective Study
Sarao S*, Srinivasaiah R†. *The Walton Centre, Liverpool, Liverpool,
United kingdom; †The Walton Center, Liverpool, England, United Kingdom.
Introduction: The United Kingdom has 3.2 million people aged 80
and above and this is likely to double in the next 25 years.1 With an
increasingly ageing population, the number of people with spinal

degenerative disorders requiring surgery will rise in the coming years.
Elderly patients have a higher risk of developing perioperative compli-
cations. We aimed to investigate the anaesthetic management, perioper-
ative complications and postoperative outcome of the octogenarian
patients who underwent spinal surgery in our centre.
Methods: We conducted a retrospective case notes review of the octo-
genarian patients who underwent spine surgery during one year period in
2019 at The Walton Centre, Liverpool. Data collected were demographic
details, American Society of Anaesthesiologist grade (ASA), surgical
procedure, frailty score, pre-op risk stratification, comorbidities, anaes-
thetic technique, post-op destination and surgical outcome at 3 months.
Results: A total of 44 patients underwent spine surgery with an age range
from 80 to 88 years (mean age: 83.2 y). 30 patients had lumbar spine
surgery, 12 had cervical spine surgery and 2 had surgery at the thoracic
level. There were 26 ASA 2 patients, 16 ASA 3, and 2 were ASA 4. Our
study group had multiple medical comorbidities like hypertension (54%),
coronary artery disease (16%), atrial fibrillation (14%), diabetes (14%),
chronic obstructive pulmonary disease (9%), history of cancer treatment
11% and stroke (7%). 40 out of 44 patients had risk stratification by ASA
scoring, 2 patients were risk stratified by using PreOperative Score to
predict PostOperative Mortality (POSPOM) score and one patient had
frailty risk assessment. 43 patients received inhalational anaesthesia and
one patient had total intravenous anaesthesia. Intraoperative hypo-
tension was observed in 32% of the cases (≥ 20% reduction from baseline
persisting ≥ 10 minutes). 90% of the patients had level 1 post-op care, 5%
had level 2 and 5% had level 3 care. Our study group had a major post-op
complications rate of 13.6% which included one death, congestive heart
failure, hospital-acquired pneumonia, haemoptysis and aspiration. Other
post-op complications were hypotension (14%), constipation (9%), de-
lirium (9%), urinary retention (7%), falls (2%) and seizures (2%). Length
of hospital stay varied from 2 to 49 days with the median length of
hospital stay being 4.5 days. Surgical review after 3 months indicated
symptomatic improvement in 82% of the patients and the remaining 18%
had either worse or no improvement of their symptoms.
Discussion and Conclusion: Elderly patients have a higher rate of peri-
operative complications due to reduced physiological reserve, medical
comorbidities, polypharmacy, cognitive decline and frailty. Studies have
shown up to 50% of the older population could be frail, which not only
doubles the risk of mortality and morbidity but also increases the in-
cidence of new-onset disability.2 Postoperative delirium is common in this
group and results in delayed rehabilitation. Multimodal intervention
strategies are recommended for preventing postoperative delirium.3

In our study, the patients who experienced post-op complications required
a longer hospital stay compared to those who had none. Although surgery
provided symptomatic improvement in 82% of the patients, it was asso-
ciated with a 13.6% risk of serious complications and a mortality rate of
2.2%. We would like to conclude that spinal surgery can be performed
with good outcomes in a carefully selected group of octogenarians.
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[SNACC-472] Perioperative Use of Dobutamine for Blood Pres-
sure Support in Patients With Moyamoya Disease Undergoing
Revascularization Surgery
Abdalrahman A, Kositratna G, Riha K, Le T, Ferrario L. The University
of Texas Health Science Center at Houston, Houston, Texas, USA.
Hemodynamic management during surgical revascularization for
Moyamoya disease (MMD) is challenging. Due to the vasoocclusive
nature of the disease,1,2 avoiding hypotension and maintaining
hemodynamics are crucial. Vasoconstriction at the affected vessels is

Abstracts J Neurosurg Anesthesiol � Volume 33, Number 4, October 2021

392 | www.jnsa.com Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

Copyright r 2021 Wolters Kluwer Health, Inc. All rights reserved.

https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationprojections/bulletins/nationalpopulationprojections/2018based
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationprojections/bulletins/nationalpopulationprojections/2018based
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationprojections/bulletins/nationalpopulationprojections/2018based
https://doi.org/10.1186/s12877-020-1449-8


aggravated by most sympathomimetic agents except dobutamine, which
increases the blood pressure via augmentation of stroke volume and heart
rate.3 Despite favorable profile, the use of dobutamine during MMD
revascularization surgery has never been described. We present a series of
2 patients undergoing MMD revascularization in which dobutamine was
used successfully and safely for hemodynamic support.
Case I: A 47-year-old female presented with right hemiparesis sec-
ondary to left middle cerebral artery (MCA) ischemic stroke. She was
diagnosed with stage IV MMD in both cerebral hemispheres and un-
derwent left superficial temporal artery to left MCA bypass. General
anesthesia with controlled ventilation was performed using standard
ASA monitoring, post-induction arterial line, and perioperative EEG.
Anesthesia was maintained with propofol, remifentanil, and 0.5 MAC
of sevoflurane. PaCO2 was kept at a normal range between 35 and 40
mmHg. Adequate urine output was achieved throughout the operation.
The patient received 500 ml of 5% albumin before induction. Dobut-
amine at 2.5 mcg/kg/min was started right after induction and adjusted
to maintain mean arterial pressure (MAP) 20% above the baseline.
Small boluses of vasopressin were given during burst suppression to
maintain MAPs at goal. Heart rates were however relatively stable with
only a 15-minute episode of tachycardia at 125 bpm noted without
changes on EKG.
Case II: A 43-year-old female with history of MMD in bilateral cerebral
hemispheres presented for left superficial temporal artery to left MCA
bypass. Her history was significant for repeated ischemic strokes since the
age of 28. The last episode was 5 months prior, resulting in residual right
arm weakness, mild expressive aphasia, and decreased vision. Her other
medical problems included hypertension, type II diabetes, and hypo-
thyroidism. Anesthesia was conducted using the same technique and
monitoring as in the first patient. PaCO2 was kept between 38 and 40
mmHg. Blood glucose was in normal range. Since her baseline systolic
pressure was 150mmHg, decision made from communication with the
surgery team was to keep her systolic pressure between 140 and 180
mmHg. Therefore, dobutamine infusion was titrated between 2 and 6
mcg/kg/min to achieve the pressure goal without additional vasopressin
or albumin given. There was no episode of tachycardia or arrhythmia
observed throughout the operation.
In both cases, the bypassed grafts remained patent and fully functional
intra-operatively. Both patients were extubated at the end and appeared to
be at their neurologic baselines. This series demonstrates successful in-
traoperative management of MMD revascularization using dobutamine
without significant side effects. We conclude that dobutamine is a prom-
ising sympathomimetic drug that can be used for hemodynamic support
during the intra-operative period of MMD revascularization.
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[SNACC-473] “Mannitol Versus Placebo for Brain Relaxation
During Cerebellopontine Angle Tumour Resection: A Randomized
Control Trial”
Regmi S, Jangra K, Singh N, Joys S, Bhagat H, Mohindra S. Post
Graduate Institute of Medical Education & Research, Chandigarh, India.
Introduction: Although the benefit of decongestant therapy is well estab-
lished in traumatic brain injury and supratentorial lesions, the literature
regarding its use in posterior fossa tumours for reduction of intracranial
pressure (ICP) is very sparse. Hence, this study was conducted in patients
undergoing cerebellopontine angle (CPA) tumour surgeries in supine
position to asses if mannitol was advantageous in relaxing the brain.

Methods: A prospective, single-centre, double-blind, randomized control
trial was conducted for patients undergoing CPA tumour resection in
supine with head turn position under general anaesthesia from January
2019 to June 2020 by the Department of Anaesthesia and Intensive Care
at Postgraduate Institute of Medical Education and Research (PGIM-
ER), Chandigarh after approval from Institutional Ethics Committee
(IEC) and obtaining written and informed consent from the patients. The
primary outcome was to compare intraoperative brain relaxation score
(BRS) by surgeons at the time of dural opening. The secondary outcomes
included comparison of BRS by anaesthesiologists, serum electrolytes,
serum osmolality, intraoperative hemodynamic, perioperative complica-
tions, and the total duration of hospital stay until discharge.
Results: Amongst sixty one patients that were analysed, a total of 33
patients received 1g/kg of mannitol (Group-M) and 28 patients received
the same volume of normal saline (Group-P). The median BRS scores
were comparable between both the groups (P= 0.798, 0.642, 0.868,
0.636). Group-M developed hyponatremia (P= 0.011) and hyperkalemia
(P= 0.003) after one hour of mannitol infusion. There was statistically
significant fall in systolic blood pressure in group-M (P= 0.020) at
120 minutes. However it was not clinically significant. Intraoperative
urine output was significantly higher in group-M (P= < 0.0001).
Conclusion: We conclude that brain relaxation score was comparable in
both the mannitol and placebo group in CPA surgeries conducted in
supine with head turn position. In addition, mannitol group suffered
more complications in the form of diuresis and electrolyte imbalances.

[SNACC-474] Neuroprotection and Maneuvers for Jehovah’s
Witnesses for Aneurysm Surgery
Fjotland C, Esser C. Rutgers Robert Wood Johnson University Hospital,
New Brunswick, NJ, United States.
Introduction: Unexpected bleeding can commonly occur during neuro-
surgery particularly aneurysm clipping and this can easily be treated with
blood products. However, when the patient is a Jehovah’s witness and
refuses allogeneic blood transfusions, this becomes a predicament. It is
common to be concerned about Jehovah’s witnesses undergoing
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intracranial aneurysm clipping because of the increased risk of bleeding
and hemorrhage. One study showed increased time in the ICU, 15%
longer hospital stay and increased convalescence days were necessary
for Jehovah’s witnesses compared to the controls. More likely than not
these individuals will require more controlled hypotension for the
surgery which carries a higher risk with patients that have severe car-
diovascular disease. Approaches to Jehovah’s witnesses includes pre-
operative optimization of anemia, perioperative collection of
autologous blood and use of recombinant erythropoietin and factor
VIIa. Tranexamic acid (TXA) is often used to help decreased bleeding,
commonly in cardiac surgery. It has been successful for traumatic brain
injury (TBI) patients as well as for subarachnoid hemorrhage (SAH)
cases and spine surgery.
Case: 46 year old Jehovah witness female presented for craniotomy for
aneurysm clipping left PCOM. No other PMHx, denied family history of
any bleeding disorder. No surgical history. Labs preop were all stable,
H/H normal with no anemia. Two large bore IV’s were placed and ar-
terial line. Induced with lidocaine, fentanyl, propofol and small dose of
rocuronium. Direct laryngoscopy using MAC 3 blade, 7.0 ETT placed
without difficulty. Pt placed on TIVA with propofol and remifentanil.
Cell saver machine was set up in case of increased intraop blood loss.
Mannitol 1 g/kg was administered.
Results: EBL for the procedure was minimal. Patient did well and follow
up after the procedure showed no abnormalities.
Discussion: One review actually showed a decreased amount of blood
loss in Jehovah’s witnesses compared to controls. Morbidity and mor-
tality rates of those who underwent neurosurgery was not higher com-
pared to the controls, which was mentioned in multiple articles.
Preoperatively, these patients need to be thoroughly interviewed and
examined. What specific blood product interventions they will allow
needs to be addressed and if anemic, iron therapy may be started weeks
prior to surgery.
Possible TXA use for aneurysm surgery appears to be controversial.
There has shown 20% decrease in mortality for patients treated with
TXA for SAH. Also, a rebleed rate decreased from 10.8 to 2.4% with
use of TXA in SAH patients. TXA has been shown to be beneficial in
TBI patients too. The most likely mechanism of TXA helping to de-
crease progression of hemorrhage in TBI is due to its antifibrinolytic
activity and it may inhibit the effect of tissue plasminogen activator.
Studies have shown that TXA use has helped to decrease allogeneic
blood transfusions without increased thromboembolic events and seen
beneficial for obstetric, liver, orthopedic and neurosurgical proce-
dures.
Ultimately, special care needs to be taken in Jehovah’s witnesses patients
undergoing intracranial aneurysm clipping but it is not something that
needs to be avoided. Controlled hypotension along with cell saver devices
can be utilized to help diminish blood loss during the surgeries and still
honor these patients’ wishes and religious beliefs. Not completely ideal
but still doable.
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[SNACC-475] Postoperative Delirium After Elective Meningioma
Resection (Case Report)
Zakarevicius Z, Gelfenbeyn M, Ravanpay A. VA Puget Sound Health
Care System, Seattle, WA, USA.
Introduction: Postoperative delirium (POD) is an acute and reversible
deterioration of mental status after anesthesia and surgery. The reported
incidence varies from 3% to 21% in adult patients undergoing elective
non-intracranial surgeries. POD is associated with adverse outcomes and
impaired recovery. So far, there is a scarce data about POD incidence,
risk factors and management options in patient after intracranial neu-
rosurgery.
Case Description: A 58-year-old AAF was admitted for left frontal
craniotomy for brain tumor resection. Preoperatively, a workup for
headache had revealed left frontal lobe mass consistent with meningi-
oma, increasing in size on serial follow-up MRI studies. Her other past
medical history was significant for Gulf War Syndrome, Epilepsy,
Cervical Radiculopathy, HTN, OSA, Megaloblastic Anemia, Chronic
Pain Syndrome. The patient proceeded to the operating room for
elective brain tumor resection with stable vital signs and a normal
neurologic examination preoperatively. General anesthesia was per-
formed with IV induction and indirect laryngoscopy was utilized for
intubation. A total intravenous anesthetic was maintained with dex-
medetomidine, propofol and remifentanil, under standard ASA mon-
itors and arterial line. Meningioma resection was completed with
minimal blood loss and the patient was extubated under dexmedeto-
midine infusion (0.2 mcg/kg/hr), which was discontinued before trans-
fer to ICU. Thirty minutes after admission to ICU, the patient acutely
became disoriented, agitated, and combative, self-discontinuing pe-
ripheral IV lines. In response, restrains were placed, new PIV access
was obtained and propofol was administered. Stat CT of the head was
performed in response to mental status alteration but showed only
expected post-surgical changes. Continuous infusion of dexmedetomi-
dine was initiated for treatment of presumptive POD. However, the
patient developed hypotension (80/65 mmHg) and bradycardia (53
bpm) in response to dexmedetomidine at 1 mcg/kg/hr, at which point
the infusion was stopped and POD treatment was continued with
haloperidol. Gradual improvement noticed during first 24 hours and
haloperidol therapy was stopped on postoperative day 2 after patient
recovered normal mental status. The patient was stable for discharge
from ICU on postoperative day 4 and to home on postoperative day
10. Neurosurgery follow-up at two and four weeks after surgery con-
firmed the patient was recovering in stable condition.
Discussion: Risk factors proposed in the literature for POD after cra-
niotomy are male sex, history of long-term use of anti-depressant drugs
or benzodiazepines, frontal surgical approach, method and duration of
anesthesia and endotracheal intubation. TIVA and anesthesia of short
duration are considered protective factors. Physiologic changes resulted
from POD may cause intracranial hemorrhage, cerebral edema, or is-
chemic injury secondary to elevated oxygen consumption. The efficacy
and safety of dexmedetomidine therapy in prevention and management
of POD have been validated in patients undergoing non-cardiac sur-
geries, though some patients might experience adverse hemodynamic
effects, requiring prompt recognition and treatment. Antipsychotic
medications such as haloperidol offer another pharmacologic option for
acute POD treatment.

[SNACC-476] National Institutes of Health Clinical Research
Funding and In-Hospital TBI-Related Mortality
Alinani A, Mills B, Gause E, Vavilala M, Lele A. University of wash-
ington, Seattle, WA, USA.
Introduction: Higher federal research funding levels may improve patient
outcomes. We examined this relationship between traumatic brain injury
(TBI) funding and TBI-related mortality.
Methods: Using an ecological time series analysis, we examined the linear
trend in clinical TBI research funding in 2000 USD, (National Institutes
of Health [NIH] RePORTER) and in-hospital isolated TBI mortality
(National Trauma Databank, TBI-related ICD-9 or ICD-10 code, ab-
breviated head injury score > 2 and body region score <2 with ICU
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admission, age > 15 y) between 2007-2015. Mortality was measured as
the rate of in-hospital deaths per 10,000 isolated TBI hospitalizations.
Linear regression was used to assess the relationship between mortality
rate and total funding, lagged 1 to three years, both overall and within
ten-year age groups.
Results: Mean annual NIH-TBI research funding between 2004-2015 was
$67.06 million (lowest: 2008; $48.79 million, highest: 2005; $77.34 million).
The final sample consisted of 285,300 encounters of patients 15 years and
older. The majority of patients were male (67.5%), 39.8% were transferred
from referral facility, and 59.9% had polytrauma, meaning they had a
documented AIS score for another body region other than the head that
was less than or equal to 2. Patients had median intensive care unit (ICU)
length of stay of 4.4 [IQR 1, 5] days, and a median hospital length of stay of
8.3 [3, 10] days. Overall, 169,353 (59.4%) had a good discharge outcome
and 39,506 (13.8%) patients either died or were discharged to hospice.
Overall, there was no statistically significant reduction in in-hospital TBI-
related mortality rate (deaths per 10,000 TBI hospitalizations per year over
the study period) but it did decreased for patients over 55 years of age. The
greatest mortality rate reduction occurred in patients 85 years and older
(−62.35 fewer deaths per 10,000 TBI hospitalizations per year over the
study period, 95% CI –92.45 to 32.25), followed by patients 75-84 years
(−44.41 fewer deaths per 10,000 TBI hospitalizations per year, 95% CI
–61.72, –27.09), patients 65-74 years (−47.60 fewer deaths per 10,000 TBI
hospitalizations per year, 95% CI –67.39, –27.81), and patients 55-64 years
of age (−15.15 fewer deaths per 10,000 TBI hospitalizations per year, 95%
CI –27.59, –2.72). There was no association between funding in the previous
three years and in-hospital-TBI-related mortality.

Conclusion: NIH funding for TBI research fluctuated from 2004 to 2015.
In-hospital mortality rates decreased during the study period only for
patients 55 years and older. There was no association between funding
level and subsequent TBI-related in-hospital mortality.

[SNACC-477] Nitrous Oxide Abuse - No Laughing Matter.
Nitrous Oxide-Induced B12 Deficiency With a Normal B12 Level
Wan S, Tamrazian E, Rajyaguru M. Harbor-UCLA Medical Center,
Torrance, CA, USA.
Introduction: Nitrous oxide (N2O), also known as “laughing gas”, has
been used as an inhalational anesthetic for over 150 years. While the
intraoperative use of N2O is declining, this colorless and odorless gas is
still being misused as a recreational drug, leading to some potential side
effects.
Case: A 21-year-old female presented with an unsteady gait and par-
esthesia for one week. Initial workup was unremarkable with normal
hemoglobin, B6, B12, folate, vitamin E, copper, lead, hemoglobin A1c,
HIV, and syphilis. Upon further investigation, patient endorsed a pro-
longed recreational use of N2O one week prior to onset. On exam, she
had profound deficits in sensation to touch, vibration, and proprio-
ception. Imaging with a spine MRI revealed an increased T2 signal in the
dorsal column of the spinal cord. Of note, while B12 level was normal,
further testing revealed a significant increase in methylmalonic acid at
37,080 nmol/L (Reference range 87-318 nmol/L), and homocysteine was
greater than 65mcmol/L (Reference range 5-15mcmol/L). She was given
B12 injections and noticed gradual improvement.
Discussion: Subacute combined degeneration is a syndrome caused by
B12 deficiency, classically attributed to various malabsorption syn-
dromes, but now seen in younger generations who are abusing substances
such as N2O which has specific mechanisms known to inhibit B12
function.1 Patients with functional B12 deficiency may become
symptomatic before B12 level falls. However, methylmalonic acid and
homocysteine levels are often elevated.2

Future Directions:During the COVID-19 pandemic, there were rationales
about how vitamins and zinc supplementations may boost immunity and
reduce COVID-19 symptoms.3 While taking vitamins may help prevent
B12 deficiency, excessive zinc intake can cause copper deficiency which
mimic B12 deficiency clinically with a normal B12 level.
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[SNACC-478] Propofol-induced Network Reconfiguration Can
Predict Recovery of Consciousness: A Pilot Study Using 18-Channel
EEG in Unresponsive Patients
Duclos C*, Maschke C*, Mahdid Y*, Nadin D*, Rokos A*, BadawyM†,
Létourneau J†, Arbour C‡, Plourde G†, Blain-Moraes S*. *McGill Uni-
versity, Montreal, Quebec, Canada; †McGill University Health Centre,
Montreal, Quebec, Canada; ‡Université de Montréal, Montreal, Quebec,
Canada.
Introduction: Predicting recovery of consciousness in unresponsive, brain-
injured individuals has crucial implications for clinical management and
decision-making. Current techniques to predict recovery of consciousness
are limited by their reliance on a patient’s ability and willingness to
respond to commands/stimuli or the requirement of expensive medical
equipment that is difficult to access at bedside. Here, we introduce an
entirely new metric for the prognostication of consciousness recovery in
coma and disorders of consciousness (DOC), the Adaptive Reconfigu-
ration Index (ARI), which quantifies brain network reconfiguration in
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response to a perturbation with propofol anesthesia, using 18-channel
electroencephalography (EEG).
Methods: We recruited 11 patients (39.5±15.8 y old, 7 women) in a DOC
following a brain injury. We recorded five-minute resting state epochs of
18-channel EEG on the healthiest hemisphere before, during and after pro-
pofol anesthesia at a target effect site concentration of 2.0 μg/mL. Data were
bandpass filtered from 0.1 to 50Hz and re-referenced to an average reference.
Non-scalp channels, and noisy epochs and channels were discarded. We
constructed functional connectivity networks using the weighted phase lag
index (wPLI)1 and directed phase lag index (dPLI)2 in the alpha (8-14Hz)
frequency band of all pairwise combinations of electrode channels on
10-second windows. wPLI and dPLI matrices averaged over the 5-min re-
cording were generated for Pre-Anesthesia, Anesthesia and Post-Anesthesia
epochs. The wPLI networks were used to calculate network hubs, while the
dPLI networks were used to quantify the network’s directed functional
connectivity. We quantified the standardized3 reconfiguration of network
hubs (HubRS) and dPLI (dPLIRS) by calculating the absolute differences in
the node degree across all electrodes and directed functional connectivity,
respectively, between Pre-Anesthesia, Anesthesia, and Post-Anesthesia ep-
ochs. HubRS and dPLIRS were then summed to obtain the ARI, which
represents the amount of topographic reconfiguration exhibited by EEG
networks when perturbed by propofol anesthesia. We compared the ARI of
patients who recovered consciousness 3 months following the EEG recording
(Recovered group), to that of patients who did not recover (Non-recovered
group), using Mann-Whitney U-tests. We conducted a k-means clustering
algorithm to assess prognostic accuracy of the ARI at the 3-month follow-up,
using a leave-one-subject-out cross validation. Significance was set at
P<0.05.
Results: The Recovered group had a significantly higher ARI than the
Non-recovered group (U= 28, P= 0.003), reflecting greater network re-
configuration in response to propofol. Using k-means clustering, the ARI
was able to separate both prognostic groups (i.e., Recovered vs. Non-
recovered) with 100% accuracy.
Conclusions: Our results suggest that using 18-channel EEG, the ARI is able
to predict recovery of consciousness within 3 months in unresponsive patients,
on a single-subject level. EEG and propofol anesthesia can be administered at
the bedside with no patient distress or contraindications, affording the ARI
tremendous translational potential for acute clinical settings.
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[SNACC-479] Use of a Modified Bite Block for Continuous
Transesophageal Echocardiography and Concurrent Transcranial
Motor Evoked Potentials During Spinal Surgery
Budiansky A, Miller E, Polis T. The Ottawa Hospital, Ottawa, Ontario,
Canada.
Introduction: In this case report, we describe the safe use of continuous
transesophageal echocardiography (TEE), while concurrently running
transcranial motor evoked potentials (tcMEPs) in a prone patient during
spinal surgery, using a combination of bite blocks.
Case Description: A 23-year-old male presented for posterior thor-
acopelvic fusion with intraoperative neuromonitoring (IOM) for scoliosis
correction. He did not have any cardiorespiratory issues at baseline.
During insertion of pedicle screws, the patient became increasingly he-
modynamically unstable despite adequate fluid administration and in-
creasing vasopressor use. A decision was made to abort the procedure. As
the patient was being transferred from prone to supine on a stretcher, he
developed cardiac arrest with pulseless electrical activity. Spontaneous
circulation returned after two minutes of resuscitation. The patient was
transferred, intubated and sedated, to the critical care unit, where a

transthoracic echo demonstrated an ejection fraction of 35%, likely in
keeping with stress-induced cardiomyopathy.
Given that the spine remained unstable, a decision was made to return to
the operating room (OR) two days later to complete the fusion with
IOM, including tcMEPs. A plan was made to use TEE during the pro-
cedure to help guide hemodynamic management. Therefore, it was nec-
essary to devise a bite block that would prevent injury to the patient’s
tongue or teeth, protect the endotracheal tube (ETT) and TEE from
damage, while allowing for easy TEE probe manipulation.
A TEE probe was placed through a rigid, round TEE bite block (Batrik
Medical B4). The round bite block was wrapped in gauze and placed at
the center of the patient’s mouth, in between the front teeth. The ETT
was re-secured separately, adjacent to but outside of the round bite block,
so that the ETT could not be displaced by movement of the TEE probe.
Next, two soft bite blocks, made of gauze taped into cylindrical rolls
slightly larger than the TEE probe’s diameter, were placed on each side of
the patient’s mouth, between the upper and lower teeth. These protected
the tongue from slipping between the teeth and prevented the TEE bite
block from shifting away from its central position.
To ensure that this set-up remained secure throughout the procedure, two
3M™ Tegaderm™ IV dressings (3.5×4.5 in) were placed on top of the
mouth, thus preventing displacement of the bite blocks, yet allowing easy
access to both the TEE and ETT.
The patient was successfully positioned in prone, and both the TEE probe
and tcMEPs were used intraoperatively without issue.
Discussion: While the use of TEE during spine surgery has been previously
reported,1,2 to our best knowledge, this is the first description of its con-
tinuous use together with tcMEPs in the prone position. This was made
feasible by using a combination of a rigid and soft bite blocks, thus protecting
the patient from bite injury, a known serious complication of tcMEPs.3
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electrical stimulation motor-evoked potentials’ monitoring: incidence,
associated factors, and clinical course. J Anesth. 2018;32:844–849.
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[SNACC-480] Combined Transvenous Onyx Embolization of a Cere-
bral Arteriovenous Malformation Using Proximal Balloon Occlusion
and Controlled HypotensionWith Tridil and Adenosine: A Case Report
Fuentes-Roman G, Brunet-Vallejo J, Rojas-Nieves V, Rodriguez-Rivera
A, Morales-Gonzalez J, Feliciano-Valls C, Torres-Perez H, Fernandez P.
University of Puerto Rico, School of Medicine, San Juan, Puerto rico,
United States.
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Background: Endovascular surgery is an effective treatment for brain
arteriovenous malformation (AVM), by a transarterial or transvenous
approach. For the latter, proper embolization requires proximal trans-
venous access to the nidus and low mean arterial pressure (MAP) for
proper liquid embolisate injection. To achieve flow arrest and reduce
embolisate backflow, arterial balloon microcatheters, pressure-cooker
technique or aneurysm coils can be employed. Transient periods of sys-
temic hypotension can be induced with vasodilators. The combined use of
balloon-assisted transvenous retrograde Onyx embolization with dual use
of adenosine and nitroglycerin has not been widely described.
Case Description: A 38y/o 77 kg male patient with hypertension, presented to
the ER with acute-onset severe headache, emesis, left-sided hemiparesis, and
slurred speech. CT imaging revealed a right frontal flame-shaped intracranial
hemorrhage (ICH) with involvement of the cingulate gyrus and corpus cal-
losum. CTA confirmed a 13.40mm×12.60mm×18.82mm right medial
frontal diffuse arteriovenous malformation (Spetzler-Martin Grade II) with
feeders from the right anterior cerebral artery and deep venous drainage with
an associated small perinidal aneurysm. A balloon-assisted transvenous onyx
embolization was planned. The procedure required three intermittent ad-
enosine boluses (0.46mg/kg) and an increase of nitroglycerin baseline infusion
from 5mcg to 20mcg to achieve 30-50mmHg MAP. Intermittent compliant
balloon occlusion (Sceptec XC 4mmx11mm, Microvention) was used during
periods of transient BP elevation. Complete AVM embolization was finally
attained with Onyx 34 (0.6ML) and 18 (1.0ML). Transient reactive vaso-
spasm at carotid bifurcation was treated with intraarterial verapamil. Post-
operative head CT showed moderate enlargement of intracerebral
hemorrhage. The patient remained stable with strict blood pressure control at
the intensive care unit and subsequently discharged to a rehabilitation facility.
A 10-month control angiogram showed no evidence of AVM recurrence.
Discussion: The use of retrograde transvenous embolization for ob-
literation of intracranial AVMs is a nuanced approach for some cases,

with an anatomic cure rate of 92.6%. When considering a transvenous
approach, the following criteria are evaluated: a small nidus diameter
(< 3 cm), AVMs with known prior hemorrhage, a single draining vein,
and the infeasibility of arterial approach. The goal of a transvenous
approach is to cause retrograde flow of an embolic agent to achieve
complete nidus occlusion. Control of AVM hemodynamics allows the
retrograde flow of embolisate to overcome anterograde feeding arterial
pressure, ensuring delivery. In this case, several methods were employed
for the reduction of the transnidal pressure gradient. Adenosine and
Tridil were used to reduce systemic blood flow, while a balloon micro-
catheter occluding the anterior cerebral artery (A1) acted locally. Ad-
enosine’s short half-life offers a unique alternative by producing transient
asystole and flow arrest, providing brief windows of hypotension for
embolisate injections. A combined continuous infusion of Tridil prevents
rebound hypertension, obtaining a controlled MAP <50mmhg that al-
lows for successful embolization. The patient’s outcome was favorable
despite hemodynamic challenges, reporting progressive improvement of
neurological deficits 10 months after AVM obliteration.
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[SNACC-481] Absence Seizures and Their Bidirectional Rela-
tionship to Depression and Anxiety
Schonwald A*, Sandhu M*, Bertasi R†, Bertasi T†, Kurup A*, Gruen-
baum S†, Freedman I*, Blumenfeld H*, Sanacora G*, Gruenbaum B†.
*Yale University School of Medicine, New Haven, Connecticut, United
States; †Mayo Clinic, Jacksonville, Florida, USA.
Absence seizures (AS) are characterized by recurrent episodes of un-
consciousness and staring spells with distinct rhythmic 3–4‐Hz spike‐and‐
wave discharges observed on the electroencephalogram. As a common
manifestation of pediatric epilepsy, AS represent approximately 10% of
seizures in children and are often accompanied by behavioral, emotional,
and social impairments. It has been noted that patients with AS are more
likely to suffer from mood disorders, such as depression and anxiety.
However, it is unclear as to whether mood disorders are a consequence of
AS, or if the two conditions share an underlying pathology. To better
understand these relationships, we conducted a meta-analysis and a
systemic literature review of human and animal studies. Of the 1019
scientific publications identified, 35 articles met the inclusion criteria for
this review. We found that patients with AS had greater odds of devel-
oping depression and anxiety when compared to controls (odds ratio=
4.93, 95% confidence interval= 2.91–8.35, P< 0.01). The included studies
demonstrated a strong correlation between AS and depression and anx-
iety in the form of a bidirectional relationship. The meta-analysis also
revealed significantly higher odds of a diagnosis of depression or anxiety
in patients with absence epilepsy. Furthermore, animal models of absence
epilepsy showed that depressive-like behaviors emerged before and after
the onset of seizures, suggesting that psychiatric comorbidities were not
only secondary to absence seizures. The bidirectionality was also present
in the use of pharmacological therapies, which showed time-dependent
and dose-dependent antidepressant effects of antiepileptic drugs as well as
the anticonvulsive effects of antidepressants. The effect of antiepileptic
drugs and antidepressants on absence seizures and mood disorders sug-
gests a common underlying psychopathology. There is strong evidence
that suggests a bidirectional relationship in behavioral and seizure phe-
notypes of absence epilepsy. As the shared causal antecedents of these
disorders continue to be elucidated, they may be utilized to study the
pathogenesis of AS, depression, and anxiety, and to provide new ther-
apeutic options.

[SNACC-482] Combined Use of Rapid Ventricular Pacing and
Temporary Occlusion for Management of a Large Mca Bifurca-
tion Aneurysm
Budiansky A*, Alotaibi F†, Krolczyk G*, Sinclair J*. *The Ottawa
Hospital, Ottawa, Ontario, Canada; †University of Ottawa, Ottawa, On-
tario, Canada.
Introduction: We describe the use of rapid ventricular pacing (RVP) to
achieve brief and controlled periods of hypotension to facilitate aneurysm
manipulation and placement of a temporary clip for the purpose of re-
constructing a large middle cerebral artery (MCA) bifurcation aneurysm.
Case Presentation: A 60 year-old male presented to hospital with tran-
sient left facial, arm and leg weakness. His stroke work-up revealed a
large (19 x 19mm) right MCA bifurcation aneurysm, with the right an-
terior temporal and posterior branches of the MCA originating from the
aneurysm. The patient was booked for a craniotomy with intraoperative
neuromonitoring for clipping of his aneurysm. Given the size and chal-
lenging anatomy of the aneurysm, a plan was made to use RVP to fa-
cilitate microdissection of the aneurysm.
A preoperative echocardiogram and an electrocardiogram were obtained
to rule out any baseline cardiac pathology. On the day of surgery, a radial
arterial catheter was placed prior to induction of anesthesia. Following
induction, a left subclavian 6Fr introducer sheath was inserted. A pacing
electrode (Bard 6F, 100 cm) was advanced into the right ventricle, with
confirmation of placement by fluoroscopy. Adequate capture was con-
firmed at a pacing threshold of 3mA. External defibrillation pads were
placed on the patient.
A pterional craniotomy was performed. Once the aneurysm and sur-
rounding vessels were exposed, RVP was performed at a rate of 200 beats
per minute and an output of 4mA with continuous ECG monitoring.
Pacing was repeated multiple times to soften the aneurysm, thus allowing
manipulation of the aneurysm and visualization of its wide neck. RVP was

used for a maximum of 75 seconds at a time, with a minimum of 2 min of
recovery time between pacing episodes. During RVP, the mean arterial
pressure dropped to 30mmHg. In total, pacing was used eight times for an
average duration of 44 seconds (23-75s range). Transient ST depressions
were noted after each pacing episode, which resolved within 5-10 beats.
Softening of the aneurysm with RVP was then used for microdissection
and temporary clipping of the M1 artery with induced hypertension and
burst suppression. Temporary clipping was applied for a total of 7 min,
which allowed placement of permanent clips around the aneurysm and
reconstruction of the neck without stenosing the M1 and M2 origins.
Doppler ultrasound was used to confirm the patency of all vessels after
clip application and an indocyanine green (ICG) video angiogram con-
firmed successful clipping. No changes to intraoperative MEPs, SSEPs or
EEG were noted during the procedure.
The patient had an uneventful post-operative course and was discharged
home without neurological deficit. Postoperative cardiac enzymes were
measured and remained within normal limits.
Discussion: RVP is an effective technique for achieving transient systemic
hypotension, which can be reproduced in a controlled fashion and for
specified periods of time, for surgical management of complex intra-
cranial aneurysms. A few, small cohort studies1,2 have reported successful
and safe use of this method. In this case report, RVP facilitated micro-
dissection and reduced the required duration of temporary occlusion for
clipping of a large MCA bifurcation aneurysm.
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[SNACC-486] Impact of COVID-19 Pandemic on Anesthesia
Care for Neurological Procedures
Yang A, De la Cruz K, Ershova K, Fong C, Wright D, Sharma D.
University of Washington, Seattle, WA, USA.
Background: The COVID-19 pandemic has significantly impacted all
areas of healthcare delivery. We compared the anesthesia care of emer-
gent neurological procedures including craniotomies for traumatic brain
injury (TBI) and endovascular mechanical thrombectomies for acute is-
chemic stroke (AIS) before and during the COVID-19 pandemic. We also
compared the clinical outcomes before and during the pandemic.
Methods: After IRB approval, data was collected retrospectively for all
patients undergoing emergent craniotomy for TBI and endovascular
mechanical thrombectomy for AIS at Harborview Medical Center during
the COVID-19 pandemic (April 2020 to December 2020) and same time
period in the previous year (April 2019 to December 2019). We examined
differences in anesthesia readiness, adherence to the recommended he-
modynamic goals, and timely treatment of hypotension during the two
time periods. Hypotension was defined as systolic blood pressure (SBP)
less than 100mmHg1 for the TBI group and SBP less than 140mmHg2

for AIS group. Clinical outcomes were also compared and defined as: (1)
discharge Glasgow coma scale for the TBI group, (2) discharge National
Institute of Health Stroke Scale score and 3 month modified Rankin
Scale for the AIS group, (3) length of ICU and hospital stay for the TBI
and AIS group, and (4) in-hospital mortality for TBI and AIS group.
Results: A total of 120 TBI patients and 124 AIS patients were included.
The TBI groups had comparable age, BMI, pre-existing comorbidities,
medications, and type of TBI. The stroke groups also had comparable
age, BMI, pre-existing comorbidities, and medications. In the TBI pa-
tients, COVID-19 pandemic was associated with 3.5 minutes longer an-
esthesia ready time (11 [Q1;Q3: 8; 21] versus 14.5 [Q1;Q3: 9; 21] minutes;
P= 0.031). There was no significant difference in episodes of hypotension,
treated hypotension, or hypotension duration. In the AIS patients,
COVID-19 pandemic was associated with 2 minutes longer anesthesia
ready time (8 [Q1;Q3: 5; 11] versus 10 [Q1;Q3: 6; 13] minutes; P= 0.043)
and increased median hypotension duration time (31 [Q1;Q3: 18;56]
versus 44.5 [Q1;Q3: 24;75] minutes; P= 0.037). It was observed that

Abstracts J Neurosurg Anesthesiol � Volume 33, Number 4, October 2021

398 | www.jnsa.com Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

Copyright r 2021 Wolters Kluwer Health, Inc. All rights reserved.



patients in the AIS group had more general anesthesia in the COVID
period although this was not statistically significant (P= 0.2). In both TBI
and AIS groups, there were no statistically significant clinical outcome
differences between pre-COVID and during COVID-19 periods. Testing
revealed that the TBI group had one confirmed COVID positive patient
and the AIS group had two confirmed COVID positive patients at the
completion of our study.
Conclusion: During the COVID-19 pandemic, patients undergoing
emergent craniotomies for TBI and endovascular mechanical throm-
bectomies for AIS both experienced statistically significant delays in
anesthesia ready time; results showed that AIS patients undergoing
mechanical thrombectomies also experienced longer time of intra-
procedural hypotension compared to pre-COVID period. Nevertheless,
we did not observe any clinical outcome differences. This may be at-
tributed to post operative medical and nursing care.
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[SNACC-488] A Machine Learning Approach for Predicting Real
Time Risk of Intraoperative Hypotension in Traumatic Brain Injury
Feld S*, Hippe D†, Miljacic L‡, Polissar N†, Nair B*, Vavilala M*.
*University of Washington, Seattle, WA, United States; †The Mountain-
Whisper-Light, Seattle, WA, United States; ‡The Mountain-Whisper-
Light, Seattle, Washington, United States.
Introduction: Traumatic brain injury (TBI) is a major cause of death,
disability and health care utilization. Episodes of hypotension after TBI
are associated with worse outcomes. Our aim was to build a model to
predict the real-time risk of intraoperative hypotension in TBI patients,
compare the use of machine learning and traditional statistical methods,
and identify key predictive features.
Methods: This was a retrospective study that analyzed 1005 TBI patients
undergoing neurosurgical procedures at an academic level 1 trauma center
between 2008 and 2017. The patients were divided into a training dataset
used for model development and a testing data set used for estimating
model performance. The clinical event was intraoperative hypotension,
defined as mean arterial pressure (MAP)< 65mmHg for five or more
consecutive minutes. Predictor variables included patient variables, vital
signs, medications and fluids administered, and additional predictors that
were extracted from these core predicters. We developed two types of
models: one that predicted the occurrence of any intraoperative event
based on preoperative patient-level predictors and one that predicted the
occurrence of events in real-time based on intraoperative predictors that
were available minute by minute. For each of these models, we took two
approaches to predict the occurrence of an event: a logistic regression
model and a gradient boosting tree model. Model performances were
evaluated with area under the ROC curve (ROC-AUC) and under the
precision-recall curve (PR-AUC); we present results from the test set. The
contribution of predictor variables were evaluated.
Results: Hypotension occurred 8.1% of the time in the training set and
8.7% of the time in the test set. Model performance based on preoperative
predictors was poor, with an ROC-AUC of 0.55 logistic regression
models and ROC–AUC of 0.47 for the gradient boosting model. The
ROC-AUC for the intraoperative logistic regression model was 0.80 (95%
CI: 0.78–0.83), and for the gradient boosting model was 0.83 (95% CI:
0.81–0.85). The PR-AUC for the intraoperative logistic regression model
was 0.16 (95% CI: 0.12-0.20), and for the gradient boosting model was
0.19 (95% CI: 0.14-0.24). By both ROC- and PR-AUC metrics, the
XGBoost intraoperative model had higher predictive performance than
the logistic intraoperative model (ΔROC-AUC: 0.03, 95% CI: 0.01-0.04,
P< 0.001; ΔPR-ROC: 0.03, 95% CI: 0.00-0.06, P= 0.023). Features de-
rived from MAP (representing the trend and variance) emerged as most
predictive in both the logistic regression and gradient boosting models.
Conclusions: This study developed a model for real-time prediction of
intraoperative hypotension in patients with TBI. Machine learning cap-
tures the more complex data set structure and non-linear interactions
through efficient analytical techniques. Features representing the tem-
poral trend and variability of MAP were key for predicting future hy-
potension, while preoperative risk factors were poor predictors for
intraoperative hypotension. The combination of computationally effi-
cient models with a streamlined set of key features lays the groundwork
for developing real-time intraoperative decision support in TBI.

[SNACC-490] Intraoperative Clevidipine for Blood Pressure
Lowering During Monitored Anesthesia Care: A Series of 3
Unique Neurosurgical Cases
Thandla R, Kianpour D. University of Rochester, Rochester, NY, USA.
Introduction: Clevidipine is a dihydropyridine L-type calcium channel
blocker that was approved for use in the United States by the Food and
Drug Administration in 2008. It is rapidly metabolized in the blood and
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tissues by serum esterases with a 1 minute half-life.1 In the literature,
clevidipine has been used in wide ranging applications including cardiac,
endocrine, spine, and neurosurgical cases to rapidly control blood pres-
sure.2 We present a series of 3 neurosurgical patients undergoing different
procedures under monitored anesthesia care where clevidipine was used
for rapid control of intraoperative blood pressure.
Cases Series: Case 1 was a 74 year old male undergoing carotid stenting
under monitored anesthesia care. Baseline arterial blood pressure was
elevated at 241/108 mm/Hg. Clevidipine was started to prevent over
correction and subsequent cerebral ischemia at a rate of 2 mg/hr. Within
5 minutes the blood pressure was within the goal range of systolic blood
pressure less than 180 at 173/73mm/Hg without changes in mental status.
During the case, clevidipine was continued at a rate of 2-4 mg/hr to keep
blood pressure at goal. In Case 2, a 51 year old male who presented with
carotid bleeding from a head and neck tumor underwent a balloon test
occlusion prior to ipsilateral carotid embolization. The patient was se-
dated with 25mcg of fentanyl and clevidipine was used up to a dose of 14
mg/hr to achieve a satisfactory decrease in blood pressure from baseline
down to 83/37 mm/Hg. The blood pressure rapidly normalized on
discontinuation of the infusion without adverse effects. Finally, case 3
was a 69 year old male undergoing bilateral subthalamic nucleus deep
brain stimulator lead insertion. Goal systolic blood pressure was less than
140 but initial invasive blood pressures were systolics over 180. After
minimal response to labetalol, clevidpine was started at 4 mg/hr with
correction to goal range within 7 minutes.
Discussion: Our case series adds to the growing body of evidence that
clevidipine can be useful for tight blood pressure control in the peri-
operative neurosurgical setting where overcorrection could be deleterious.
This is especially important during monitored anesthesia care where
overaggressive blood pressure lowering could cause unwanted changes in
neurologic status and unnecessary pharmacologic or airway inter-
ventions. Nicardipine is another dihydropyridine calcium channel
blocker commonly used, but has a mean time to therapeutic effect of 10-
15 minutes with a prolonged elimination half-life. Clevidpine is preferable
to other rapidly acting intravenous antihypertensive agents such as ni-
troglycerine and sodium nitroprusside in a neurosurgical setting as it acts
as mainly as an arterial vasodilator with minimal effects on intracranial
pressure.3 As anesthesiologists become more comfortable with its use, we
are likely to see clevidipine become a mainstay in our anti-hypertensive
repertoire.
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[SNACC-491] Intraoperative Tube Exchange on a Patient Post-
resection of Clival Chordoma With Surgical Atlanto-occipital
Instability in Pins
Yeh C, Moriarty D, Edelman G. University of Illinois at Chicago, Chicago,
IL, USA.
A 50 year-old female with a clival chordoma and extension into the
nasopharynx was taken to the operating room for the third of a series of
staged transnasal tumor resections. A planned partial resection of the
anterior arch of C1 was also performed. A neural integrity monitor
(NIM) electromyogram endotracheal tube was placed with video-
laryngoscopy for cranial nerve monitoring. Total intravenous anesthesia
with propofol and remifentanil was provided to facilitate monitoring of
somatosensory and motor evoked potentials. During surgery, tumor in-
vasion necessitated resection of both occipital condyles producing a near

internal decapitation. At the conclusion of surgery, multidisciplinary
discussions among ENT, Neurosurgery, and Neuroanesthesia services led
to a decision to perform a planned tube exchange to a regular endo-
tracheal tube at the end of the surgery due to the requirement of post-
operative MRI, for which the NIM tube is incompatible, and due to the
patient’s requirement of remaining intubated for the cervical spine fusion
to follow the next day. Inadvertently, the pilot balloon of the NIM tube
was accidentally cut at the end of surgery, resulting in inadequate ven-
tilation and an urgent need for reintubation. To quickly perform the tube
exchange over a Cook Airway Exchange Catheter, the patient received
0.5 mcg/kg bolus of remifentanil and was put on 100% FiO2. The Cook
Catheter was pre-colored with a sterile purple marker to ease visual-
ization of adequate depth inside of the NIM tube. The patient’s neck
remained stable in pins during the exchange, which was successful on first
attempt. Post-exchange somatosensory and motor evoked potentials re-
mained unchanged. The following day an occipitocervical fusion was
performed for atlanto-occipital instability. She was extubated on POD3
without focal neurological deficits. We demonstrated that emergent tube
exchange in pins can be done expeditiously with an airway exchange
catheter and close monitoring intraoperatively.

[SNACC-493] Delayed Complication After Resection of a Colloid
Cyst
Gray L, Kang M. University of North Carolina, Chapel Hill, NC, USA.
We present the case of a patient who underwent craniotomy for resection
of a colloid cyst and then presented six weeks later with obstructive
hydrocephalus. A 50-year old woman with past medical history otherwise
significant only for hypothyroidism presented with symptoms of inter-
mittent headaches and unsteadiness. Imaging revealed a colloid cyst
(7×9×8mm) and the patient elected to undergo craniotomy for resection.
Her intraoperative course was unremarkable and she was extubated at
the end of the surgery. Her postoperative course was largely un-
remarkable as well, although she did report some short-term memory
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impairment prior to discharge. Postoperative imaging was consistent with
complete resection of the cyst. At her follow-up visit two weeks after the
surgery she reported that she was doing well with rehabilitation although
she continued to report memory issues. She had another follow-up visit a
few weeks later at which she again expressed concern about memory
issues, as well as difficulty with spelling, anxiety, and insomnia.
She presented to the ED six and a half weeks after the initial resection
after falling and complaining of headache and nausea/vomiting. On ini-
tial exam, the patient was drowsy but oriented and was able to follow
commands. Head CT showed worsening hydrocephalus and the patient
was admitted for external ventricular drain (EVD) placement and in-
tracranial pressure (ICP) monitoring. Prior to transport from the emer-
gency department (ED) to the neurosurgical intensive care unit (NSICU),
the patient became acutely obtunded with cerebrate posturing and dilated
pupils. The patient was intubated in the ED, stabilized, and transferred to
the NSICU for immediate EVD placement. She returned to the OR for a
ventriculoperitoneal shunt (VPS) but her neurologic prognosis is poor.
Colloid cysts are benign tumors that typically occur in the foramen of
Monro. The incidence has been cited as 3.2 million cases per year which is
about 2% of all intracranial tumors.1 Over half of all patients have
symptoms associated with hydrocephalus including headache, nausea/
vomiting, unsteady gait, and mental status changes.1 These tumors may
cause mass effect which rarely can result in severe hydrocephalus and
even death. The hydrocephalus is typically related to the tumor blocking
drainage of cerebrospinal fluid (CSF) through the foramen of Monro.2

The risk of rapid clinical deterioration is estimated to be 3-35%, and the
associated risk of death in this group has been calculated to be 5-38%.1

There are numerous case reports in the literature of sudden unexpected
coma and death in patients with colloid cysts. Cases have been linked to
post-exercise hemorrhage, air travel because of the effect of varying cabin
pressure on ICP, and even riding on a roller coaster.3–5 Cases have been
reported in children as well.6 Perioperative complications reported in the
literature include fatal acute disseminated encephalomyelitis (ADEM)
after resection of a colloid cyst with ultrasonic aspirator, hemiparesis, and
vasospasm.7–9 One patient developed a posterior fossa hematoma which
resulted in hydrocephalus and neurologic compromise after endoscopic
resection.10

While there are numerous case reports of sudden coma and death in
patients with colloid cysts associated with initial presentation, there ap-
pear to be no prior cases reported with the complication of severe hy-
drocephalus occurring several weeks after the initial resection. Patients
presenting with symptoms of hydrocephalus after resection of a colloid
cyst should be followed closely.
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[SNACC-494] One Lung Ventilation in Prone Position During
Combined Complex Posterior Spine and Thoracic Surgery
Mohajerani S, Breeden S, Avitsian R. Cleveland Clinic, Cleveland, Ohio,
United States.
One-lung ventilation (OLV) is used during combined spine and thoracic
procedures for lung isolation. It can lead to significant hypoxia due to
ventilation-perfusion mismatch and malposition. Double-lumen tubes
(DLT) are the choice method for OLV; however, use of DLT in a prone
position has been a matter of debate due to risk of malposition.
A 36-year-old female underwent excision of a large thoracic spine sar-
coma by thoracic surgery and fixation of thoracic spine T7-T12 by
neurosurgery. To improve tumor exposure OLV with DLT was used.
Exposure by thoracic surgery was uneventful with adequate OLV,
however during spine exposure and fixation due to forceful anterior-
posterior movement repeated malposition of DLT and subsequent hy-
poxemia was diagnosed by fiberoptic bronchoscopy.
Malposition of a DLT can lead to life-threatening consequences, mainly
severe hypoxemia and hypotension. Malposition of DLT should always
be considered as a cause of hypoxemia, especially in prone procedures
and particularly when instrumentation of the spine is required. Patients
with smaller stature and thus shorter trachea may particularly be prone to
this complication. Lateral positioning or using a bronchial blocker for
OLV may be a better choice in such cases.

[SNACC-496] Subpial Gene Delivery of Synapsin-Promoted
Caveolin-1 Prolongs Survival in Hsod1g93a Mouse Model of
Amyotrophic Lateral Sclerosis
Ichinomiya T*, Wang S*, Tadokoro T†, Marsala M†, Patel P*,
Head B*. *VA San Diego Healthcare System, San Diego, CA, UCSD;
†UC San Diego, San Diego, CA, USA.
Introduction: Amyotrophic lateral sclerosis (ALS) is a neurodegenerative
disease resulting from loss of upper and lower motor neurons in the brain
and spinal cord. Due to the unknown etiology of sporadic ALS (SALS),
interventions that are neuroprotective are urgently needed. Evidence

FIGURE 1.
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shows that caveolin-1 (Cav-1), a membrane/lipid raft (MLR) scaffolding
and neuroprotective protein, is decreased in degenerating neurons along
with Cav-1-associated pro-survival signaling proteins. We have pre-
viously shown that synapsin-promoted Cav-1 (SynCav1) augments neu-
roplasticity, preserves synaptic ultrastructure and hippocampal learning
and memory in a mouse model of Alzheimer’s disease. The current study
investigated whether spinal cord delivery of adeno-associated virus se-
rotype 9 (AAV9)-SynCav1 could also be neuroprotective and extend
survival in a mouse (hSOD1G93A) model of ALS.

Methods: AAV9-SynCav1 (10 ul; 1.9×1013 genomic copies (g.c.)/ml)
subpial lumber spinal cord delivery was performed at 8 weeks (wk) of
age. Weekly body weight (BW) measurements were recorded and survival
was determined using Kaplan-Meier curve. Running wheel (RW) tests
were recorded at 8 (pre-surgery baseline) and 16 wk (symptomatic age).
Immunoblot (IB) and immunofluorescence microscopy (IF) assays for
choline acetyltransferase (ChAT) and Cav-1 were performed at 19 wk
(before end-stage age). To measure neuromuscular junctions (NMJs) in
tibialis muscle, IF for bungarotoxin-a (Btx, marker of post-synaptic

FIGURE 2.

FIGURE 3.
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nicotinic acetylcholine receptors) and synaptoporin (Synphy, pre-synaptic
vesicle marker) was performed. Values were expressed as mean±S.E.M
while Kaplan-Meier (Log-rank (Mantel-Cox) test) was expressed as
median days (d) survival. Statistical significance was defined as P< 0.05.
Results: Male (Fig. 1) and female (Fig. 2) hSOD1G93A mice that
received AAV9-SynCav1 exhibited significantly longer survival
compared to non-treated hSOD1G93A mice (male: 176 d for
SynCav1-hSOD1G93A vs 158 d for non-treated hSOD1G93A,
P= 0.004; female: 180 d for SynCav1-hSOD1G93A vs 164 d for non-
treated hSOD1G93A, P< 0.001). IF revealed that AAV9-SynCav1
significantly increased motor neuron cell body area (Fig. 3A, B), total
ChAT-positive motor neurons within the ventral horn (Fig. 3C),
increased Cav-1 expression per motor neuron (Fig. 3D), which resulted
in a direct correlation between motor neuron area and Cav-1 expression
(R2= 0.66) in hSOD1G93A mice at 19 wk. Further IF of anterior tibial
muscle showed that preserved NMJ morphology (Btx) and NMJ
occupancy of Synphy expression in AAV9-SynCav1-hSOD1G93A.
Conclusion: AAV9-SynCav1 gene therapy significantly prolongs survival,
preserves motor neurons and motor neuron morphology in the ventral
horn of the spinal cord, and preservers NMJs in the tibialis muscle of
hSOD1G93A mice. We are currently testing if alternative routes of
AAV9-SynCav1 delivery (e.g., intrathecal, intraventricular, systemic) can
recapitulate the neuroprotective effects achieved using subpial delivery.

[SNACC-497] Lumbar Discectomy Under Spinal Anesthetic
During the Third-trimester
Plaza E, Palmieri S. The University of Kansas Medical Center, Kansas
City, KS, United States.
Background: Herniated discs are an unusual cause of low back pain in
pregnancy.1 Typical low back pain in pregnancy is due to increased
lumbar lordosis secondary to increased joint laxity and a gravid uterus.
Progressive neurological deficit is an indication for surgery regardless of
gestational age to avoid permanent neurologic deficits.1 Ideally, surgery
would occur during the second trimester, avoiding the anesthesia related
risks of spontaneous abortion in first trimester and pre-term delivery in
the third trimester.2 Though previously described using spinal anesthesia
and the lateral position, no cases have previously been described using
spinal anesthetic for discectomy in the prone position in a pregnant fe-
male in her third trimester.3

Case Description: A 35-year old female G3P2002 with no significant past
medical history and BMI of 25 presented at 28 weeks and 4 days of
pregnancy for a L5-S1 minimally invasive lumbar discectomy due to a
large herniated disc at L5 and severe radiculopathy causing her to be
bedbound. No maternal fetal medicine (MFM) or anesthesia consult was
completed prior to the patient’s arrival. Discussion with surgeon con-
firmed that surgery was necessary; MFM was immediately consulted. A
labor and delivery nurse was present for continuous monitoring of fetal
heart tones (FHTs) preoperatively, intraoperatively and postoperatively,
in accordance with current ACOG guidelines.2 A prone spinal anesthetic
with OB on standby was planned should fetal heart tones become con-
cerning. The anesthesia team prepared the OR for Cesarean delivery by
having appropriate airway equipment and uterotonics in the room. The
neurosurgical OR was set up for potential crash Cesarean delivery and
planned L5-S1 discectomy; staff were apprised of the anesthetic plan and
logistics. The patient was consented for spinal anesthesia, and the pos-
sibility of Cesarean delivery was discussed. She was taken to the OR and
placed on standard ASA monitors. A L4-L5 spinal in the sitting position
was done using 1.7 mL of preservative-free 0.75% bupivacaine/dextrose
8.25% and 15mcg of preservative-free fentanyl. She was placed supine
with left uterine displacement and a T4 block level was achieved, then
gently turned onto the Jackson frame and Prone View head rest. Her
gravid belly did not require support. An uneventful minimally invasive
L5-S1 discectomy was done in 40 minutes. The patient remained com-
fortable and received no sedating medications. No concerning changes in
FHTs before, during or after the discectomy were detected. She recovered
in the PACU and returned home without complication. On follow-up
visit with the surgeon, both pain and leg weakness were markedly im-
proved.
Conclusion: In the case of a pregnant female necessitating lumbar spine
surgery, the surgeon should understand the risks of anesthesia and

involve a multi-specialty care team consisting of anesthesiologists and
maternal fetal medicine specialists to deliver thoughtful perioperative
care that mitigates risks to the patient and fetus. With a comprehensive
perioperative team and indicated monitoring, spinal anesthesia in the
prone position is an anesthetic option for these women.

References:
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lumbar disk disease and cauda equina syndrome in pregnancy. Clin
Spine Surg. 2019;32:412–416. doi:10.1097/BSD.0000000000000886

2. ACOG Committee Opinion No. 775 Summary: Nonobstetric Surgery
During Pregnancy. Obstet Gynecol. 2019;133:844–845. doi:10.1097/
AOG.0000000000003175

3. Kovari VZ, Horvath L. Surgical management of cauda syndrome in
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[SNACC-498] Electroencephalographic Characteristics Associated
With the Use of Dexmedetomidine During Supratentorial Craniotomies
Rao S*, Treggiari M*, Yanez D*, Diogo C†, Callahan B†. *Yale
University/Yale School of Medicine, Wallingford, CT, United States;
†Nuvasive Clinical Services, New Haven, CT, USA.
Neurosurgical procedures involving eloquent areas of the cerebral cortex
require an extensive multimodal neuromonitoring approach for safe re-
section, including Electroencephalography (EEG), motor evoked poten-
tials (MEP) and somatosensory evoked potentials (SSEP). It is
challenging to optimize the anesthesia protocol for simultaneous ac-
quisition of EEGs and MEPs, as inhalational agents depress signals in a
dose dependent fashion. TIVA with propofol and narcotics allows to
achieve reliable MEPs, but EEG signals are affected. The Neuro-
anesthesiology team at Yale New Haven Hospital has successfully in-
troduced dexmedetomidine + moderate sevoflurane and opioids as a
balanced protocol. Dexmedetomidine is unique in that it activates pre-
synaptic alpha-2 receptors, inhibits neuronal firing. Side effects include
hypotension, bradycardia, sedation and analgesia.1 FDA approved for
ICU sedation.Sedation with Dexmedetomidine elicits an EEG pattern
similar to stage 2 sleep and does not hinder the interpretation of EEG
signals.However, there is limited data on the use of dexmedetomidine in
the intraoperative setting, specifically EEG monitoring in adults under-
going neurosurgical proceduresStudy Design: We designed a retro-
spective observational study to better characterize EEG signals
associated with the use of dexmedetomidine compared with anesthetics
provided without the use of dexmedetomidine. 15 anesthetic records and
corresponding EEG recordings analyzed. The study was approved by the
Yale University IRB.
Study Populations: Inclusion Criteria: Adults > 18 years of age who un-
derwent elective supratentorial brain tumor resections, with intra oper-
ative continuous EEG monitoring.
Exclusion Criteria: Emergency surgeries, non-interpretable EEG record-
ings/signals.
Study Procedures: Good quality, 8-channel intra operative EEG signal
intervals, free of artifacts, were collected one hour post induction. We
abstracted the primary rhythm, secondary rhythms, and presence/absence
of burst suppression and spindles. EEG data were interpreted by two
trained neurophysiologists.
Variables Collected: Corresponding vital signs, anesthetic infusion and
bolus medications, temperature, end tidal CO2 were also recorded. Pa-
tient demographics, diagnosis, pre-existing comorbidities, duration of
surgery, anesthetic regime, intra operative vitals and post-operative dis-
position.
Data Analysis: Preliminary data were collected semi-quantitatively and
reported descriptively without formal statistical testing
Results: 15 patients were included in this preliminary analysis: 7 received
TIVA with propofol and 8 received dexmedetomidine (Dex);Mean sur-
gery duration was 224 (SD 114) min in the Dex group and 187 (SD 93)
min in the Propofol group; Average infusion rate of Dex 0.62mcg/kg/h,
average infusion rate of propofol 80 (SD 24) mcg/kg/min; Average in-
fusion rate of remifentanil 0.2 (SD 0.06) mcg/kg/min in the Dex group
and 0.18 (SD 0.04) mcg/kg/min in the propofol group; The sevoflurane
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MAC was 0.89 (SD .26) in the Dex group and 0.46 (SD 0.39) in the Prop
group (P< 0.01); Blood pressure, heart rate and temperature were com-
parable between the two groups.
EEG Analysis: 100% predominance of delta waves in both groups; In
EEGs with secondary waveforms, both alpha and theta waveforms were
seen; There was no difference in the proportion of secondary waveforms
between Dex and propofol anesthetics.

Conclusion: To the best of our knowledge, this is the first study analyzing
the individual EEG waveforms under general anesthesia, with the use of
Dexmedetomidine.
Limitations of this report include the small sample size and the prelim-
inary semi-quantitative nature of the EEG waveform summaries.
Future directions include expansion of the sample size and quantitative
spectral and power EEG analysis.
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[SNACC-500] DOACs and Emergent Craniotomy for Intracranial
Hemorrhage: Current Laboratory Testing and Reversal Options
Edjiu N*, Rajan S†. *Allegheny General Hospital, Pittsburgh, PA, USA;
†Allegheny General Hospital, Pittsburgh, PA, USA.
Background: The use of direct oral anti-coagulants (DOACs) have gained
popularity due to predictable pharmacokinetics and pharmacodynamics
without the need for therapeutic monitoring.1 Additionally, DOACs offer
many advantages over the traditionally used vitamin K antagonists
(VKAs), such as decreased risk of major bleeding.2 However, due to the
lack of rapid and widespread laboratory monitoring, treatment in
emergent clinical situations has become challenging in most institutions.3

Case Description: A 69 year old female with history of atrial fibrillation,
hypertension and type 2 diabetes presented after overdosing on several
home medications. She had ingested multiple tablets of 5 mg apixiban
(300mg) and unknown amounts of carvedilol, amlodipine and atorvas-
tatin. She developed hypotension requiring epinephrine and norepineph-
rine infusions. Imaging revealed bilateral subdural hematoma’s with mass
effect (11mm subfalcine herniation) and diffuse foci of subarachnoid
hemorrhages. Reversal was given first at the outside facility with 20 units/
kg of factor eight inhibitor bypassing activity (FEIBA) and coagulation
studies showed INR of 7.2, PT 62.3, aPTT 48.8, Clot Angle 51.1, R-time
16.8, platelet count of 176. Following transfer, the patient was redosed
with 30 units/kg and 50 units/kg of FEIBA and given activated charcoal
due to worsening intracranial hemorrhage. Emergency craniotomy was
performed for evacuation of subdural hematoma and received an addi-
tional 50 units/kg of FEIBA and tranexamic acid. The patient was ex-
tubated following surgery and taken to the intensive care unit.
Despite receiving reversal and improved coagulation (INR of 3.7, PT 36.4,
aPTT 47, Clot Angle 66.5, R-time 12.3), imaging revealed reaccumulation
of blood. The patient was taken back to the operating room and received
andexanet alfa. Anti-Xa assay for low molecular weight heparin was used
to determine level of anticoagulation and showed therapeutic ranges. The
patient remained stable following the second surgical intervention without
bleeding and therefore no additional reversal was given. The patient has
since been recovering at a rehab facility with residual right upper extremity
deficits, slight cognitive delay and difficulty with ambulation.
Discussion: The gold standard, liquid chromatography mass spectrome-
try, for obtaining accurate DOAC levels is unrealistic in the clinical
setting. Alternatively, anti-Xa assay’s calibrated to DOACs are not
widely available. Anti-Xa assay’s calibrated to heparin are often used to
guide treatment, but are also inaccurate.1

For reversal, studies recommend treating with discretion to avoid inducing
a pro-thrombotic state. Treatments include discontinuing the anticoagulant,
use of anti-thrombotic’s, activated charcoal, targeted reversal agents and
use of clotting factors. Targeted reversal agents such as idarucizumab
(dabigatran specific monoclonal antibody) and andexanet alfa (inactive
factor Xa) are preferred therapies, if available. Many institutions rely on
prothrombin complex concentrate (PCC) or activated prothrombin com-
plex concentrate (aPCC); however, are not standard of care.2

Conclusion: In light of the increased use of DOACs, this case report
emphasis the increased risk of overdose and the need for widespread
monitoring of DOACs.
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[SNACC-501] Brain Tissue Oxygen-Targeted Management in
Aneurysmal Subarachnoid Haemorrhage
O’Doherty C*, Earl M†, Luoma V†, Toma A†, Reddy U†. *FaceFit
Clinic, London, England, United Kingdom; †National Hospital for
Neurology and Neurosurgery, London, England, United Kingdom.

Introduction: Brain tissue oxygen (PbtO2) monitoring & PbtO2-targeted
protocols can help individualise therapy in aneurysmal subarachnoid
haemorrhage (aSAH). Low PbtO2 readings in aSAH have been linked
with higher in-hospital mortality,1 & poor response to PbtO2-directed
interventions may be linked with poor neurological outcomes.2

We aimed to evaluate hypoxic burden associated with PbtO2-protocol
management at our quaternary neurointensive care unit (NICU) in this
retrospective cohort analysis.
Method: We analysed retrospective data from a registered service eval-
uation, of patients admitted to our NICU with aSAH over 2-years.
Primary outcome was incidence of brain tissue hypoxia, defined as
PbtO2< 20mmHg; secondary outcomes were: number of ventilated days,
NICU length of stay (LOS), incidence of cerebral infarcts & number of
successful interventions to achieve PbtO2> 20mmHg. Patients were di-
chotomised into groups for low(A) & high(B) brain hypoxic burden. High
hypoxic burden was mean PbtO2< 20mmHg over 76 hours.
Inclusion Criteria: aSAH; survival > 48 hours from admission; aneurysm
treatment <48 hours from admission; clinical or radiological diagnosis of
delayed cerebral ischaemia; PbtO2 monitoring. aSAH severity was
quantified using the World Federation of Neurological Surgeons
(WFNS) score.
Multimodal monitoring (NeuroventTM PTO Bolt) measuring PbtO2,
intra-cranial pressure (ICP) and brain temperature, were used in all pa-
tients with results collected for 76 hours from insertion. Brain tissue
hypoxia was treated according to institutional protocols. Cerebral in-
farcts were defined radiologically.
Groups were compared using unpaired t-test and fishers exact test were
appropriate. P-value< 0.05 was considered significant.
Result: There were 44 patients with 723 PbtO2 readings. Brain tissue
hypoxia incidence was 46.5% (336). Groups showed no difference in
demographics, severity or management of aSAH. APACHE II score was
significantly higher in Group B, P< 0.05.
Group B had significantly higher mean fraction of inspired oxygen,
higher burden of hypoxia with greater percentage PbtO2 readings <15
mmHg (54.1%, P< 0.001) and less successful interventions (12.8%,
P< 0.001). Mechanical ventilation duration was longer in Group B but
NICU LOS was similar. Higher incidence of cerebral infarcts in Group B
was insignificant.
Conclusion: Group B suffered from greater burden of brain tissue hy-
poxia. This was associated with an increased duration of mechanical
ventilation & decreased responsiveness to interventions to treat brain
tissue hypoxia, but this did not result in an increased NICU LOS.
Number of patients in this study is small and more research is required to
identify optimal PbtO2 levels in patients with impaired cerebral auto
regulation following aSAH.
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[SNACC-502] The Brain’s Functional Response to Propofol An-
esthesia Has Prognostic Value for Unresponsive Patients
Maschke C*, Duclos C*, Badawy M†, Letourneau J†, Mashour G‡,
Blain-Moraes S*. *McGill University, Montreal, Canada; †McGill
University Health Center, Montreal, Quebec, Canada; ‡University of
Michigan Medical School, Ann Arbor, USA.
Introduction: The assessment of an unresponsive patient’s potential to re-
cover consciousness underpins the most pivotal decisions about their future
treatment. While signs of command-following can indicate consciousness,
the inability to respond to commands has little negative prognostic value, as
it may be explained by sensory impairments, pain, and fatigue. To quantify
the brain’s capacity for consciousness at resting state, the measurement of
the brain’s functional differentiation and integration has shown much
promise.1 In a healthy brain, propofol anesthesia induces a strong func-
tional reorganization, resulting in a decreased functional integration. In this
study, we hypothesized that the brain’s response to propofol anesthesia
contains predictive information for a patient’s recovery of consciousness
after disorders of consciousness (DOC).
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Methods: This study consists of 5 healthy subjects (24.8± 0.75 y old,
2 women) and 11 patients (39.5± 15.8 y old, 7 women) in a DOC (i.e.
Minimally Conscious State, Unresponsive Wakefulness Syndrome, Co-
ma) following a brain injury. Five minutes of resting state 128-channel
EEG was recorded before (i.e. baseline) and during propofol admin-
istration (i.e. anesthesia). The 5-min anesthesia period corresponding to
the EEG recording consisted of an infusion at target effect site concen-
tration of 2.0 μg/ml for DOC participants, and a constant infusion of 300
mcg/kg/min for healthy subjects. Time-resolved functional connectivity
was estimated based on the alpha (8-13 Hz) and theta (4-8 Hz) band-
width, using the weighted phase lag index (wPLI) on each 10-second
window. The brain’s functional response to propofol anesthesia was
quantified by the difference of functional connectivity (i.e. summed Eu-
clidean distance) between all timepoints (i.e. 10 second window) from the
baseline state to the anesthetized state (i.e. between-state distance). This
distance was normalized by each patient’s individual variance within both
states (i.e. within-state distance). Thus, a larger between-state distance
indicated substantially altered functional connectivity over time in re-
sponse to propofol-anesthesia, while a small distance indicated unaltered
patterns (see Fig. 1A). DOC patients’ outcome was considered favorable
if the patient recovered responsiveness within 3-month post-recording.
Statistical analysis was performed using an ANOVA with significance set
at P< 0.05.
Results: The brain’s functional transition from baseline to the anes-
thetized state showed significant group differences in the alpha (F(2,
13)= 5.691, P= 0.017) and the theta bandwidth (F(2, 13)= 6.864,
P= 0.009). A post-hoc Turkey test revealed a significantly decreased

between-state transitions in the alpha (P= 0.014) and theta (P= 0.028)
bandwidth for patients with an unfavorable outcome, compared to
healthy controls (see Fig. 1B). Most interestingly, the functional between-
state transition in the theta bandwidth further distinguished DOC
patients according to their outcome, with significantly increased between-
state transitions in patients with a favorable outcome (P= 0.018).
Conclusion: Whereas DOC patients with a favorable outcome showed
functionally reorganizing brain patterns in the theta bandwidth in re-
sponse to anesthesia, the brain’s inability to reorganize to anesthesia was
associated with a patient’s inability to sustain or recover consciousness.
Measuring the brain’s reaction to propofol-induced unconsciousness
might improve the prognostication of recovery of consciousness
after DOC.

Reference:
1. Casali AG, Gosseries O, Rosanova M, et al. A theoretically based

index of consciousness independent of sensory processing and behav-
ior. Sci Transl Med. 2013;5:198ra105.

[SNACC-504] Early-life Propofol Exposure, Unlike Sevoflurane,
Does Not Alter Inhibition, Increase Seizure Activity or Decrease
Social Interactions in Adulthood
Liu J, Lin D, Cottrell J, Kass I. SUNY Downstate Health Sciences
University, Brooklyn, NY, USA.

FIGURE 1. A, Schematic representation of applied methods. B, Normalized between-state difference in the alpha (left) and theta
(right) bandwidth.
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Introduction: The early developing brain is especially vulnerable to insults
from different anesthetics, which can result in long lasting functional
changes. Anesthetics target GABAA receptors, NMDA receptors and
intracellular signaling pathways. The long-term functional changes after
exposure to anesthetics during the neonatal period are not known. Even
though the general anesthetics sevoflurane and propofol both prom-
inently enhance GABA inhibition, they have unique properties in-
dependent of their ability to induce unconsciousness that may alter the
long-term effects of early-life exposure. We compared the effects of early-
life propofol and sevoflurane on adult mouse behaviors, excitatory-
inhibitory balance and drug-induced seizure activity.
Methods: Postnatal day 7 (P7) C57/BL6 male pups were exposed to either
2.3% sevoflurane or propofol (250 mg/kg i.p.). The animals were main-
tained in an unconscious state for 2 hours with either sevoflurane or
propofol. Blood oxygen levels and heart rates monitored with a pulse
oximeter were normal throughout the experiments. Behavior, electro-
physiology and seizure experiments were conducted when the mice were
adults (2-4 mo old). The effect of the GABA agonist muscimol (3 µM) on
extracellularly recorded field excitatory postsynaptic potentials (fEPSP)
was measured in the hippocampal slice CA1 region. Behavior experi-
ments included the three-chamber, open field and novel object recog-
nition tests. During the drug-induced seizure experiments, mice were

given an i.p. injection of 45mg/kg of pentylenetetrazole (PTZ) and the
Racine scale was used to score different seizure intensities. Unpaired t test
with Welch’s correction and repeated measures 2-way ANOVA, followed
by Bonferroni’s multiple comparisons test were used for all statistics.
Results: The effect of muscimol, an agonist of the inhibitory transmitter
GABA, on the fEPSP demonstrated that adult mice treated with sev-
oflurane at P7 had significantly less inhibition compared to no sevo-
flurane treated mice (P< 0.05 for treatment); there was no significant
effect with P7 propofol treatment. P7 sevoflurane treated mice showed
significantly increased PTZ induced seizure intensities compared to no
sevoflurane treated adult mice (P< 0.05); P7 propofol treatment did
not lead to increased PTZ induced seizure intensity in adult mice.
Neither sevoflurane nor propofol significantly altered open field total
or center-distance travelled. Sevoflurane, but not propofol impaired
novel object recognition and social interactions in the three-chamber
experiment.
Conclusions: Early-life sevoflurane, but not propofol, treatment impairs
the GABAA response, resulting in increased excitatory synaptic trans-
mission in adult mouse hippocampal slices and increases drug-induced
seizure intensity in adult mice. Our animal studies suggest that propofol
may have fewer deleterious long-term effects when given in early-life and
this should be studied clinically.
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[SNACC-507] The Impact of Myelopathy and Sevoflurane on
Intraoperative Motor-evoked Potentials
Hoefnagel A, Mongan P. University of Florida–Jacksonville, Jacksonville,
FL, United States.
Introduction: Intraoperative monitoring motor-evoked potentials (MEPs)
are critical to monitoring the descending corticospinal tracts during spine
surgery and are known to be sensitive to higher concentrations of sevo-
flurane (SEVO) and desflurane (DES).1 The use of lower concentrations
has been reported to be acceptable. However, delineation of the effects in
myelopathic patients is not well characterized. We retrospectively re-
viewed 100 consecutive cervical spine procedures to determine the impact
of SEVO on MEPS (amplitude > 50 microV) in patients with and
without a cervical myelopathy.
Methods: We retrospectively evaluated the intraoperative monitoring and
anesthetic records of 100 consecutive patients that had cervical spine sur-
gery. Anesthetic management was at the discretion of each anesthetic team
and primarily consisted of intravenous propofol supplemented with nar-
cotics. MEPs were recorded from the upper extremity abductor pollicis
brevis (APB) muscles and the tibialis anterior (TA) and abductor hallucis
(AH) muscles in the lower extremities with needle electrodes after high
voltage (300 to 700 V) train (n= 5-9) electric stimuli (pulse width=0.75ms;
pulse interval=2.2 ms) was delivered between 2 scalp needle electrodes (C3
and C4, international 10 to 20 system) using a 16 channel Cadwell Cascade
system. Stimulation output was started at 250V and increased in 50 V steps
until a reproducible MEPs (>50 microV) were elicited.
Results: Of the 100 patients, 13 were excluded due to the use of DES (4) and
poor MEP responses (9, amplitude<50 microV) despite optimization of
anesthetic and stimulation parameters. Table 1 presents the demographic,
surgical, anesthetic and MEP data for patients. There were no significant
differences in the demographic and anesthetic management except for the
number of diabetic patients in the myelopathic patients that received SEVO.
In the myelopathic and radiculopathy patients that received SEVO the
concentrations were similar. SEVO was initially administered in 4 of the 13
patients in the no SEVO group and was discontinued due to concerns for
baseline MEP quality (baseline measurements recorded after SEVO was

discontinued). MEPs were significantly larger (Fig. 1) with lower stimulation
voltages in the radiculopathy vs. the myelopathic patients. There were no
differences in those parameters between the myelopathic groups that did and
did not have receive SEVO.
Conclusions: The use of low dose SEVO is compatible with MEP mon-
itoring in patients with and without a myelopathy. Protocols and com-
munication with the monitoring team is necessary to discontinue SEVO
administration in patients with poor/unreliable baseline (10-15%) responses.
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itoring. Intraoperative motor evoked potential monitoring - a position
statement by the American Society of Neurophysiological Monitoring.
Clin Neurophysiol 2013;124:2291–2316. doi:10.1016/j.clinph.2013.07.025.
PMID: 24055297.

[SNACC-508] Anesthetic Considerations During Bifrontal Cra-
niotomy in a Patient with Chronic Kidney Disease Requiring
Hemodialysis and Desmopressin
Lasko D, Kim S, Singh A, Yeh C, Adiutori L. University of Illinois at
Chicago, Chicago, IL, USA.
A 76-year-old female is scheduled for a two-stage bifrontal craniotomy with
orbitotomy followed by ENT resection for a large anterior skull base
metastatic lesion. Her past medical history includes hepatocellular carci-
noma for which she received a liver transplant, non hodgkin lymphoma,
chronic kidney disease stage 5, coagulopathy secondary to uremia, and
hypertension. Her preoperative labs were notable for BUN of 94, creatinine
of 4.35, and hemoglobin of 7.6. In addition, she received preoperative di-
alysis for uremia and hyperkalemia. Two of our major concerns in deliv-
ering anesthesia for her were fluid management and management of
cerebral edema in the setting of poor kidney function (GFR <30).FIGURE 1.

TABLE 1. Demographic, Procedural, Anesthetic and
Monitoring Parameters
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Typically, diuretics and hyperosmolar solutions such as furosemide, man-
nitol, and hypertonic saline, and hyperventilation are given during cra-
niotomies to reduce edema and facilitate surgical field exposure. However,
our patient posed a challenging situation as mannitol could not be used due
to its metabolism by the kidneys of which she had limited function. In
addition, diuretics needed to be used with caution in her due to the risk of
hypotension, hypoperfusion, and further decline in glomerular filtration.
We induced general anesthesia using a standard induction of propofol
and rocuronium for intubation. General anesthesia was maintained using
a combination of intravenous anesthetics fentanyl and propofol and an
inhaled anesthetic sevoflurane. Hyperventilation was used to reduce
cerebral edema. Diuretics were avoided to prevent further kidney injury.
Her volume status was closely monitored using invasive arterial mon-
itoring, serial arterial blood gases, and close monitoring of stroke volume
variation and cardiac index. In order to maintain the patient in a “dry”
state, hypovolemia was managed with the appropriate blood product
rather than crystalloid solution. Furthermore, she was found to have low
fibrinogen intraoperatively. This was treated with cryoprecipitate and
desmopressin for management of potential coagulopathy.
Our patient’s postoperative course was complicated by an intracranial
hemorrhage which remained stable through postoperative day 7, urinary
tract infection, altered mental status, and inability to maintain oral in-
take. One month after the operation, she was discharged to hospice care.
Our presentation will focus on how we managed volume status in a
patient with severe kidney disease undergoing scheduled craniotomy, the
role of desmopressin in treatment of platelet dysfunction, and the role of
hypertonic saline and mannitol for brain relaxation during a craniotomy.

Reference:
1. Hernández-Palazón J, Fuentes-García D, Doménech-Asensi P, et al. A

comparison of equivolume, equiosmolar solutions of hypertonic saline and
mannitol for brain relaxation during elective supratentorial craniotomy. Br
J Neurosurg 2016;30:70–75. doi:10.3109/02688697.2015.1109061

[SNACC-510] Comparison of Effects of Opioid Based Anaesthesia
and Opioid Free Anaesthesia on Intraoperative Hemodynamics and
Postoperative Analgesia in Patients Undergoing Spine Surgery
Panda N, Rani S, Mahajan S, Chauhan R. PGIMER Chandigarh,
Chandigarh, Chandigarh, India.
Introduction:Opioids are the mainstay in postoperative pain management
but are associated with various side effects ranging from prolonged

recovery, to impaired healing, immunosuppression and worsening of
oncologic outcomes. Opioid Free Anaesthesia (OFA) is a method where
various nonopioid drugs or neuraxial /regional blocks are being tried as a
substitute for opioids.
Ketamine, an NMDA antagonist, blunts the central pain sensitization.
Ketofol is a composition of propofol and low dose of ketamine. We
hypothesised that ketamine added to propofol (1:5) in the form of ketofol
along with ketamine will provide adequate analgesia in patients under-
going spine surgery and will reduce the side effects of opioid anaesthesia.
Study aimed to assess the post-operative analgesia and intraoperative
hemodynamic stability in patients receiving the Opioid Based Anaes-
thesia with Fentanyl and Propofol or Opioid Free Anaesthesia with
Ketamine and Ketofol for thoracolumbar spine surgery.
Material & Method: This prospective randomized double blind controlled
trial was conducted on ASA I & II adult patients with no H/O CAD,
posted for thoracic or lumbar spine surgery involving 2-4 intervertebral
spaces not on any opioids/antipsychotic drugs.
The patients were randomly divided into two groups, Group OBA receiving
the Opioid Based Anaesthesia with Fentanyl and Propofol infusion and
Group OFA receiving Opioid Free Anaesthesia with Ketamine and Ketofol
infusion. Post-operative pain free period, pain scores and rescue analgesic
doses required in postoperative period were recorded. Intraoperative he-
modynamic stability and postoperative complications were assessed.
Result: Total 60 patients included in the study were divided randomly into
two groups. The mean Pain Free Period in OFA group was (9.86±1.43
hrs) significantly higher than the patients in OBA group (6.93±1.93 hrs)
(P= 0.002). Pain scores were significantly lower in group OFA compared
to Group OBA till 12 hours in postoperative period. The total dose of
rescue analgesic drug (fentanyl 1µg/kg when pain score≥ 4) required in the
postoperative 48 hours was significantly lower in patients in Group OFA
compared that in Group OBA (P< 0.05).
There was a significant higher incidence of the hypertension in the OFA
group (46%) compared to OBA group (33%), the incidence of the hy-
potension was significantly noted in OBA group (43%) compared to OFA
group (16%). A significant number of patients presented with nausea and
vomiting post-operatively at 2nd hr and 8hr in the patients of OBA group
compared to patients in OFA group. (P< 0.05).
Conclusion: Opioid free anaesthesia with ketamine and ketofol provided
adequate postoperative analgesia after spine surgery. However, the hy-
pertension was observed more commonly in this group of patients. The
incidence of PONV was observed to be significantly less in OFA com-
pared to OBA group. Opioid free anaesthesia with ketamine and ketofol
can be used in spine surgery with fine titration of ketofol infusion to
maintain haemodynamic parameters.

Reference:
1. Fodale V, D’Arrigo MG, Triolo S, et al. Anesthetic Techniques and

Cancer Recurrence after Surgery. Hayashi Y, Spacek A, editors. Sci
World J. 2014:328–332. doi:10.1155/2014/328513

[SNACC-511] N-POMS: Developing a Tool to Detect Early
Morbidity After Cranial Neurosurgery
Luoma V*, Menon A*, Moncur E*, D’Antona L*, Douglas D*, Toma
A*, Smith M†. *UCLH NHS Foundation Trust, London, UK; †University
College London, London, UK.
Background: The Post-operative Morbidity Survey (POMS) is a 9-
domain tool that was developed for use in the general surgical population
to measure early post-operative morbidity.1 Our baseline data showed
that POMS positive morbidity is associated with increased length of stay
(LOS) after cranial neurosurgery but it did not identify 42% of post-
operative morbidity on day 3 (D3) after cranial neurosurgery.2

Our aim was to develop a neurosurgery-specific POMs (N-POMS) using
local data and published sub-specialty POMS (C-POMS, HF-POMS and
ePOMS).2 The primary outcome was the incidence of N-POMS defined
morbidity on D3 after surgery. The secondary outcomes were: (i) dif-
ference in LOS between patients with N-POMS morbidity and those
without, and (ii) difference in incidence of morbidity identified using
N-POMS compared with using POMS.
Methods: This project is a locally registered service evaluation (05-
202021-SE). We used the Delphi method, with 7 multi-disciplinary
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experts, to identify items and domains to construct N-POMS. N-POMS
was then tested by two independent investigators on D3 using the base-
line retrospective POMS cohort2 who had all undergone cranial neuro-
surgery. Cronbach-alpha was used to test inter-rater reliability for the
first 50 patients. Groups were compared using Fishers exact test and t-test
as appropriate. A P-value< 0.05 was considered significant.
Results: The derived N-POMS contained 12 domains; Cronbach-alpha
was 0.91 for all items. 147 consecutive patients (median (range) age 53
(19-84) years; 61% women; median (range) ASA-PS 2 (1-4)) were in-
cluded in analysis. 65% experienced D3 N-POMS morbidity. Most
commonly this was in the: pain (49%), neurological (35%) and renal
(34%) domains. Presence of N-POMS morbidity was associated with
increased LOS (mean (sd) 9.88 (8.17) vs. 7.65 (5.53) days respectively,
P= 0.0019). N-POMS identified a higher incidence of morbidity com-
pared to POMS (65% vs 30%2, P= 0.0001).
Discussion: N-POMS identified a higher incidence of early post-operative
morbidity after cranial surgery than POMS, and presence of morbidity
was associated with increased LOS. N-POMS potentially provides an
additional tool to support quality improvement and service development.
Our results are limited by the retrospective, single-centre nature of this
study. Further work is required for external validation of N-POMS.

References:
1. Grocott MPW, et al. J Clinical Epi. 2007;60:919–928. PMID:17689808.
2. Luoma AMV, et al. [Publish ahead of print]. doi:10.1097/
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[SNACC-512] A Prospective Randomized Cross Over Study to
Compare the Effects of Desflurane/Nitrous Oxide With Propofol
Total Intravenous Anaesthetic Regimen on Transcranial Motor
Evoked Potentials and Somatosensory Evoked Potentials in
Cranial Surgeries
Manohara N*, T M†, Palan A‡, Kambaru P§. *Cleveland Clinic Abud-
habi, Abudhabi, United Arab Emirates; †Sparsh Hospital Bangalore,
Bangalore, Karnataka, India; ‡Zydus Hospital, Dahod, Gujarat, India;
§Yashoda Hospitals, Hyderabad, India.
Introduction:Motor evoked potentials (MEP) and Somatosensory evoked
potentials (SSEP) are useful intraoperative neuromonitoring (IONM)
modalities to detect neurological injuries. However they are sensitive to
the effects of anaesthetic agents. The aim of this study is to compare the
effects of Desflurane/Nitrous oxide versus Propofol TIVA (Total intra-
venous anaesthetic regimens) on the IONM signals.
Material and Methods: A prospective randomized cross over study was
conducted on 20 patients, who underwent supratentorial craniotomy and
tumor resection under IONM. Baseline recordings of amplitude and la-
tency of both upper limb SSEP and amplitudes of MEP in all 4 limbs
were obtained with Desflurane/Nitrous oxide inhalational anaesthesia
(Group D). Cross over of anaesthesia to Propofol TIVA regimen was
done and baseline recordings of amplitude and latencies of SSEP and
amplitudes of MEP were obtained (Group P) and was compared between
two groups.
Results: Group D showed significant reduction in upper limbs SSEP am-
plitude compared to Group P (P=0.001). However Upper limbs SSEP
latencies showed no statistical differences between the groups (P=0.408).
Group D also showed significant reduction in MEP amplitudes of all muscle
groups compared to Group P (P=0.001). However satisfactory MEP am-
plitudes were recorded in all muscle groups in Group D with both limbs
Abductor Pollicis Brevis (APB) showing better response within the group.
Conclusion: IONM with Desflurane/Nitrous oxide anaesthesia is possible
but compared to Propofol TIVA it causes significant reduction in am-
plitudes of SSEP and MEP with no significant effects on latency of SSEP.
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[SNACC-513] Evaluation of Effect of Addition of Ketamine or
Dexmedetomidine Along With Propofol Infusion on Cranial Nerve
Monitoring in Patients Undergoing Posterior Fossa Surgery: A
Prospective Randomised Double-blind Placebo-controlled Trial
Pathak S, Gupta P. All India Institute of Medical Sciences, Rishikesh,
Uttarakhand, India.
Background: Motor evoked potentials (MEP) and cortical potentials
are affected by anaesthetic agents. Research has established propofol
and opioid based Total Intravenous Anaesthesia (TIVA) as the an-
aesthetic technique of choice for neuromonitoring during surgery as it
avoids any suppressant effect on potentials in usual anaesthetic doses.
In the present study we evaluated effect of adding ketamine or dex-
medetomidine to propofol and opioid based TIVA on amplitude and
latency of MEPs of cranial nerves in patients undergoing posterior
fossa surgeries.
Methodology: Forty two patients aged 18-60 years, ASA I-III undergoing
posterior fossa surgery under neuromonitoring were randomly assigned
in three groups (n= 14), Group S-saline at 0.25 mL/kg/hr, Group
D-dexmedetomidine at 0.25 μg/kg/hr and Group K-ketamine at 0.25 mg/
kg/hr. Anaesthesia was maintained with Target Controlled Infusion for
Propofol (Schneider model Effect site concentration 2-5 μg/mL), Fentanyl
1-2 μg/kg/hr and 50% mixture of air and oxygen. Study drug infusions
were started after induction. Muscle relaxant was only used to facilitate
endotracheal intubation. Optimal anaesthesia depth was maintained by
titrating propofol and fentanyl infusion to maintain BIS 40 to 60. The
ETS (train of one to three pulses of 0.5 ms duration and 2ms ISI at 200-
300 V) was established at baseline and maintained through the surgery.
MEPs were recorded simultaneously from masseter, oculi, mentalis,
stylopharyngeus, trapezius and tongue muscles bilaterally at pre-defined
intervals (Tbaseline, T2 (averaged over 60 min after induction till tumour
dissection), T3 (averaged over 120 min during tumour dissection), T4 at
haemostasis and T5 at dural closure). The effect on amplitude and la-
tency of corticobulbar MEPs, change in haemodynamic parameters, ef-
fect on recovery profile and postoperative pain were assessed.
Results: Demographic characteristics and surgical and anaesthetic vari-
ables were comparable between the study groups. Comparison of per-
centage change in amplitude (baseline to closure) revealed significant
difference amongst the groups (P value <0.0001). Post-hoc analysis of
data showed change in ketamine group was significantly less than saline
group across all analysed muscles (e.g for Right masseter muscle the
percentage change was +1.21± 3.2, −3.6± 3.2 and −6.7 ± 4.62 for groups
K, D and S respectively, P value K vs D:0.005, K vs S:< 0.0001 and D vs
S:0.102). Heart rate was significantly less in group D compared to K and
S (73.5± 9.67, 83± 9.46 and 85.14± 14.05 respectively, P value 0.021).
Mean arterial pressure was higher in Group K compared to D and S
(95.79± 8.58, 81.5± 9.97 and 84.93±10.72 respectively, P value 0.001).
Emergence reaction was observed solely in group K in 5 out of the 6
extubated patients (P value 0.001). Post-operative pain score analysis by
visual analog scale was higher in Group S (6.33± 0.58) as opposed to K
(2± 0.63) and D (1.14± 0.38), P value 0.006.
Conclusion: In conclusion, addition of ketamine or dexmedetomidine as
adjunct to propofol-fentanyl based TIVA provides good conditions for
neuromonitoring as well as intra-operative haemodynamic parameters
and post-operative pain relief. Ketamine attenuates the dose depressant
effect of propofol on MEPs.

[SNACC-514] Assessment of Cerebral Autoregulation and its
Correlation With Neurological Outcomes in Aneurysmal SAH:
A Prospective Observational Study
Kataria K*, Panda N†, Luthra A†, Chauhan R†, Bhagat H†. *Post
Graduate Institute of Medical Education and Research, Chandigarh,
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Chandigarh, India; †Post Graduate Institute of Medical Education and
Research, Chandigarh, Chandigarh, Chandigarh, India.
Background: Cerebral Autoregulation (CA) is of prime importance in
Aneurysmal subarachnoid hemorrhage (aSAH). It can be assessed by
measuring Transient Hyperemic Response Ratio (THRR) using Trans-
cranial doppler (TCD). We aimed at assessing the incidence of impaired

CA and its correlation with the neurological outcome in patients with
aSAH undergoing clipping of the ruptured aneurysm. We hypothesized
that impaired CA may result in worse neurological outcomes.
Methods: A prospective, observational study was conducted in a high
volume tertiary care centre between February 2018 to February 2020
including patients with all grades of aneurysmal SAH posted for surgery
after obtaining Institutes Ethics Committee approval (NK/3971/DM) and
clinical trial registry India registration (CTRI/2018/02/011932). Patients
aged > 18 years attributed to all grades of aneurysms according to Hunt
& Hess (H&H), World Federation of Neurosurgical Society (WFNS),
and Modified FISHER grades were included in the study. Patients with
carotid artery disease, ischemic stroke, hemodynamically unstable pa-
tients, those with inadequate TCD window, or with early angiographic
vasospasm on initial CT angiography/DSA and ruptured posterior cir-
culation aneurysms were excluded from the study. The primary outcome
of the study was to detect the incidence of impaired CA by measurement
of THRR using TCD. THRR measurement using TCD was done for
assessment of CA in preoperative and 5 consecutive postoperative days.
Correlation of impaired CA with neurological outcome measured by
modified Rankin Scale (mRS) at discharge and extended Glasgow Out-
come Scale (GOSE) at 1,3 and 12 months were the secondary outcomes
of the study. The hypothesis of deranged cerebral autoregulation with
postoperative neurological outcomes was tested.
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Results: A total of 100 patients were included in the study. Impaired CA
(THRR< 1.09) was observed in 69 patients pre-operatively, 74 patients
on the 1st post-operative day, 76 patients on 3rd post-operative day and
78 patients on 4th and 5th postoperative day. Out of 78 patients who had
impaired CA, 42 patients (53.8%) at discharge, 60 patients (76.9%) at
1 month, 54 patients (69.2%) at 3 month and 55 patients (70.5%) at
12 months had unfavourable neurological outcome significantly more
than those with preserved CA.
Conclusion: Incidence of impaired autoregulation as assessed by THRR
using TCD in patients undergoing clipping of cerebral aneurysm varies from
69-78% in the perioperative period. The deranged autoregulation is asso-
ciated with significantly poor neurological outcome in 12 months follow up.
Thus, assessment of CA by THRR measurement is a useful bedside method
for predicting neurological outcome in patients with aneurysmal SAH.

[SNACC-515] Conservative, Endovascular or Surgical Manage-
ment of a Patient Presenting With Middle Cerebral Artery My-
cotic Aneurysm. A Difficult Decision to ‘MYC’
George A*, Rajan S†. *Allegheny Health Network, Pittsburgh, PA, USA;
†Allegheny Genral Hospital, Pittsburgh, PA, USA.
A 59-year-old male, with no significant medical history was diagnosed
with severe mitral regurgitation (MR). After diagnosis of severe MR, he
was being considered for mitral valve replacement (MVR). He had poor
dental hygiene and a facial CT revealed a periapical abscess. He was
started on antibiotics, prophylactic heparin and planned for MVR after
medical optimization. On day 4 of admission, he had an acute change in
his neurologic exam with dysarthria, dysphasia, and confusion. CT head
(CTH) and CT angiogram (CTA) was obtained, which revealed a right
sided subarachnoid hemorrhage (SAH) on CTH and a right middle
cerebral artery (MCA) bifurcation aneurysm and fusiform aneurysm of
the proximal basilar artery on CTA. A diagnostic digital subtraction
angiography (DSA) for further evaluation of the aneurysms revealed a
right proximal M2 branch dissecting fusiform pseudoaneurysm measur-
ing 7×7×7mm, likely mycotic. As the morphology and location of the
aneurysm was not ideal for either endovascular or surgical intervention,
the aneurysm was initially managed conservatively with antibiotics,
blood pressure control, and close monitoring of the aneurysm via
imaging. Repeat CTA was obtained three days later which demonstrated
increase in size of the aneurysm. The decision was made to take patient to
the OR for right MCA aneurysm clipping with possible bypass the next
day. A DSA was completed prior to the OR for further evaluation of the
aneurysm and surgical planning, which demonstrated increase in size of
the aneurysm. On returning from the diagnostic angiogram, patient was
no longer following commands and had a rapid deterioration of his
neurological status. He was emergently intubated and underwent CTH
which showed extensive hemorrhage. He was emergently taken to the
operating room for a right sided decompressive hemicraniectomy and
MCA aneurysm repair. The decision was made to ligate the distal right
MCA M1 segment to ensure no further hemorrhage from the diseased
vessel and an external ventricular drain was also placed at this time. Post-
operatively, patient was kept intubated, and his neurologic exam re-
mained poor. Patient’s condition did not improve, and patient passed
soon after terminal extubation on comfort measures.

[SNACC-516] Comparison of Effect of Propofol Versus Ketofol
(Ketamine and Propofol) on Jugular Venous Oxygen Saturation in
Moderate to Severe Traumatic Brain Injury: A Prospective
Randomized Trial
Chauhan R, Singh T, Panda N, Luthra A, Singh N. PGIMER Chandi-
garh, Chandigarh, Chandigarh, India.
Background: Traumatic brain injury (TBI) induces major insult to the
normal cerebral physiology. The anesthetic agents may infrequently
produce deleterious effects and further cause secondary injury to the
injured brain. This study was conducted to evaluate the effects of Pro-
pofol and Ketofol on cerebral oxygenation, brain relaxation, systemic
hemodynamic parameters and levels of S 100B in patients with moderate
to severe TBI undergoing decompressive craniectomy.

Methods: A prospective randomized comparative study was conducted on
36 patients undergoing decompressive hemi-craniectomy for moderate to
severe TBI. All patients were induced with fentanyl, thiopentone and
vecuronium. Patients were randomized into two groups, Group P received
Propofol and Group KP received Ketofol (combination of ketamine and
propofol in the ratio 1:5) for maintenance of anesthesia. The effect of these
agents on cerebral oxygenation was assessed by jugular venous oxygen
saturation (SjVO2). Hemodynamic changes and quality of intraoperative
brain relaxation were also assessed. The serum levels of S-100 B were
quantitated using enzyme‑linked immunosorbent assay technique.
Results: SjVO2 values and derived values were comparable and mean
arterial pressure (MAP) was found to be significantly higher in group KP
as compared to group P (P< 0.05) (Fig. 1). The total analgesic
requirement was significantly higher in group P in comparison to group
KP (P= 0.008) (Fig. 2). A significantly higher amount of vasopressor
(phenylephrine/nor adrenaline) was found to be used as a rescue drug for
hypotension intraoperatively in group P as compared to group KP
(P= 0.004). Brain relaxation scores, relaxation score, Optic nerve sheath
diameter, serum S100B levels, number of ventilator, ICU and hospital
days, in-hospital mortality, Modified Rankin Score (MRS) and Extended
Glasgow Coma Scale-Emergency (GOSE-E) were comparable between
the groups (P> 0.05).
Conclusions: Cerebral oxygenation measured by SjVO2 was comparable
when anesthesia was maintained with Propofol or Ketofol. The Ketofol
infusion provided better hemodynamic stability in terms of maintaining
better MAP and lesser requirement for vasopressors in comparison to the
use of propofol infusion alone, consequently avoiding secondary injuries
due to hypotension in intraoperative period.
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[SNACC-517] Emergent Bilateral Hemicraniectomy in the Setting
of Delayed Diagnosis of Traumatic Brain Injury
Allais L*, Liu T†, Davis G‡, Heinz E*, Vincent A*, Benjenk I*. *George
Washington University Hospital, Washington, District of Columbia, USA;
†George Washington Univsersity Hospital, Washington, District of Co-
lumbia, USA; ‡George Washington University Hospital, Washington,
District of Columbia, USA.
Traumatic brain injuries (TBI) cause a large burden of ED visits and
deaths.1 Intracranial hypertension (ICH) is a consequence of severe TBI.
When medical management of ICH fails, decompressive craniotomy
becomes necessary to mitigate brain swelling and herniation.2 Un-
fortunately, TBIs can be difficult to detect early, leading to delayed care.
Furthermore, when the brain undergoes significant trauma, a catechol-
amine surge can lead to cardiac collapse.
We present a severe TBI masked by a Glasgow Coma Scale (GCS) of 15,
requiring emergent bilateral craniectomies, complicated by intraoperative
catastrophic cardiovascular events.
Case Summary: Patient is a 49 year old man who arrived after witnessed
gunshot wounds to the head. He was awake, able to speak coherently,
moving all extremities, with a head wound thought to be a bullet “graze
injury.” Head CT revealed a bullet tract from left parietal tissues to the
right temporal lobe, holohemispheric bleeds, pneumocephalus and ede-
ma. His care was elevated to involve Neurosurgery and Anesthesiology.
The patient became progressively hypertensive, developed rightward gaze
deviation, left sided motor deficits as his neurological status quickly de-
clined, He was intubated with the head of bed at 30°, hyperventilated,
and moved to the OR. He received Mannitol, 23% saline, and Levetir-
acetam. The Catastrophic Brain Injury protocol was started. He re-
mained hypertensive during the early operative course. As hemorrhages
were evacuated, he required a Phenylephrine infusion and PRBCs to
maintain adequate cerebral perfusion.
During flap closure, the patient developed profound bradycardia and
hypotension. Carotid pulse could not be identified until after receiving
0.2 mg of epinephrine. Additional vasoactive medications were given
during similar episodes of abrupt profound lability during which the
surgical team appreciated continued herniation with closure.
Due to complications of continued hemodynamic lability, global auto-
nomic dysregulation, and poor neurologic exam, the decision for com-
passionate extubation was made POD 12.
Discussion: Missed diagnosis of TBI increases morbidity and mortality.
This patient’s initial presentation may have led to a delay in escalation of
care. In spite of initial high GCS, a witnessed firearm attack should
trigger expedited management of presumed TBI. Time to craniectomy
might have been shorter, improving brain preservation.3,4 High GCS on
presentation can be a positive prognostic factor with timely intervention.5

Expediting tertiary care regardless of GCS may be protective. Initially
hypertensive, the patient became suddenly hypotensive and bradycardic.
Similar to the myocardial “stunning” in subarachnoid hemorrhages,6 this
was possibly catecholamine-mediated, worsened by early brainstem
herniation. His catecholamine reserves were likely exhausted after a
massive surge, demonstrated by response only to exogenous catechol-
amines. Furthermore, the cardiomyopathy induced by adrenergic cascade
can in of itself be a threat by provoking abrupt and cataclysmic ar-
rhythmias refractory to chemical support.
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[SNACC-518] Posterior Cervical Laminectomy for Cervical
Compressive Myelopathy: Intra-hospital Length of Stay and
Patient Outcome
Cammarano C, Francis J, Cain J, Funnel J, Grieve K, Prakash A.
Addenbrooke’s Hospital, Cambridge University Hospital, Cambridge,
Cambridgeshire, United Kingdom.
Introduction: Posterior decompressive cervical laminectomy (PDCL) is a
well-established surgical procedure for the management of cervical
spondylotic myelopathy. Spine surgery represents a typically invasive
intervention with a protracted recovery phase that often requires re-
habilitation and intensive postoperative pain management.1 Protocols for
enhanced recovery after surgery (ERAS) have been adopted in many
neurosurgical centres.2,3

Methods: We retrospectively analysed 100 consecutive adult patients
from April 2018 to October 2020 who had undergone PDCL. Access to
physiotherapy, use of preoperative and postoperative gabapentinoids and
PCA, were correlated with the postoperative Length of Stay (LoS). In-
traoperative analgesic adjuvants in the contest of Multimodal Anaes-
thesia (MMA) were correlated with the postoperative pain score and
LoS. Pain score was assessed using the Numeric pain Rating Scale (NRS)
at time T0 (one hour after the arrival in recovery), T1 (midnight day 0)
T2 (midday day 1) and T3 (the last recorded before the discharge).
Presence of pre-operative chronic pain was recorded.
Results: The average LoS was 7.24 days (max 28, min 1). Both the Pearson
and the Spearman correlations showed that the early access to the physi-
otherapy was not correlated to a shorter LoS. Sixty-two patients had no
chronic pain prior to admission. Their mean LoS was 7.69 days. Mean LoS
was unexpected shorter, 6.50 days, for the 38 patients with pre-existing chronic
pain. Oral Opioids were prescribed postoperatively in 70 patients while 30
patients had PCA. Patients who used PCA had a longer LoS (mean 7.96 d)
compared to the patients who were managedon oral opioids (mean 7.01 d).
There was no difference in LoS in patients treated with gabapentinoids,
and those with not – 7.23 vs 7.26 days respectively. Only 15 patients were
given added muscle relaxants in the post-operative period with no ob-
vious benefit on the NRS score or on LoS.
Intraoperative administration of adjuvants (ketamine and clonidine) had
a benefit on the post operative NRS score and on the LoS. Ketamine was
administrated as a bolus of 0.5 mg/kg at the induction. Clonidine was
given at a dose of 0.1-0.3 mcg/kg.
In the Clonidine group NRS was 3.63 at T0 and 1.74 at T1 compared
with the non-Clonidine group where NRS was 4.20 at T0 and 3.05 at T1.
In the Ketamine group NRS was 2.22 at T0 and 1.50 at T1 compared
with the non-Ketamine group where NRS was 4.31 at T0 and 3.02 at T1.
Conclusions: Patients undergoing PDCL can benefit from aMMA approach.
Ketamine and clonidine were related to a lower NRS score however the LoS
was not affected. Use of PCA increased the LoS compared to using only oral
analgesics. As a next step, based on this QI project we will be implementing
ERAS protocol for complex spine surgery to improve patient outcomes.
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[SNACC-519] Individualizing Blood Pressure Targets During Neu-
rosurgical Operations: Cerebral Autoregulation Guided Approach
Garcia-Orellana M*, Beqiri V†, Politi A‡, Fabregas N*, Tas J§,
Czosnyka M∥, Aries M§, de Riva N*, Smielewski P†, Valero R*.
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*Hospital Clinic de Barcelona, Barcelona, Spain; †Brain Physics Labo-
ratory, Division of Neurosurgery, Cambridge, United Kingdom; ‡Milano
Bicocca University - San Gerardo Hospital, Monza, Italy; §Maastricht
UMC, Maastricht, The Netherlands∥.
Background and Goal of the Study: Poor postoperative outcomes have
been associated with impaired cerebral autoregulation (CA). This is likely
because of ischaemic events associated with hypotensive periods that may
be unavoidable during some neurosurgical procedures. Monitoring CA
using a near-infrared spectroscopy derived index COx (correlation be-
tween slow changes in mean arterial blood pressure ABP and cerebral
regional O2 saturation rsO2) could provide a useful tool to individualize
management of ABP, maintaining it above the lower limit of autor-
egulation (LLA), within the range where CA is preserved. Our aim was to
develop a method for assessing a continuous automated calculation of
both the ‘optimal ABP’ (ABPopt=ABP where CA is best preserved) and
the LLA applicable in an elective neurosurgical setting.
Materials and Methods: We performed a retrospective analysis of ABP
and rsO2 signals prospectively collected with ICM+® Software during
elective neurosurgeries of at least 2 hours of duration. Eighty-seven pa-
tients were included, 45% males. Mean age was 60 years (range 50-68).
Median (CI) duration of the recordings was 4,8 (3,5-6) hours. ABPba-
seline was calculated as the mean of 3 pre-operative measurements. We
adopted an expanding window approach to calculate ABPopt and LLA.
Results and Discussion: ABPopt and LLA were available in 85% of the
patients. Median (CI) ABPopt was 75 (67-84) mmHg, and LLA was 57
(51-64) mmHg. Time required to assess the first value was 97 (79.5-147)
min, suggesting that ABPopt and LLA could potentially be available for
more than 60% of all the operatory time. The % of recorded time with the
intraoperative ABP above or below ABPopt was 72 (56-86) %. In almost
half of the patients there was at least one insult of ABP dropping below
LLA. ABPopt was independent from intraoperative ABP across patients
(r= 0.01, P= 0.36, partial correlation test, controlling for patients and
time). Mean ABPopt was different from baseline ABP (90 (84-95))
(P< 0.001, Wilcoxon test).
Conclusion: Individualized target for management of ABP in the neuro-
surgical setting seems feasible. Further investigation is required in order to
analyze its relationship to postoperative neurological outcomes after surgery.
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[SNACC-520] Current Recommendations for Perioperative Brain
Health: A Scoping Review
Wooding D*, Field T*, MacDonell S†, Flexman A*. *University of
British Columbia, Vancouver, BC, Canada; †UBC, Vancouver, BC,
Canada.
Background: Perioperative sequelae such as stroke, delirium and neuro-
cognitive dysfunction are common and increase morbidity and mortality.
Our objective was to characterize contemporary published guidelines on
perioperative brain health.
Methods:We performed a structured search of PubMed and of 23 relevant
medical societies websites (identified a priori) for guidelines pertaining to
perioperative stroke, postoperative delirium and perioperative neuro-
cognitive dysfunction (PND), published since January, 2016. We excluded
articles not pertaining to the perioperative period, pediatric recom-
mendations (< 18 y), and those not providing recommendations for clin-
ical care. We categorized recommendations by subtopic (stroke, delirium,
PND), type (disclosure/ethics/administrative, prevention, screening and
diagnosis, management), pharmacological vs. non-pharmacological, and
phase of care (pre-, intra- and postoperative). We noted country of origin,

associated organization or society, medical specialty, and whether rec-
ommendations were supported by a grading of evidence quality.
Results: We identified 17 unique articles. After excluding those outside
the date range (N= 4), without recommendations (N= 5), and not spe-
cific to perioperative care (N= 1), 7 articles were included in the analysis.
A summary of the articles and types of recommendations are shown in
Table 1, and Figs. 1 and 2.
We found agreement (≥ 2 documents) for the following recom-
mendations: disclosure of risks to patients, multidisciplinary involvement,
multicomponent nonpharmacological measures for prevention of delir-
ium, intraoperative glycemic targets for stroke, avoidance of routine
benzodiazepines, and risk factor identification and timely screening. We
identified conflicting recommendations on the use of antipsychotics for
treatment of delirium, and the utility of intraoperative neuro-
psychological monitoring for stroke. In addition, there were a large
number of recommendations unique to each document.
Conclusions: We identified 7 guidelines published within the past 5 years
providing clinical recommendations related to perioperative brain health,
with several consistent recommendations, as well as notable areas of
discrepancy. Future research should identify and clarify clinical best
practices in perioperative brain health and reduce variability in recom-
mendations.

FIGURE 1. Percentage of perioperative brain health recom-
mendations arranged by type. Note that some recom-
mendations fit within >1 category within a group (i.e. both
pre-operative and post-operative). PND indicates perioperative
neuroeognitive dysfunction.

FIGURE 2. Percentage of perioperative brain health recom-
mendations arranged by type (prevention vs. management)
and subtype (pharmacological vs. non-pharmacological; then
stroke vs. delirium vs. PND). PND indicates perioperative
neurocognitive dysfunction.
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[SNACC-521] The Impact of 3% Hypertonic Saline Versus 20%
Mannitol on Clinical Outcomes in Patients Undergoing Elective
Craniotomy for Supratentorial Tumours: A Prospective Randomize
Controlled Trial
Saha D*, Misra S†. *All India Institute of Medical Sciences Bhubaneswar,
Bhubaneswar, Orissa, India; †AIIMS Bhubaneswar, Bhubaneswar, Orissa,
India.
Background: Cerebral swelling and intracranial hypertension during
neurosurgery are associated with poor outcome.1 Among various
methods to reduce the intracranial pressure (ICP) and provide intra-
operative brain relaxation, use of hyperosmolar agents like mannitol is
common. However, it has several side effects like excessive diuresis and
intravascular volume depletion leading to secondary hypovolemia, re-
bound ICP elevation, electrolyte abnormalities, and renal failure.2 Hy-
pertonic saline (HS) has emerged as an alternative hyperosmolar agent in
neurosurgery. The side effect profile of HS appears to be more favour-
able in reducing perioperative excess diuresis and maintaining a more
optimal volume status. It reduces intraoperative fluid requirements.
Additionally, a beneficial immunomodulatory role has been proposed.3

Though both these agents are comparable in decreasing ICP, their effect
on hospital stay, morbidity and mortality and long-term outcome has
not been studied. We hypothesize that perioperative administration of
3% HS will reduce the length of hospital stay in patients undergoing
elective supratentorial brain tumour resection surgery compared to 20%
mannitol.
Materials and Methods: This prospective, randomized, study enrolled
adult patients (age 18-65) of ASA-PS status I or II undergoing elective
craniotomy for supratentorial brain tumours measuring not more than
10 cm in any dimension. Patients were randomized into two groups – HS
group received 5 ml/kg of 3% HS and mannitol group received 5ml/kg of
20% Mannitol. Either of the drugs (3% HS or 20% Mannitol) were given
from the time of skin incision for 1.5 hours. The primary outcome was
duration of postoperative hospital stay. The secondary outcomes were
difference in morbidity, mortality and long-term outcome between the
two groups. Assuming that the post-operative hospital stay would be one
day less in group HS, sample size was calculated to be 140 (70 in each
group) with power of 80% and ɑ error of 5%.
Results: Interim analysis of 84 patients is presented (42 in each group).
The length of post-operative hospital stay was not different between the
two groups (7.26± 4.15 d in group M vs 7.16 + 4.72 d in group HS;
P= 0.638).
Other secondary outcomes like length of ICU stay, complications in ICU,
duration of mechanical ventilation, C-reactive protein and serum crea-
tinine values were also similar in both the groups. 24-hour fluid re-
quirements were significantly lower in the HS group (2308.14± 206.13

mL vs. 2470.71± 225.93mL; P= 0.001). The 3 months mortality and
Glasgow outcome scale extended scores were also no different in between
groups.
Conclusion: This study failed to find a difference between 3% HS and 20%
mannitol on long term outcomes when administered intraoperatively in
patients undergoing neurosurgery. However, 3% HS was associated with
a reduction in postoperative fluid requirements which may be of benefi-
cial in this cohort of patient.
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[SNACC-525] Effect of Hyperglycemia on Neurological Outcome
in Aneurysmal Subarachnoid Hemorrhage
Patel S, Panda N, Koyyana S, Mahajan S. Post Graduate Institute of
Medical Education & Research, Chandigarh, Chandigarh, India.
Objectives: 70-90% of patients with aSAH have hyperglycemia as a stress
response and is deleterious if not controlled well. Our primary objectives
were to assess prevalence, risk factors of hyperglycemia and its effect on
outcome in aSAH who underwent surgical clipping.
Materials and Methods: This prospective observational study was con-
ducted in 148 patients. All perioperative variables were recorded. Blood
sugar levels were noted during preoperative, intraoperative and post-
operative period. Random blood sugar (RBS) > 160mg/dL and RBS>
200mg/dL was considered as hyperglycemia and severe hyperglycemia
respectively. Effects of hyperglycemia on outcome was measured by
ventilator/ICU/hospital stay and Glasgow Outcome Scale (GOS) at 1 &
3 months after discharge.
Results: At admission, prevalence of hyperglycemia/severe hyperglycemia
was 31.8%/6.8% while perioperative hyperglycemia/severe hyperglycemia
was seen in 75.7% & 27%. History of diabetes milletus, higher admission
RBS and higher mean blood pressure were predictors of perioperative
hyperglycemia. Increased ventilator days (P value≤ 0.006), ICU days (P
value≤ 0.007), hospital days (P value≤ 0.038) & poor GOS at 1 &
3 months after discharge (P value≤ 0.000) were associated with peri-
operative hyperglycemia.
Conclusion: Our findings suggested higher prevalence of hyperglycemia in
aSAH patients. Hence, identification of risk factors and meticulous

TABLE 1. Summary of Articles Meeting the Inclusion Criteria
for Meta-analysis
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perioperative control of hyperglycemia (modifiable factor) will help in
achieving good neurological outcome.

References:
1. Kruyt ND, Biessels GJ, DeVries JH, et al. Hyperglycemia in aneur-

ysmal subarachnoid hemorrhage: a potentially modifiable risk factor
for poor outcome. J Cereb Blood Flow Metab Off. 2010;30:1577–1587.
PMID: 20628402.

2. Dorhout Mees SM, van Dijk GW, Algra A, et al. Glucose levels and
outcome after subarachnoid hemorrhage. Neurology. 2003;61:1132–1133.
PMID: 14581680.

3. Lanzino G, Kassell NF, Germanson T, et al. Plasma glucose levels and
outcome after aneurysmal subarachnoid hemorrhage. J Neurosurg.
1993;79:885–891. PMID: 16028754.

4. Schlenk F, Nagel A, Graetz D, et al. Hyperglycemia and cerebral
glucose in aneurysmal subarachnoid hemorrhage. Intensive Care Med.
2008;34:1200–1207. PMID: 18320167.

5. Mocco J, Ransom ER, Komotar RJ, et al. Preoperative prediction of
long-term outcome in poor-grade aneurysmal subarachnoid hemor-
rhage. Neurosurgery. 2006;59:529–538. PMID: 16955034.

[SNACC-526] Outcome Related to General Anaesthesia Versus
Regional Anaesthesia for Lower Extremity Surgery in Patients
With Mild Traumatic Brain Injury (GARA Trial)
Ganesh V*, Bhagat H†, Luthra A†, Chauhan R†, Kumar V†,
Salunke P†. *All India Institute of Medical Sciences, New Delhi, New
Delhi, New Delhi, India; †Post Graduate Institute of Medical Education
and Research, Chandigarh, Chandigarh, Chandigarh, India.
Introduction: Traumatic brain injury (TBI) is a major cause of morbidity
and mortality. Secondary insults are known to worsen survival after TBI.
The management of a brain injured patient following trauma for non-
neurosurgical procedure, for example lower limb surgery, is a challenge.
Regional anaesthesia (RA) has the advantage of continuous neuro-
monitoring whereas there can be hypotension. General anaesthesia (GA)
has the advantage of controlled ventilation, but multiple drugs can raise
the ICP. There is no evidence to suggest that any particular anaesthesia
technique or agent is optimal in this patient group.
Objective: To evaluate the effect of GA and RA in patients with MTBI
undergoing lower limb surgery chiefly in terms of neurological outcomes.
Methodology: This is a prospective randomised (computer generated ta-
bles) pilot trial (CTRI/2016/01/006554) among 40 patients with acute
mild TBI, who presented for isolated lower extremity surgery, followed
up till discharge. Data was collected for each patient in the preoperative
period on the demographic details, Glasgow Coma Score, AIS (Abbre-
viated Injury Score), ISS (Injury severity Score), CT scan finding, co-
morbidities and medications. Under standard monitoring, 20 patients
were given GA with fentanyl, propofol, vecuronium, oxygen, air and
desflurane. The other group of 20 patients RA received an epidural
catheter and subarachnoid block with 0.5% bupivacaine and fentanyl.
Intraoperative parameters included the duration of anaesthesia, duration
of surgery, blood loss, hemodynamic parameters as heart rate, blood
pressure, oxygen saturation, temperature, intravenous fluid, blood
transfusion, urine output and arterial blood gases were recorded. Post-
operative data in the first hour included GCS, heart rate, blood pressure
and serum sample was collected for S100B estimation and stored at
�800C. GCS was recorded at 48 hours and on the 7th postoperative day.
Statistical Analysis: Statistical analyses was performed using SPSS for
Windows, version 20.0; SPSS Inc.; Chicago IL. Descriptive frequencies
were expressed using the mean (SD). Differences between the means of
continuous variables was compared using the student t test, and those of
categorical variables was compared with the χ2 test. A P value of less
than 0.05 was considered statistically significant.
Results: The demographic data, AIS, ISS, duration of anaesthesia, du-
ration of surgery, the blood loss, types of fluids and blood used intra-
operatively, intraoperative parameters, preoperative GCS (GA
14.65± 0.671; RA 14.75± 0.550, P= 0.609) were comparable in both the
groups. Outcome variables were found comparable in both groups, an-
alysed as change in postoperative GCS (GA 14.00± 2.340; RA
14.75± 0.550; P= 0.171) (Fig. 1A), change in serum S-100B levels (GA
137.5± 368.15 ng/L, RA 66.82±277.34 ng/L; P= 0.508) (Fig. 1E and F).
Intraoperative hemodynamics such as incidence of hypotension, hypoxia
etc were also similar between the groups (Fig. 1B), however postoperative
in-hospital days were less in the RA group (13.70± 3.114) vs GA group
(18.10± 7.122; P= 0.016) (Fig. 1D) which also had higher incidence of
wound infection and postoperative ventilatory requirement (Fig. 1C).
Conclusion: The results of our study indicates that both techniques appear
similar in terms of neurological outcomes.
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[SNACC-530] Corelation Between Permissive Hypotension and
Cerebral Oxygen Saturation in Hypertensive Patients During
Trans-Sphenoidal Surgery
Bharti N, Vijay K. Post Graduate Institute of Medical Education and
Research, Chandigarh, Chandigarh, India.
Background: The trans-sphenoidal surgery (TSS) for excision of pituitary tu-
mours is usually performed under hypotensive anaesthesia to provide bloodless
surgical field. In chronic hypertensive patients due to shift of autoregulation
curve towards right, the risks for cerebral hypoperfusion increases with de-
crease in mean arterial pressure (MAP). Near infrared spectroscopy (NIRS)
provides a non-invasive means of monitoring cerebral tissue oxygenation and
thereby providing an estimation of cerebral blood flow.

Aim: This observational study was planned to find out the safety limits of
reduction in MAP during hypotensive anaesthesia in hypertensive pa-
tients undergoing TSS. The primary objective of the study was to cor-
relate the reduction in cerebral oxygen saturation (ScO2) with decrease in
MAP by using NIRS and the secondary objective was to assess the
postoperative cognitive dysfunction and other clinical complications of
hypotensive anesthesia in these patients.
Methods: Total 30 controlled hypertension patients undergoing elective
TSS were included. Anaesthesia was induced with propofol and fentanyl
and maintained with desflurane and vecuronium. Controlled hypotension
(25-30% reduction in MAP from baseline) was achieved by using dex-
medetomidine infusion. Heart rate, intra-arterial blood pressure, oxygen
saturation, end-tidal carbon-di-oxide and ScO2 were monitored

FIGURE 1.
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continuously. NIRS was used to record bilateral ScO2. A decrease in
absolute value of ScO2< 50 or ≥ 20% drop from baseline was considered
as significant.
Results: We observed that 11 out of 30 patients had ≥ 20% drop in ScO2.
A decrease in MAP≥ 28% from baseline was associated with significant
reduction in ScO2. Spearman correlation showed a significant correlation
between percentage decrease in MAP and maximum drop in ScO2
(rho= 0.6, P= < 0.001). The area under the curve (AUROC) for pre-
dicting ScO2 drop was 0.751 (95% CI: 0.571– 0.932, P= 0.025) demon-
strating fair diagnostic performance with positive predictive value of 62%
and negative predictive value of 82%. The incidence of drop in ScO2 was
also high in patients having longer duration of hypertension (≥ 60mo) or
LVH in ECG. Patients having > 20% reduction in ScO2 during anaes-
thesia had lower Mini Mental State Examination score (MMSE) during
immediate postoperative period as compared to other patients
(P= 0.045). The MMSE scores were comparable on 7th postoperative
day. None of the patient had poor cognitive function. No major clinical
complications like convulsions, renal failure or myocardial ischemia were
recorded during postoperative period.
Conclusion: In conclusion, the continuous monitoring of ScO2 not only
guides about the safe range of MAP reduction during hypotensive an-
esthesia in hypertensive patients undergoing TSS, this technique can also
assist in diagnosis of insufficient cerebral oxygenation and timely inter-
ventions to restore its normal values leading to improved treatment
outcomes, particularly the incidence of neurological complications and
postoperative cognitive dysfunction.
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[SNACC-531] Sedative and Hypnotic Effects of Alpha-2 Adre-
nergic Agonists Are Mediated by Adrenergic and Glutamatergic
Neural Populations
Jiang T, Kwasniewska P, McKinstry-Wu A. University of Pennsylvania,
Philadelphia, PA, USA.
Introduction: While numerous general anesthetics have been shown to
activate sleep-active regions of the brain1,2 α-2 adrenergic agonists
activate sleep-active circuits to exert their hypnotic effects3,4 with the
hypnosis they induce appearing similar to, and in some cases indis-
tinguishable from, NREM sleep.5 While downstream pathways of α-2
agonists has been characterized by others, including the link to tem-
perature regulation, the neuronal populations responsible for α-2 ag-
onist-induced sedation and hypnosis have not been fully elucidated.
Here, using a novel mouse line with a floxed Adra2a gene, we examine
cell-specific knockouts of the α2A adrenergic receptor to identify
populations responsible for for α-2 agonist-mediated sedation and
hypnosis.
Methods: We generated a mutant mouse line with LoxP sites flanking
Adra2a. We crossed it with lines encoding Cre recombinase under the
VGAT (GABAergic, n= 10) SNAP25 (pan-neuronal, n= 10) or
VGLUT2 (glutamatergic, n= 11) promoters as well as studying the floxed
parent line as control (n= 8.) We injected 6 other floxed mice bilaterally
at the locus coeruleus (LC) with 50 nl of AAV encoding CRE under the
TH promoter.
Mice were given IP dexmedetomidine (0.3 or 1 mg/kg) or saline, righting
reflex (RR) was assessed after 20 minutes, followed by 3x rotarod testing
on a 5-15 RPM ramp over 60s, recording distance traveled. Temperature
was recorded prior to and 20 minutes after injection.

Results: Floxed controls and VGAT-Cre crosses showed no significant
differences in our behavioral hypnotic measure (RR, Fig. 1),
temperature, or our behavioral sedation measure (rotarod distance,
Fig. 2). The SNAP25-Cre cross, our KO control, showed complete
resistance to all three endpoints in response to dexmedetomidine. Both
the VGLUT2-Cre cross and the TH-Cre viral transformation at LC mice
showed profound resistance to hypnosis, and while the VGLUT2-Cre
cross also showed partial resistance to sedation and change in
temperature, the TH-Cre LC mice behaved like controls with regards
to temperature and sedation.
Conclusions: Our results suggest that a glutamatergic neuronal pop-
ulation is primarily responsible for the sedative and temperature effects
mediated by the α2A adrenergic receptor, while both adrenergic LC
neurons and glutamatergic neurons are involved in α2A adrenergic re-
ceptor mediated hypnosis. Future studies will focus on identifying the
glutamatergic population responsible for sedation and its downstream
components.
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FIGURE 1.

FIGURE 2.
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[SNACC-532] Incidence of and Risk Factors for Early Perioper-
ative Neurocognitive Disorder of Mitral Valve Surgery
Ishida K*, Murakami S†, Morioka T‡, Yamashita S‡, Yamashita A‡,
Matsumoto M‡. *Kurashiki Central Hospital, Kurashiki, Okayama,
Japan; †Japan Community Healthcare Organization Tokuyama Central
Hospital, Shunan, Yamaguchi, Japan; ‡Yamaguchi University Graduate
School of Medicine, Ube, Yamaguchi, Japan.
Background: Perioperative neurocognitive disorder (PND) is one of the
serious neurological complications, leading to poor prognosis and low
quality of life. The incidence rate of and risk factors for PND of coronary
artery bypass grafting surgery have been well studied, whereas those of
heart valve surgery have not been, and furthermore, those of mitral valve
surgery alone have yet to be reported. This study was aimed to determine
the incidence of and risk factors for early PND of mitral valve surgery.
Methods: The study subjects consisted of 91 patients undergoing mitral
valve replacement or mitral valve plasty with or without a minimally
invasive procedure including the combined surgery of antiarrhythmic
surgery and/or tricuspid valve plasty and/or coronary artery bypass
grafting with cardiopulmonary bypass. Preoperative cerebral magnetic
resonance imaging was performed to evaluate ischemic cerebral disease
(cerebral infarction and white matter disease, Fig. 1A) using the Fazekas
scale. Preoperative computed tomography was performed to evaluate
arteriosclerosis of the ascending and arch aorta using 4 criteria (Severe:
calcification of the vessels ≥ 1/2 lumen and/or ≥ 3 cm long, Moderate:
calcification of the vessels 1/2–1/4 lumen and/or 2–3 cm long, Mild: cal-
cification of the vessels <1/4 lumen and/or <2 cm long, None: no calci-
fication, Fig. 1B). Mitral annular calcification was also evaluated using 4
criteria (Severe: entire circumference of the mitral valve, Moderate: both
cusps, Mild: only anterior or posterior cusp, None: no calcification,
Fig. 1C). General anesthesia was maintained with fentanyl, remifentanil,
midazolam, and isoflurane or propofol. After induction of anesthesia,
plaque score was calculated by cervical ultrasound, and transesophageal

echocardiography was performed to assess arteriosclerosis of the
descending aorta using Katz’s classification. Cardiopulmonary bypass
was established to withdraw blood from the superior and inferior vena
cavae and returning it into the ascending aorta or the femoral or brachial
artery (flow rate: 2.2 L/min/m2, target esophageal temperature 32 to 33
degrees). Mini-Mental State Examination, Digit Span, Digit Symbol, and
kana pick-out test were performed preoperatively and between
postoperative day 7 and 12. PND was defined as a 20% or more score
reduction in at least two of these tests. Postoperative delirium was
diagnosed using the delirium rating scale Japanese version. A comparison
was made between patients with and without PND. Statistical analysis
was performed using the Chi-squared test. The unpaired t test and the
Mann-Whitney U test were applied to the data with and without normal
distribution, respectively. Statistical significance was set at P< 0.05.
Results: Eleven patients (12%) developed PND. PND patients were older
and had higher rates of taking anxiolytic drugs preoperatively, arterio-
sclerosis of carotid vessels (plaque score ≥ 5), and mitral annular calci-
fication (≥mild) than non-PND patients (Table 1).
Discussion: In mitral valve surgery, elderly patients and patients taking
anxiolytic drugs preoperatively may be under the risk for developing
early PND. In addition, carotid arteriosclerosis and mitral annular cal-
cification may be risk factors for PND. These may contribute to peri-
operative impairing cerebral perfusion and/or emboli sources for the
brain. Manipulation in mitral valve surgery in the elderly should be
carefully done for avoiding PND.

[SNACC-533] Comparison of Effects of Propofol and Sevoflurane
on the Cerebral Vasculature Assessed by Digital Subtraction
Angiographic Parameters in Patients Treated for Ruptured
Cerebral Aneurysm: A Preliminary Study
Joys S, Panda N, Ahuja C, Bhagat H, Luthra A, Tripathi M, Mahajan S,
Kaloria N, Jain C, Singh N, Regmi S. Postgraduate Institute of Medical
Education and Research (PGIMER), Chandigarh, Chandigarh, India.
Background: Studies have evaluated the effects of volatile and intra-
venous anaesthetic agents on the cerebral vasculature with inconsistent
results. We used digital subtraction angiography to compare the effects of
propofol and sevoflurane on the luminal diameter of cerebral vessels and
on cerebral blood flow (CBF) in patients with aneurysmal subarachnoid
haemorrhage (aSAH).
Methods: A prospective randomized double-blind clinical trial was con-
ducted on adult patients with good grade aSAH (World Federation of
Neurological Surgeons’Grades 1,2/Modified Fisher grade 0-2), scheduled
for endovascular coil embolization. The patients were randomised to
receive either propofol (Group P) or sevoflurane (Group S) for induction
and maintenance of anesthesia. As primary outcome, the luminal dia-
meter of seven cerebral vessel segments [supraclinoid internal cerebral
artery (ICA), middle cerebral artery (MCA) M1 to M3 segment, anteriorFIGURE 1.

TABLE 1. Patients’ Background and Perioperative Factors
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cerebral artery (ACA) A1 to A3 segment] were measured separately on
the diseased and non-diseased sides of the brain. Cerebral transit time
(CTT) was also measured as a surrogate for CBF on both sides of the
brain. Measurements were made at three time-points: awake state, post-
induction of anaesthesia and post-coiling procedure.
Results: 18 patients were analysed, with 9 patients in each group. There
was no difference in baseline and intraoperative parameters between the
groups. Propofol increased the diameter in two vessel segments at post-
induction (M2,A1) and post-coiling (M1,A1), but only on the diseased
side (P< 0.05). Sevoflurane increased the diameter in three segments at
post-induction (ICA,A2,A3) and five segments at post-coiling (ICA,M1,
M2,M3,A1) on the diseased side and in three segments at post-coiling
(M1,M2,A2) on the non-diseased side (P< 0.05). However, CTT did not
change at post-coiling compared to awake state in both groups (Awake vs
Post-coiling: Group P diseased side- 3.67± 0.56 vs 3.56±0.46sec; Group
P non-diseased side-3.72± 0.57 vs 3.83± 0.75sec; Group S diseased side-
3.61± 0.55 vs 3.78± 0.91sec; Group S non-diseased side-3.75± 0.76 vs
4±0.71sec, P> 0.05). CTT was also comparable between the groups
(Group P vs Group S: Post-induction diseased side- 3.58±0.58 vs
4±0.79sec; Post-coiling diseased side-3.56±0.46 vs 3.78± 0.91sec; Post-
coiling non-diseased side-3.83±0.75 vs 4± 0.71sec, P> 0.05).
Conclusion: Propofol predominantly has no effect on cerebral vessel
diameter, while sevoflurane has vasodilating properties. However, CBF
was not affected by propofol or sevoflurane in good grade aSAH.
Moreover, the effects of propofol and sevoflurane on CBF was com-
parable.

[SNACC-534] Adaptive Mossy Cell Circuit Plasticity After Status
Epilepticus
Butler C, Westbrook G, Schnell E. Oregon Health and Science University,
Portland, OR, USA.
Introduction: Hilar mossy cells control network function in the hippo-
campus through both direct excitation and di-synaptic inhibition of
dentate granule cells (DGCs). Substantial mossy cell loss occurs after
brain injury, including traumatic brain injury and epileptic seizures;
however the contribution of surviving mossy cells to network activity in
the reorganized dentate gyrus is unknown.
Methods: Genetically modified B6N male mice were used in experiments,
beginning at 6-8 weeks of age. We used Calcitonin Receptor-Like Receptor
(Crlr)-Cre mice and Parvalbumin-IRES-Cre mice crossed with Rosa26-tdTo-
mato marker mice. To selectively label mossy cells in Crlr-Cre mice, we used
unilateral intrahippocampal injections of a Cre-dependent adeno-associated
virus (AAV) expressing an eYFP-tagged channelrhodopsin. As our strategy to
isolate mossy cell inputs onto parvalbumin-positive cells involved Cre-
expressing interneurons, we isolated mossy cell inputs in these mice by infecting
commissural (contralaterally-projecting) mossy cells in PV-Cre::tdTomato mice
with a non-Cre-dependent channelrhodopsin virus. Subsequently, we used pi-
locarpine to induce status epilepticus in mice, and examined functional circuit
changes 3-4 weeks later by optogenetically stimulating mossy cells in acute
hippocampal slices while recording from either DGCs in the outer third of the
granule cell layer or tdTomato-positive parvalbumin-positive cells.
Results: In control mice, activation of mossy cells produced monosynaptic
excitatory and di-synaptic GABAergic currents in DGCs. In pilocarpine-
treated mice, mossy cell density and excitation of DGCs were reduced in
parallel, with only a minimal reduction in feedforward inhibition, result-
ing in enhancement of the inhibition:excitation ratio. Surprisingly, mossy
cell-driven excitation of parvalbumin-positive basket cells, the primary
mediators of feed-forward inhibition, was maintained, indicating in-
creased connectivity between surviving mossy cells and these targets.
Conclusions: Our results suggest that mossy cell outputs reorganize fol-
lowing seizures, increasing their net inhibitory effect in the hippocampus.
The maintained inhibitory tone reflects adaptive circuit plasticity during
epileptogenesis, and suggests that residual mossy cell activity could have
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anti-seizure effects in epilepsy. Enhancement of this adaptive plasticity
could be a promising therapeutic strategy to increase inhibition of DGCs in
epilepsy, thus reducing dentate hyperexcitability and, hopefully, seizures.

[SNACC-535] Comparison of Stroke Volume Variation and Ple-
thysmography Variability Index in Guiding Goal Directed Fluid
Therapy in Patients Undergoing Elective Craniotomy for Supra-
tentorial Brain Tumours: An Equivalence Trial
Dey A, Swaminathan S. JIPMER, Pondicherry, Pondicherry, India.
Introduction: Fluid management in neurosurgical patients is challenging.
On one hand, they may be dehydrated due to poor oral intake, admin-
istration of hypertonic solutions and ongoing hemorrhagic losses all of
which require aggressive fluid therapy.1 On the other hand, overzealous
fluid resuscitation may worsen cerebral edema. Recent studies have proved
that dynamic parameters, maybe better suited to guide fluid administration
compared to static parameters.2,3 Our study was designed to compare two
dynamic predictors of fluid responsiveness – stroke volume variation (SVV),
derived from the arterial waveform and plethysmography variability index
(PVI), derived from the pulse oximetry waveform.
Materials and Methods: The study was designed as a RCT. ASA 1 and 2
patients, between 18-70 years of age, undergoing elective craniotomy for
supratentorial tumors were included. After obtaining informed written
consent, patients were randomized into two groups. SVV was used to guide
fluid therapy in one group and PVI in the other. Pre-induction arterial line
was secured in all patients and connected to a Vigileo cardiac output
monitor. SVV and PVI were measured in all the patients, but only one
parameter was used to guide fluid therapy, according to randomization.
Arterial blood gas analysis was done once in two hours intraoperatively and
24 hours after the surgery. Brain relaxation score (BRS) was assessed by the
surgeons at dural opening and closure on a 4-point scale.
Results: 37 participants were enrolled. The PVI group comprised 17 and
SVV group comprised 20 participants. Mean surgical time was comparable
in both the groups (P=0.11). Mean volume of fluids administered was
1.9±0.74 L in PVI vs 3.2±1.8 L in SVV group (P= 0.010). Serum lactate
levels decreased similarly, 24 hours post-op in both groups. The BRS at
dural opening and closure were comparable in both groups. SVV and PVI
exhibited a positive correlation at corresponding time intervals (r=0.546).
Conclusions: The total amount of intravenous fluid administered was
significantly greater in the SVV group. Serum creatinine, lactate and
brain relaxation scores were comparable between the two groups. SVV
and PVI showed a positive correlation.
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[SNACC-536] Reduced Delta Wave Power During Balanced An-
esthesia With Dexmedetomidine in Severe States of Cerebral
Amyloid Angiopathy
Ozturk B*, Pedram M*, Gursky Z*, Constantinou S*, Van Nostrand
W†, Benveniste H*. *Yale University, New Haven, Connecticut, United
States; †University of Rhode Island, Kingston, Rhode Island, United
States.
Introduction: Cerebral amyloid angiopathy (CAA) is the second most
common cerebral small vessel disease and contributes to cognitive
decline in the elderly. In CAA, fibrillar amyloid beta (Aβ) is deposited
along capillaries (Type 1) or larger vessel walls (Type 2). There is a
gap in knowledge of the effect of general anesthesia on EEG-defined
brain states in CAA. Here, we studied the effects of pre-selected
combinations of anesthesia with isoflurane (ISO) and dexmedetomi-
dine (DEX) on the EEG of a CAA type 1 transgenic rat (rTg-DI)
model, which mimics the clinical condition.1 Specifically, at
9-12 months of age (M), rTg-DI rats develop microvascular Aβ
deposition and thalamic microhemorrhages, which are associated
with severe cognitive deficits.
Methods:Under general anesthesia with isoflurane, 12M old male rTg-DI
rats (N= 6) and control (WT) rats (N= 6) were implanted with two
cortical (somatosensory) and one cerebellar (ground) epidural electrodes
and connected to a wireless transmitter (rodentPACK, Emka Tech-
nologies). After implantation, the anesthetic regimen was altered every
20 minutes (Fig. 1A). Fast Fourier Transform of EEG signals
(ecgAUTO, Emka Technologies) from the second half of each
anesthesia period were used for analysis. Statistical analyses of the %
power of each frequency were performed using a mixed ANOVA design,
with strain (WT vs rTg-DI) as the between-subjects variable and
anesthetic as the within-subjects variable. To further characterize the
brain states, data from both channels were subjected to a principal
component analysis (PCA).
Results: No significant differences in physiological variables were ob-
served. The spectrograms showed lower power in the delta band during
balanced anesthesia with ISO+DEX in rTg-DI compared to WT rats
(Fig. 1B). The statistical analysis confirmed this observation, revealing a
significant ∼20% decrease in %delta power in rTg-DI rats compared to
WT rats during balanced anesthesia (1% ISO+DEX and 0.8% ISO
+DEX) (Fig. 2A). The first principal component (F1) explained more
than 60% of the data’s variance for the brain state during anesthesia with
0.8% ISO+DEX and correlated most strongly with %delta power
(Fig. 2B).
Conclusions: Our data revealed that brain states during balanced anes-
thesia in CAA are characterized by reduced %delta power compared to
WT controls. These results imply that potential beneficial effects of DEX
(e.g. curbing of post-operative delirium) may be blunted in CAA.

FIGURE 1. A, Timeline depicting changes in anesthetic regi-
ments. B, A comparison of EEG spectrograms of a WT and rTg-
DI rat throughout this timeline.
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[SNACC-537] Single Stage Carotid Artery Endarterectomy and
Intracranial Aneurysm Pipeline Flow Diverting Stent: Anesthetic
Considerations
Mendoza Vasquez L, Banik S. Department of Anesthesiology and Peri-
operative Medicine, London Health Sciences Center, Schulich School of
Medicine and Dentistry, Western University, London, Canada, London,
ON, Canada.
Introduction: The coexistence of a cerebral aneurysm and ipsilateral
cervical internal carotid artery (ICA) stenosis poses challenges and con-
trasting goals of anesthetic management. A balance between the risks of
cerebral ischemia, stroke, and aneurysm rupture is the main hurdle.
Case Report: A 72-year-old woman admitted to our institution with se-
vere carotid stenosis and an ipsilateral complex periophthalmic aneur-
ysm. Cerebral angiography evidenced a 70% stenosis in the right ICA
cavernous segment, bilateral carotid siphon calcified atherosclerosis, and
a 15mm wide neck unruptured right supraclinoid aneurysm. From the
clinical picture, a decision was made for an elective combined carotid
endarterectomy (CEA) with a Flow-diverting pipeline stent (FDpS) in-
sertion through the neck incision in a single sitting. Along with standard
monitors and an invasive arterial line, we applied density spectral array
with patient state index monitoring and bilateral frontal cerebral oxi-
metry recording. We kept perfusion pressures toward the baseline higher
side (Systolic pressure > 140mm Hg) until the CEA was complete, fol-
lowing which perfusion pressures could come back to 100-140mm Hg
during the FDpS procedure. The surgical team completed the procedure
without complications, and the patient was extubated and moved to the
postanesthetic care unit, where she recovered uneventfully.
Discussion: The anesthesiologist needs to balance the likelihood of is-
chemia from a reduction in cerebral perfusion, the probability of stroke
from an endovascular device crossing a stenotic artery, and the risk of
aneurysmal rupture from an increase in the transmural pressure. Un-
derstanding the surgical plan is a high-yield step. The FDpS have revo-
lutionized the endovascular management of aneurysms; however, it
carries a higher risk of thromboembolic complications.1 In this case, the
risk of aneurysm rupture with higher perfusion pressures was lower than
the risk of cerebral ischemia; for this, we opted to keep the mean arterial
blood pressure > 140mm Hg initially. We discussed the option of doing a
mixed awake-asleep anesthetic technique; however, after discussion with
the surgical team, the decision to administer a general anesthetic from
the start. During CEA, many physicians support increasing the

intraoperative blood pressure to maintain the cerebral blood flow in
hypoperfused areas. Conversely, during an FDpS procedure, to prevent
ischemic events and reduce the risk of aneurysm rupture.
Conclusion: This case report describes the unusual, single-stage proce-
dures for a complex aneurysm with carotid stenosis. The anesthetic goals
represent varying objectives; therefore, treatment should be in-
dividualized. Maintaining adequate cerebral perfusion during the CEA
and allowing it to reduce to <140 mm Hg during FDpS was found to be
helpful in our patient. Future studies are indicated to provide guidance
for patients undergoing combined neurosurgical procedures.
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[SNACC-539] Evaluation of the Changes in Middle Cerebral
Artery Flow Velocity Using Transcranial Doppler Related to
Various Positions of Patients During Posterior Fossa Surgery
Chauhan R, Varadharajan R, Bharti N, Luthra A. PGIMER Chandi-
garh, Chandigarh, Chandigarh, India.
Background: The posterior fossa can be done in various positions in-
cluding sitting position, supine with lateral head tilt, prone, lateral, three
quarter prone and park-bench position.1 The final position for surgery is
determined by the location of the pathology considering various risks and
benefits. The complications resulted in delayed recovery, need for post-
operative mechanical ventilation and poor outcome of the patients.
Transcranial Doppler (TCD) has emerged as a non-invasive means of
obtaining information about cerebral hemodynamics.2 It can be used to
measure the cerebral blood flow, the Pulsatility index is a measure of
distal resistance and the cerebral perfusion pressure.
Methods: A prospective observational study was conducted on 60 pa-
tients undergoing posterior fossa surgery in various positions. All patients
were induced with fentanyl, propofol and vecuronium. Anaesthesia was
maintained with Isoflurane with O2 and N2O. Ventilator settings
were adjusted to maintain end tidal Carbon-di-oxide (EtCO2) between
30-35 mm Hg.
TCD with combined color flow and power Doppler was done at the
following time points, through the trans-temporal window.
The following parameters were recorded:
i) Systolic flow velocity, Diastolic flow velocity and mean flow velocity of
the middle cerebral arteries of both sides.

ii) Pulsatility and resistivity indices.
Results: The mean flow velocity values in both groups were within normal
limits between 35 and 90cm/sec at all time points. Comparing the prone
and supine with head tilt groups the mean flow velocities were sig-
nificantly higher in the patients of supine with head tilt group post po-
sitioning and post repositioning (P< 0.05). In the prone group, as
compared to baseline values there was a significant decrease in MFV at
post induction, post positioning and post repositioning (P< 0.05). In the

FIGURE 2. A, Temporal transitional changes in % delta power
(0.5-4 Hz) during the pre-selected anesthetic regimens. *P-val-
ue=0.036; **P-value=0.022. B, PCA biplot showing both PC
scores of samples (WT vs. rTg-DI rats, blue and gray dots, re-
spectively) and loadings of variables (vectors i.e., %power of
each frequency). Each dot represents a 2-minute epoch.

FIGURE 1. Mean flow velocity (mean± standard devitation).
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supine with head tilt group, there was a significant fall from baseline
values at postinduction (P< 0.05), but no significant change post posi-
tioning and post repositioning (Fig. 1). In both groups the effective
cerebral perfusion pressures (eCPP) were normal and were comparable at
baseline, post induction and post positioning. It was normal but
significantly lower in supine with head tilt group than the prone group
after repositioning (P< 0.05). In the prone group as compared to
baseline, there was a significant fall in effective CPP post induction
(P< 0.01). The post positioning and post repositioning values were
similar to baseline values. When compared to postinduction values, there
was a significant increase in the eCPP values both at post positioning and
post repositioning (P< 0.01) (Fig. 2). The pulsatility indices and the
resistivity indices were within normal limits and there was no side to side
difference implying normal cerebral vascular properties.
Conclusions: The systolic and mean flow velocities were higher in the
supine with head tilt group than the prone group after positioning and
post repositioning, but these values were within normal limits. Also, these
changes did not affect the effective cerebral perfusion pressure or the
outcomes of the patients.

[SNACC-540] Telescoping Nasal Intubation Technique for
Carotid Endarterectomy: A Case Series
McDowell B, Sharma S. Penn State Health, Hershey, PA, USA.
Introduction: Nasotracheal intubations are not first-line for carotid en-
darterectomy. Epistaxis is a feared complication of nasal intubation,
occurring in up to 80% of patients. It can be particularly problematic in
heparinized carotid endarterectomy patients who are also on preoperative
dual antiplatelet therapy. However, nasal intubations may improve sur-
gical exposure and access to highly cranial or rostral carotid bifurcations
(at the level of C2)1 by permitting the mouth to be closed during surgery.
A telescoping technique with a red rubber catheter has been previously
reported for nasotracheal intubation and shown to reduce epistaxis.2 This
technique has not been described in patients receiving intraoperative
therapeutic anticoagulation.
Methods: Electronic medical records of all patients undergoing carotid
endarterectomy with telescoping nasotracheal intubation at a single in-
stitution were reviewed. Information was collected from the airway
management sections of the anesthesia record. Datapoints collected in-
cluded number of intubation attempts, adjunct measures to reduce epis-
taxis, and complications related to intubation, specifically evidence of
bleeding at any point during the case or at extubation. The telescoping
technique entails loading a red rubber catheter over the distal end of a
nasal endotracheal tube (ETT) (replicated in image 1), passing the lu-
bricated catheter through the nare, and then disconnecting and removing
the catheter from the ETT orally (image 2) prior to directing the ETT
through the vocal cords.
Results: From June 2012-April 2021, four patients undergoing nasal in-
tubation using a telescoping technique were identified from the carotid
endarterectomy database. All patients were on dual antiplatelet therapy
preoperatively. Intranasal oxymetazoline or phenylephrine 0.25% were
utilized in two patients. Intubation was successful in one attempt in all

patients and none of the patients had clinically significant bleeding. No
other complications related to nasal intubation were noted.
Conclusion: This case highlights the benefits of not only nasotracheal
intubation for improved surgical exposure to the carotid bifurcation as
described elsewhere, but also the avoidance of mucosal trauma and
epistaxis in high-risk patients by utilizing the telescoping technique to
nasotracheal intubation.
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[SNACC-541] Two Years of ICPNT Accreditation: Where Are
We Now?
Luoma V*, Kofke A†, Rajan S‡, Ferrario L§. *UCLH NHS Foundation
Trust, London, UK; †University of Pennsylvania, Philadelphia, PA, USA;
‡Allegheny General Hospital, Pittsburgh, PA, USA; §University of Texas
McGovern Medical School, Houston, Texas, USA.
Background: The International Council on Perioperative Neuroscience
Training (ICPNT) was established in 2018 to peer-review and accredit
global neuroanesthesiology fellowship programs. The education

FIGURE 2. Effective cerebral perfusion pressure (mean± standard
devitation).
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requirements were developed from existing fellowship programs to ensure
acceptability to the global neuroanesthesiology community.1 Three pilot
programs were accredited in July 2019. Our aim was to review the de-
velopments in ICPNT accreditation over the last 2-years.
Methods: Retrospective review of ICPNT records (2019-2021) to: (i) es-
tablish current status of ICPNT, (ii) identify changes made to the ac-
creditation process and (iii) challenges to development. Programs were
surveyed to report their numbers of fellows.
Results: 22 neuroanesthesiology programs have successfully undergone
peer-reviewed accreditation through ICPNT; 59% (13) located in the
USA. No program accredited with an outcome for review after 1-year, 5
for 3-years and 17 for 5-years. 12 (55%) programs provided fellow activity
information. Of those reporting, to date, 20 neuroanesthesiologists have
completed an ICPNT-accredited fellowship program at 6 institutions in 4
countries. At least 9 anesthesiologists are registered to start fellowships in
the next year and 15 currently in a fellowship program. 1 program re-
ported the COVID-19 pandemic has impacted recruitment.
ICPNT program requirements, charter, and assessment procedures undergo
continuous scrutiny and revision as needed to incorporate global differences
in education and training as well as clinical service provision. Key chal-
lenges have included: (i) infrastructure development in terms of software; (ii)
development of competence and procedures in program accreditation and
re-accreditation and (iii) tracking fellow enrollment and experience.
The Neuroanaesthesia Program Relations (NPR) committee was estab-
lished in 2019 to provide an educational platform and increase ICPNT
program outreach. This network also enabled an international survey of
the impact of COVID-19 pandemic on neuroanesthesia fellowship
training.2 Other initiatives include a submitted peer reviewed review on
neuroanesthesia training, evaluation of accreditation procedures by other
oversight organizations, and development of a question bank to assist
fellow evaluation by program directors.
Discussion: ICPNT is established as a global accrediting body for neu-
roanesthesiology with a diverse network of fellowship programs. The
road map to the future will focus on developing the educational network,
improving ICPNT procedures and software, and promoting fellow in-
volvement within ICPNT.
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[SNACC-542] Visual Evoked Potentials Breakdown Under Anesthesia
Aggarwal A, Brennan C, Contreras D, Kelz M, Proekt A. University of
Pennsylvania, Saratoga, CA, United States.
How general anesthetics block sensory perception remains a mystery. It
was once thought that anesthetics impede information flow from the
thalamus into the cortex. However, evoked responses are readily recorded
from primary sensory cortices under anesthesia. This suggests that anes-
thetics block perception by disrupting the interactions among primary and
higher order cortical networks. Here, we investigated two interrelated
questions: (1) How do anesthetics affect these long range interactions in
the cortex? and (2) Are these long range interactions involved in pro-
cessing sensory stimuli? To answer these questions, we recorded responses
to visual stimuli in mice using high density electrocorticography that
densely samples electrical activity from large areas of the cortex in mice
that are awake (n= 9) and under anesthesia induced with mechanistically
distinct agents (isoflurane, n= 18, propofol, n= 7, and ketamine, n= 6).
We find that there is much trial-to-trial and animal-to-animal variability
in visual evoked potentials (VEPs). However there is consistently an early
(< 250msec) visual-evoked gamma band oscillation (20-60Hz), which
organizes into standing, traveling and rotational waves that cover large
swaths of cortical surface. If these visual evoked gamma waves are in-
tegral for stimulus processing, we would expect that these waves are (1)
detectable in primary visual cortex (V1) and higher order cortices, (2)
reliably elicited from trial to trial, (3) have high signal to noise ratio and
(4) have a consistent pattern of cortical activation from trial to trial.
Under propofol, the spatial coherence of long range gamma oscillations is
greatly attenuated, consistent with the notion that anesthetics disrupt
long range interactions. Remarkably, under isoflurane and ketamine

anesthesia, visually evoked gamma oscillations were present in secondary
visual areas, and association areas. Moreover, coherent gamma oscil-
lations spread over even larger areas of the cortex when the same animals
were awake. While under isoflurane and in the awake state, visual stim-
ulus reliably evokes coherent gamma waves in the majority of trials, under
ketamine and propofol, there are a large number of trials that do not have
visual evoked gamma waves. Furthermore, when awake or under iso-
flurane, visual evoked gamma waves have high signal to noise ratio, rel-
ative to ketamine and propofol. Finally, the spatial activation pattern
evoked by the visual stimulus is consistent from trial to trial in the awake
state compared to all three anesthetics studied. The velocities of visual
evoked gamma waves are 0.05–0.55m/s, which corresponds to axonal
conduction speeds of the unmyelinated horizontal fibers in layer 2/3. Our
analysis of laminar probes places in V1 and posterior parietal cortex
(PPA) also demonstrates high gamma phase coherence under all condition
in the supragranular layers. Our results show that long range coordinated
visual evoked gamma waves are not universally disrupted by anesthetics.
However, only when animals are awake and therefore have the ability to
perceive the stimulus, do visual evoked gamma waves meet all four cri-
teria necessary for these responses to be important for processing visual
stimuli into visual perception.

[SNACC-543] Acute Post-operative Hemorrhage Leading to
Respiratory Arrest: Could Long-term COVID Morbidities Have
Played a Role?
Chisti A, Vincent A, Heinz E, Chow J. George Washington University,
Washington, DC, USA.
Introduction: COVID-19 is a global health crisis, and coagulopathy and
major thrombotic events are sequelae of this infection, but the mecha-
nisms are not fully understood. The role for anticoagulation and anti-
platelet therapies is still being studied.
Case: A 67-year-old African American female with obstructive sleep
apnea on BiPAP, well-controlled hypertension (HTN) and COVID-19
two months prior, now with a negative COVID-19 PCR test, presented
for an elective anterior cervical discectomy and fusion. Intraoperative
course was uneventful, but post-operative course was complicated by
cardiopulmonary arrest due to neck hematoma, which was evacuated and
washed out. CPR and ACLS were immediately started and return of
spontaneous circulation was achieved promptly. Despite swift action, her
post-operative neurological exam was poor. She underwent therapeutic
temperature management for 24 hours, but her exam remained poor
72 hours later. Brain imaging showed no change from prior. Video EEG
was suggestive of moderate diffuse encephalopathy, often seen in post-
anoxic brain injury. On post-op day 16, she was discharged to a long-
term care facility after tracheostomy and gastrostomy placement.
Discussion: Our case illustrates possible long-term neurological hyper-
coagulability risks of COVID-19. Patients in similar clinical circumstances, in
which CPR and ACLS are promptly provided and ROSC is achieved in a
short time, often make a full neurological recovery. This patient suffered an
unfortunate outcome, with possible contributions of hypercoagulability from
long-term effects of COVID-19 infection. Many sequelae of COVID-19 co-
agulation dysfunction have been described, including large vessel occlusions,
adverse ischemia due to prothrombotic, proinflammatory environments,
medium-vessel vasculitis and complement-mediated inflammation.
COVID-19’s severity is also unpredictable. It varies with comorbidities
such as HTN, diabetes, obesity and cardiovascular disease. Our patient
had mild symptoms of HTN, but brain imaging showed evidence of
chronic microvascular ischemia. Certain ethnic populations are dis-
proportionately affected, including African Americans, which may have
contributed to the outcome in this case.
Summary: Further research is indicated to understand coagulopathies
involved in COVID-19. Remote infection with COVID-19 may have
long-lasting consequences, which may only be revealed after further in-
sult. Surgeons and anesthesiologists should be vigilant in patients with
remote history of COVID-19 infection.
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[SNACC-544] Sitting Craniotomy for Posterior Fossa Tumor
Excision: A Case Series
Agee W, McLawhorn M, Mathews L, Easdown L, Morone P. Vanderbilt
University Medical Center, Goodlettsville, Tennessee, United States.
Neurosurgical procedures involving resection of posterior fossa tumors
can be performed in the sitting, lateral, park bench or prone position.
Approximately 50% of neurosurgery practices utilize the sitting position
in the USA, this is likely due to perceived increased risk and malpractice
liability.1,2 Advantages of performing craniotomy in the sitting position
include optimal surgical exposure reducing the need for retraction and
damage to the surrounding structures and access to the airway, and de-
creased blood loss due to improved venous drainage. Disadvantages in-
clude hypotension, bradycardia, cardiac arrest, paradoxical air
embolism, and the most feared complication venous air embolism. Our
goal was to review anesthetic management and intraoperative compli-
cations during sitting craniotomies performed at our institution from
October 25, 2019, through March 2, 2021.
Five patients with posterior fossa tumors underwent sitting craniotomy
during this time. Ages ranged from 23 to 57 years old, four of five patients
presented with pineal tumors, the fifth presented with a metastatic central
cerebellar lesion. All patients underwent general endotracheal anesthesia
with placement of an arterial line and central venous catheter, placement
of a lumbar drain by the surgical team, and either TTE or TEE was
performed to evaluate for the presence of a patent foramen ovale. Pre-
cordial doppler was applied for venous air embolism (VAE) detection.
Intraoperatively, no instances of VAE were detected and no surgical
complications were reported. Four of the five patients required vaso-
pressor infusions to maintain mean arterial pressure greater than 65
mmHg. All patients were successfully extubated at the conclusion of
surgery and recovered in the neurological ICU. Postoperatively, out-
comes were good with the most common sequalae noted being gaze palsy
which resolved in four of the five patients. One patient was noted to have
extensive pneumocephalus on postoperative MRI; however, no inter-
vention was needed.
Performing craniotomies in the sitting position is a safe option for re-
section of posterior fossa tumors. There is increased risk of VAE in this
position however recent studies have shown that clinically significant
VAE occurs 1.1% of the time.3 Patients should be appropriately screened
with TTE or TEE for PFO which could lead to worse outcomes if VAE
occurs intraoperatively. In appropriate circumstances sitting craniotomy
remains a safe choice for surgical access with good outcomes.
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[SNACC-546] Changes in Regional Cerebral Oxygen Saturation
(Rso2) Following Surgical Revascularization in Moyamoya Disease
Seshan J, Rath G, Mahajan C. AIIMS, New Delhi, New Delhi, India.
Background: Monitoring of changes in cerebral perfusion after surgical
vascularization is an important aspect of postoperative monitoring in
moyamoya disease. Such changes have been quantified previously using

imaging techniques but none with continuous monitoring. We
hypothesized that improvement in cerebral perfusion secondary to sur-
gical revascularization will reflect in regional cerebral oxygen saturation
(rSO2) using near infrared spectroscopy (NIRS).
Materials and Methods: This prospective observational study was de-
signed to monitor rSO2 from both cerebral hemispheres upto 24 hours
after surgery. Our primary objective was to assess the changes observed
during this period in comparison with preoperative baseline. The sec-
ondary objectives were to determine the variations in rSO2 with different
surgical techniques, utility of NIRS as a predictor of postoperative
complications, and long-term clinical outcomes.
Results: Twenty (20) patients (24 hemispheres) underwent surgery for
moyamoya disease in the study period beginning May 2019. Mean
baseline rSO2 was 74.8± 6.9 and 75.3± 9.6 in left and right cerebral
hemispheres, respectively. Seventeen patients underwent both direct
[Superficial temporal artery-Middle Cerebral artery (STA-MCA)] and
indirect [Encephalodural Arteriomyo Synangiosis (EDAMS)] bypass
surgeries; 7 underwent only EDAMS. Significant changes in rSO2 (14-
20% from baseline) were observed in the operated hemisphere in patients
who underwent STA-MCA bypass throughout the monitoring period
(P< 0.05). Sudden drop in rSO2 values were observed in one patient in
the immediate postoperative period which served as a predictor of stroke
and lead to poor clinical outcome [modified Rankin scale (mRS) 4]. All
other patients in the study had good clinical outcomes measured at
30 days after surgery (mRS 0-2). The changes in rSO2 did not correlate
with oxygenation (pO2), ventilation (pCO2), hemodynamic parameters
(heart rate and mean arterial pressure) or hematocrit which were main-
tained within normal ranges throughout the perioperative period.
Conclusion: Mean baseline rSO2 values observed were within the normal
range of general population. The increase in rSO2 observed postoperatively
may be attributed to improvement of cerebral perfusion. NIRS may be
useful as a continuous monitoring method which provides an indirect es-
timate of change in cerebral perfusion occurring in the postoperative period
and may also be used as a predictor of complications.
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[SNACC-548] Ketamine Dissociation Triggers a Universal Switch
in Excitatory Neuronal Activity Across Neocortex
Kelz M, Wasilczuk. Penn Medicine, Philadelphia, PA, United States.
A single subanesthetic dose of ketamine produces robust and durable
improvements in diverse, treatment-resistant neuropsychiatric disorders.
Dissociative experiences elicited by ketamine is a powerful predictor of
clinical response. The neuronal mechanisms underlying the dissociative
experience, however, remain unknown. By performing calcium imaging in
mouse neocortex, we found that ketamine-induced dissociative state is
accompanied by a switch in the cortical networks – active neurons become
suppressed while previously silent neurons become activated. This switch
is universal of pyramidal neurons across all cortical layers and different
cortical areas. Direct cortical application of ketamine mimics the switch
induced by systemic ketamine and recapitulates behavioral features of the
dissociative state, suggesting a primarily neocortical phenomenon.
Through an investigation of circuit elements and biophysical properties,
we identify vasoactive intestinal polypeptide-expressing interneuron ac-
tivity and NMDA receptor and HCN1 channel inhibition as key pro-
moters of a neuronal switch. These experiments reveal two non-
overlapping distributed neuronal populations in the neocortex: one
engaged in wakefulness/sensory processing, the other underlying the dis-
sociative state. Identification of these network changes may lay the
groundwork for understanding ketamine’s therapeutic efficacy.
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