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Clinical Outcome and Safety of Cerebrolysin® For
Neurological Recovery after Traumatic Brain Injury and Stroke

Panu Boontoterm, MD"’

' Department of Neurosurgery, Phramongkutklao Hospital

Abstract

Background: Traumatic brain injury and stroke lead to a brain dysfunction and complex neurological
sequelae despite aggressive surgical intervention and secondary brain injury prevention. However, alternative
neuromodulation therapies can be a potential modality. Cerebrolysin is the drug which contains peptides
derived from the brain of a pig that has potential neuroprotective properties and may help to protect and
repair brain cells.

Objective: To compare the efficacy and safety of Cerebrolysin with usual care.

Methods: Randomized single blind study from December 2016 to May 2022. 68 Subjects including all
the adult patients with severe disability (GOS of 2 and 3) after trauma or stroke. Patients were classified
to receive cerebrolysin (n=32) and usual care (n=36). Cerebrolysin was administered intravenously in 30
mL dosage daily for 21 days. The 6-month NIHSS, Barthel Index and modified Rankin Scale were recorded.
The outcome scales, safety and complications were compared between two study groups.

Results: Baseline characteristics were comparable between two groups. We found that NIHSS and
modified Rankin Scale were significantly lower in those receiving cerebrolysin [6.40 £ 2.13 vs 10.02 £ 3.75
(p=0.013) and 2.34 + 0.11 vs 3.2 + 0.46 (p=0.048)] and Barthel Index was significantly higher in
those receiving cerebrolysin [77.23 £+ 11.71 vs 68.82 £ 9.63 (p = 0.025)]. Cerebrolysin administration
was associated with lower mortality rate, and no significant in seizure, cardiovascular complication, recurrent
ischemic stroke and intracerebral hemorrhage.

Conclusion: Cerebrolysin administration is associated with improved functional neurorecovery and

increased favorable outcome.

Keywords: Cerebrolysin, Functional neurorecovery, Severe Disability, Traumatic brain injury
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Introduction

Traumatic brain injury and stroke can lead to
hypoxic—ischemic encephalopathy (HIE)', a brain
dysfunction due to oxygen deprivation with a complex
neurological sequela. The pathophysiology of HIE is
not entirely understood, with surgical intervention and
secondary brain injury prevention being the standard
treatment with only limited value. However, alterna-
tive neuroprotective therapies can be a potential
treatment modality. Cerebrolysin2 is the drug which
contains peptides derived from the brain of a pig
that has potential neuroprotective properties. Some
of the proteins in Cerebrolysin are found naturally in
the human brain and may help to protect and repair
brain cells. It is widely used in the treatment of acute
ischemic stroke and used in neurological practice
for recovery of stroke patients and treatment of
dementia’. Despite the evidence-basis® and some
experimental studies®, the distinct mechanisms of
pharmacological action of this drug was active pep-
tide fragments of nerve growth factor, enkephalins,
orexin, halanin. The results of current clinical and
experimental studies®”’ of cerebrolysin have been
compared. The activity of above-mentioned neu-
ropeptides explain experimental and clinical details
of all known effects (neurotrophic, neuroprotective
and immunomodulating) of cerebrolysin in ischemic
and neurodegenerative CNS injuries® '*. Cerebrolysin
has up to 6 month treatment window post-ischemic
insult. TBI is one of the risk factors in developing
cognitive impairment at a later stage and induces
breakdown of the blood-brain barrier (BBB) to serum
proteins into the brain and leads to extravasation of
plasma amyloid beta peptide (ABP) into the brain

fluid compartments causing brain pathology. In this

study, we used Cerebrolysin (Ever NeuroPharma,
Austria) is a neurotrophic nerve growth factors and
active peptide fragments in exploring its effects on
alterations in key excitatory (Glutamate, Aspartate)
and inhibitory (GABA, Glycine) amino acids in the
CNS in relation brain pathology in dose and time-
dependent manner. In severe traumatic brain injury
(TBI) patients with nonoperative lesions are known
to have a poorer prognosis. Recent and ongoing
clinical studies5 have been exploring the utility of
Cerebrolysin in improving patient outcomes among TBI
patients. Compared to the control group, a significantly
higher proportion of patients who received Cerebro-
lysin treatment achieved a favourable outcome at
Day 21 post-TBI. The mean length of hospital stay
was approximately seven days shorter in the Cere-
brolysin group. Neurotrophic nerve growth factors are
the most important endogenous molecules involved
in brain protection and recovery®?. The objective of
this study was to compare the clinical safety and
efficacy of Cerebrolysin with usual care in patients
after traumatic brain injury and both acute ischemic

and hemorrhagic stroke.

Materials and Methods

Randomized interventional prospective cohort
study from December 2016 to May 2022. 68
Subjects including all the adult patients with severe
disability (GOS of 2 and 3) after trauma or stroke.
Randomization and treatment with the trial medica-
tion initiated within 12 hours after trauma or stroke
onset. Signed informed consent was obtained from
the patient or the patient’s legally accepted repre-
sentative. For randomization which patients received

cerebrolysin or usual care, we used block of four
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376 eligible patients were assessed

41 were intolerance or contraindication to Cerebrolysin

67 had refused to study
53 were pre-existing systemic disease
significantly limiting life expectancy
48 were concomitant treatment with
other neuroprotective or no-otropic drugs

17 were neurological signs resolve
completely within 24 hours
13 were septic shock and interrupted by futility
8 were dead with severe congestive heart failure
or acute myocardial infarction

129 cases were randomized

58 were treated with cerebrolysin

71 were treated with usual care

58 received interventions as assigned

71 received interventions as assigned

26 lost to follow-up in the primary

35 lost to follow-up in the primary

32 patients with cerebrolysin
group were included in the primary
outcome analysis

36 patients usual care group
were included in the primary
outcome analysis

Figure 1 Flow chart of patient enroliment and analysis in this study

method by randomize 1:1 ratio by variables block size
and used computer-generated sequence and alloca-
tion, single blind by opaque envelopes (concealed
with opaque envelopes), patients were classified to
receive cerebrolysin (n = 32) and usual care (n =
36). Cerebrolysin was administered intravenously
in 30 mL dosage daily for 21 days. The 6-month
NIHSS, Barthel Index and modified Rankin Scale were
recorded. The outcome scales, safety and compli-
cations were compared between two study groups.

with approval by the institutional ethics committee.

Consecutive patients with age > 18 years having focal
neurological deficits presenting with magnetic reso-
nance imaging (MRI) brain or computed tomography
(CT) head suggestive of

MCA territory AIS presenting within 24 hour of
symptom onset, National Institute of Health Stroke
Scale (NIHSS) score of >4 and with a modified Rankin
Scale (mRS) score of O or 1 before the stroke were
included in this study. Patients with hemorrhagic
stroke, brainstem and cerebellar strokes, transient

ischemic attacks, brain tumor, demyelinating dis-
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eases, inflammatory diseases, craniotomies, trau-
matic brain injuries, hepatic failure, congestive heart
failure, acute myocardial infarction, pregnancy and
lactation, systemic malignancy, acute or chronic renal
failure, and known allergy to above group of drugs/
tetracycline group of drugs were excluded from the
study.Primary study endpoints were 6 month in an

a priori-ordered sequence of hypotheses (ﬁxed se-

quence of multidimensional endpoints). A follow-up
assessment was performed at this period. The study
duration for each patient was scheduled for 6 month.
The study was performed in the Phramongkutklao
hospital, with a planned total of 68 participating.

Enrollment criteria were designed to recruit patients

after TBI, hemorrhagic and ischemic stroke.

Baseline characteristics between two groups of patients

Table 1 Baseline characteristics comparison between two

patient groups.

Variables Cerebrolysin (n=32) Usual care (n=36) p-value
Male, n (%) 14 (43.8) 16 (44) 1.0
Age (yr) 7012 62+ 15 0.16
BMI (kg/m2) 22.7+3.4 22.0+ 2.1 0.58
Coexisting diseases, n (%)

HT 13 (40.6) 16 (44.4) 0.480
DLP 8 (25) 10 (27.8) 0.751
DM 8 (25) 10 (27.8) 0.751
CKD 2 (6.3) 3(8.3) 0.65
chronic liver disease 2 (6.3) 3(8.3) 0.65
CAD 2 (6.3) 1 (2.8) 0.106
Smoking 8 (25) 10 (27.8) 0.751
Alcohol 2 (6.3) 3(8.3) 0.65
Thrombolysis treatment 2 (6.3) 3(8.3) 0.65
ASPECTS score (median) 5 6 0.63
NIHSS score 13.1 +4.59 14.15 £ 5.30 0.8

APACHE Il Score 12.7 £ 1.95 12.65 £ 2.23 0.940
Time until admission (hr) 11.59 + 3.25 11.81 + 3.301 0.381
Time until treatment (hr) 13.1£4.10 13.30  4.95 0.741
Dominant lobe 16 (50) 18 (50) 1

Bl score 31 +2.93 37.5+2.25 0.56
mRS score 3.75 +0.29 4.5 +0.27 0.15
Survival at hospital admission 16 (80) 13 (65) 0.480
Pulmonary complication 2 (10) 1(5) 0.231
Seizure complication 11 (34.4) 13 (36.1) 0.598
Cardiovascular complication 7 (21.9) 9 (25) 0.559
Recurrent ischemic stroke 2 (6.3) 3(8.3) 0.64
Recurrent intracerebral hemorrhage 1 (5) 3(8.3) 0.3

Means days in neuro intensive care unit 5 6 0.63

Value presented as mean £ SD. orn (%) P-value corresponds to Independent-t test and Fisher’s exact test. Abbreviations: ASPECTS, Alberta
Stroke Program Early CT score; Bl, Barthel Index; DM, diabetes mellitus; HTN, hypertension; IHD, ischemic heart disease; MCA, middle cerebral
artery; mRS, modified Rankin Scale; NIHSS, National Institute of Health Stroke Scale; SD, standard deviation.
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Baseline characteristics between two groups of patients

Table 2 Baseline characteristics comparison between two patient groups in specific condition.

Variables Cerebrolysin (n=32) Usual care (n=36) p-value
Acute hemispheric ischemic stroke 11 (34.4) 14 (38.9) 0.592
- Right MCA or ICA infarction 7 (21.9) 9 (25) 0.447

- Left MCA or ICA infarction 4 (12.5) 5(13.9) 0.584
Acute hemorrhagic stroke 13 (40.6) 15 (41.7) 0.139
- Right Basal ganglion 4 (12.5) 5(13.9) 0.584

- Left Basal ganglion 2 (6.25) 3(8.3) 0.630

- Right Thalamic 1(3.1) 1(2.8) 1.000

- Left Thalamic 1(3.1) 1(2.8) 1.000

- Right cerebellar 1(3.1) 1(2.8) 1.000

- Left cerebellar 1(3.1) 1(2.8) 1.000

- Lobar 2 (6.25) 1 (2.8) 0.980

- Brainstem 1(3.1) 2 (5.6) 0.849
Traumatic Brain injury 8 (25) 7 (19.4) 0.965
- Acute subdural hematoma 3(9.4) 4(11.1) 0.776

- Acute Epidural hematoma 2 (6.25) 1(2.8) 0.106

- Traumatic intracerebral hemorrhage anywhere 1(3.1) 1 (2.8) 1.000

- Others traumatic brain injury 2(6.25) 1(2.8) 0.106

Value presented as n (%) P-value corresponds to Independent-t test and Fisher’s exact test. Abbreviations: ICA, Internal carotid artery; MCA,

Middle cerebral artery; Others traumatic brain injury, Diffuse axonal injury, Traumatic subarachnoid hemorrhage, Combination of Traumatic

intracerebral hemorrhage

Participants

From December 2016 to May 2022. 68
Subjects including all the adult patients with severe
disability (GOS of 2 and 3) after trauma or stroke.
Patients were classified to receive cerebrolysin
(n=32) and usual care (n=36). Cerebrolysin was
administered intravenously in 30 mL dosage daily
for 21 days. The 6-month NIHSS, Barthel Index and
modified Rankin Scale were recorded. The outcome
scales, safety and complications were compared

between two study groups.

Standard medical therapy

All patients were admitted to a stroke unit or
intensive care unit in the department of Neurology
and Neurosurgery. The patient’s head was kept el-
evated by 30°. All patients were kept in a mild fluid
restriction state with 1,800 ml of daily fluid in the
first week. Intravenous antihypertensive agents were
administered when blood pressure was higher than
2207120 mmHg. Body temperature was kept below
38°C and blood glucose level was maintained at

less than 180 mg/dl. Endotracheal intubation was
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Table 3 Comparison of outcome assessment pre- and post-therapy between two patient groups at 6 month follow-up.

Variables Cerebrolysin (n=32) Usual care (n=36) p-value
Pre-NIHSS score 13.1 £4.59 14.15 £ 5.30 0.8
Post-NIHSS score 6.40 £2.13 10.02 + 3.75 0.013
Pre-BI score 31 +2.93 37.5+2.25 0.56
Post-BI score 77.23+11.71 68.82 + 9.63 0.025
Pre-mRS score 3.75+0.29 45 +0.27 0.15
Post-mRS score 2.34 +0.11 3.2+0.46 0.048
Survival after hospital discharge at 6 month 19 (59.4) 10 (27.8) <0.001
Seizure complication at admission 11 (34.4) 13 (36.1) 0.598
Seizure complication after discharge 15 (46.9) 18 (50) 0.291
Cardiovascular complication at admission 7 (21.9) 9 (25) 0.559
Cardiovascular complication after discharge 8 (25) 10 (27.8) 0.751
Recurrent ischemic stroke 2 (6.3) 3(8.3) 0.64
Recurrent ischemic stroke after discharge 6 (18.8) 7 (19.4) 0.754
Recurrent intracerebral hemorrhage 1(5) 3(8.3) 0.3
Recurrent intracerebral hemorrhage after discharge 2 (6.3) 4(11.1) 0.45

Value presented as mean £ SD. or n (%) P-value corresponds to ANOVA. Abbreviations: ANOVA, analysis of variance; BI, Barthel Index; mRS,
modified Rankin Scale; NIHSS, National Institute of Health Stroke Scale; SD, standard deviation

performed to maintain adequate tissue oxygenation
in patients with clinical deterioration or signs of
respiratory insufficiency. Hyperventilation was used
only in an emergency with the target level of PaCO,
of 30-35 mmHg. Osmotherapy with Mannitol or
glycerol launched when there was an evidence of
mass effect. Mannitol was administered with the
dosage of 0.25-0.5 g/kg body weight bolus. During
osmotherapy, blood osmolarity was maintained at ap-
proximately 300-320 mOsm/Il. Oxygenation, blood
pressure, glucose were sustained at appropriate level.
Early enteral nutrition was given. Pneumonia and deep

venous thrombosis were monitored and well treated.

Outcome assessment

The clinical assessment to record the functional

outcome was done at discharge, 3 and 6 months.
Barthel index (BI) and mRS were employed to as-
sess the functional outcome. The mRS score and Bl
were recorded at admission, 3 and 6 months. The
hospital mortality and its causes were also included.
Outcome was assessed with mRS at 3 and 6 months
follow-up. It was dichotomized into good outcome

(mRS 0 to 3) and poor outcome (MRS 4 to 6).

Hemodynamic monitoring

Radial arterial catheter and central venous
catheter was linked to a bedside monitor on one
side and to a specific transducer (Philips Intellivue
Philips MX600, USA) for blood pressure and central
venous pressure (CVP) monitoring. If patients have

unstable hemodynamics value of cardiac output (CO)
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and Stroke volume (SV) were estimated from pulse
contour analysis (EV1 000 clinical platform, Edwards
advanced hemodynamic monitoring tools for an in-

tegrated Edwards Critical Care System, USA).

Statistical analysis

Student’s unpaired t -test was used to compare
continuous variables expressed as mean * standard
deviation. Chi-squared test was used to compare
categorical variables expressed as frequency with
percentage. Analysis of variance tests and multiple
comparison tests were used for comparison of NI-
HSS, mRS, and BI scores among individual NPA and
placebo group. Mann—Whitney U tests were used to
determine a significant change in mRS score at 3
and 6 months. Kruskal-Wallis tests were used to
determine the existence of statistically significant
differences among different groups with change in
MRS score at 3 and 6 months. p-value < 0.05 was
considered as statistically significant. The statistical

analyses were conducted using SPSS 23 software.

Ethics approval and consent to participate

Institutional Review Board Royal Thai Army Medi-
cal Department Ethics Committee approved this study
on December 8, 201 6. Research no. R102h/59 fol-
lowed Council for International Organization of Medical
Science (CIOMS) Guidelines 2012 and Good Clinical
Practice of International Conference on Harmonization

statement no.IRBRTA1731/2559.

Result

68 patients with severe disability 6-month. The
baseline characteristics were comparable between

two groups. We found that NIHSS and modified Rankin

Scale were significantly lower in those receiving cere-
brolysin [6.40 £ 2.13vs 10.02+ 3.75 (p=0.013)
and 2.34 + 0.11 vs 3.2 + 0.46 (p = 0.048)] and
Barthel Index was significantly higher in those receiv-
ing cerebrolysin [77.23 £ 11.71 vs 68.82 + 9.63
(p = 0.025)]. Cerebrolysin administration was as-
sociated with lower mortality rate, and no significant
in seizure, cardiovascular complication, recurrent

ischemic stroke and intracerebral hemorrhage.

Discussion

In this study we found that in patients with
severe disability after 6-month follow-up. NIHSS
and modified Rankin Scale were significantly lower
and Barthel Index was significantly higher in cere-
brolysin group. Cerebrolysin administration was as-
sociated with lower mortality rate, and no significant
in seizure, cardiovascular complication, recurrent
ischemic stroke and intracerebral hemorrhage simi-
lar with CAPTAIN studies®®, that Cerebrolysin was
the only agent that was associated with a significant
improvement of neurological outcome after stroke
and for adults with mild traumatic brain injury (MTBI)
frequently results in impairments of cognitive func-
tions which would lead to psychological consequences
in the future. Cerebrolysin can significantly improve
cognitive function that could explain by inhibited
cleaved caspase-3, conversion of LC3-Il, down-
regulation of Bcl-2 and amelioration of secondary
brain damage and functional recovery after cerebral
infarction'" and this study correspond to MCI (mild
cognitive impairment) that suggests the impact of
cerebrolysin on the pathogenesis of MCI'? that Cere -
brolysin accelerated recovery and prevented acute

neuronal damage. Previous clinical trials support
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therapeutic effects in stroke patients13 when clini-
cal was longer than 24 hours'’ causes significant
morbidity including physical dependence, cognitive
decline, depression, and seizures. The treatment of

)18—21 act

AIS includes neuroprotective drugs (NPDs
directly on the neuron, prevent disruption of the blood
brain barrier (BBB) and loss of microvascular integrity
that triggers extracellular and intracellular proteolytic
cascades had ability to reduce tissue damage and
help in improving functional outcomes and quality of
life of patients.For Traumatic brain injury, the effec-
tiveness of cerebrolysin on Glasgow outcome score
(GOS) showed favorable GOS'®"'®. The pharmaco-
logical modulation of cerebrolysin in the ischemic
cascade include glutamate release and glutamate
receptor activation, excitotoxicity, calcium influx into
cells, mitochondrial dysfunction, and activation of
intracellular enzymes, free radical production, nitric
oxide production, apoptosis, and inflammation can
promote neuroprotection. In our study, The objective
of our study was to determine the effectiveness of
cerebrolysin in changing the functional outcome at
6 months of patients with AIS involving MCA terri-
tory showed beneficial effect in treated group with
significant improvement in NIHSS score, BI score,
and mRS score. The mean time between stroke on-
set and cerebrolysin administration was within 12

2324 it was from 5 to

hours. In the previous studies
24 hours. There was decrease in NIHSS score and
improvement in Bl score and improved the functional
outcome. Cerebrolys in acute stroke treatment in Asia
trial showed that had an improvement in the NIHSS
on day 90 compared with placebo. and in AIS showed

significant improvement of 21 -day NIHSS scores with

cerebrolysin. The small sample size was the limitation

of our study. It was a single-blinded study wherein
the investigators were aware about the neuroprotec-
tive agents received by the patients and the outcome
was assessed by the investigators themselves with a
possibility of research bias. A randomized control trial
with a bigger sample size is required to strengthen

the results of this study.

Limitation

This study has some limitations. First, the
benefit of surgery in motor and aphasia recovery is
progressive and sustained until 1 year. Results of
the present study suggests that 6 months outcome
assessment may be insufficient to understand the
true benefit and at least 1 year follow-up should be
recommended for measuring its functional benefit.
Second, our study was conducted in single center.
Finally, many exclusion criteria so many patients were
excluded. In this study, performance and emotional
state outcome measures were applied. This approach
may be complemented in the future by measures that
evaluate subjective health related quality of life, such
as the QOLIBRI instruments (Quality of life after brain
injury), in order to facilitate treatment effectiveness

measurement from the patient’s perspective.

Future direction

Although small sample size was the limitation
of our study. The outcome was assessed by the in-
vestigators themselves with a possibility of research
bias. A randomized control trial with a bigger sample

size is required to strengthen the results of this study.

Conclusion

Cerebrolysin administration in patients with
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severe traumatic brain injury and stroke is associ-

ated with improved functional neurorecovery, and

decreased mortality rate.
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Burst Suppression by Using Combined Inhaled
Sevoflurane and Propofol in Postoperative Period in
Patient with Refractory Intracranial Hypertension:
A Case Report

Panu Boontoterm, MD'

7De,oartment of Neurosurgery, Phramongkutklao Hospital

Abstract

Background: Barbiturate coma are widely used in postoperative period in patient with refractory intra-
cranial hypertension for deep state of brain inactivation. Inhaled sevoflurane via the anesthetic conserving
device could be useful for the sedation of patients in the intensive care unit, but few evidence support to
this procedure.

Main Content: A 53-year-old man had glioblastoma multiforme at left temporal lobe presented with
confusion 4 days ago and developed epilepsy. He was planned to performed craniotomy with tumor removal
during Intra-operative found intractable cerebral edema then his clinical progressed to uncontrolled intra-
cranial hypertension and refractory status epilepticus. inhaled sevoflurane administration was performed to
decrease dose of propofol for maintain hemodynamics. Intractable cerebral edema and status epilepticus
was successfully treated in this patients.

Conclusion: The use of inhaled sevoflurane reduced opioid dose intensity , promote resolving from

status epilepticus, decrease dose of vasopressor to maintain hemodynamics and no adverse events.

Keywords: refractory intracranial hypertension, barbiturates coma, inhaled sevoflurane, anesthetic
conserving device
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Introduction

Barbiturate coma are widely used to suppress
cerebral metabolic rate in case of post operative
refractory intracranial hypertension. Potential mecha-
nism of action has been mainly attributed to sup-
pression of cerebral metabolic rate (CMR) of oxygen
up to 40% to 50%' . However, high doses cause
prolong hypotension, cardiovascular instability, and
delayed neurological examination in the postoperative
period>®. Recently, the bispectral index (BIS) moni-
tor, a processed EEG, has emerged as an alternative

to standard EEG to document the cerebral effect of

CMR-reducing effects’™®. Sevoflurane, similar to
barbiturate, produces a dose-dependent decrease in
cerebral metabolism to end point of EEG show burst
suppression. Sevoflurane induces isoelectricity by
increasing the inhaled concentration of sevoflurane
beyond 2.0 to 2.5 minimum alveolar concentration
for cerebral protection in refractory intracranial hy-
pertension9 .In this case report, we assessed EEG
burst suppression measured with BIS monitor score
0-10 as an alternative to standard EEG. We did not

performed multichannel EEG due to marked scalp flap

swelling.
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Inhalation anesthetic agents have sometimes
used for sedation in the Neurosurgical critical Care
Unit'®"?. Sevoflurane had shown some benefits
compared with intravenous sedation. It provides give
better hemodynamic stability and expired end-tidal
concentration provides the real time method that
can monitor cerebral concentration, which aids dose
titration and minimizes risk of drug overdosing'®. This
is a case report of a single patient admitted to the
neurosurgical ICU who had post-operative refractory
intracranial hypertension and status epilepticus, and
were treated by inhaled sevoflurane combination with
propofol and midazolam aimed to induced burst-

suppression on bispectral index monitor.

Case Presentation

A 53-year-old man diagnosis glioblastoma
multiforme at left temporal lobe was presented with
confusion, not followed to command 4 day ago
after admission he developed status epilepticus
and computer tomography (CT) brain and MRI brain
showed intra-axial mass at left parieto-temporal
lobe and left basal ganglion with cortex-sparing
with vasogenic edema involved left internal capsule
(anterior, posterior limb and genu) and left superior
cerebral peduncle with sulcal effacement of left ce-
rebral hemisphere, left lateral ventricular effacement,
left sided midbrain displacement, rightward midline
shift (1.3 cm) and left subfalcine and left uncal
herniation likely progressive disease. He was planned
to performed craniotomy with tumor remove. Intra-
operative period was found intractable intraoperative
brain swelling then 20% mannitol administration
and repeated dose and decompressive craniectomy

were done then post-operative he developed status

epilepticus. He was admitted in the neurosurgical ICU
after procedure for post-operative care and intracra-
nial hypertension management with 30 degree head
elevation, intravenous fentanyl, 2% propofol, cis-
atracurium and midazolam administration according
to Table 1. Concomitant treatments for brain edema
and status epilepticus that the patient received after
increased dosage of propofol and midazolam, this
patient was hypotension so we give norepinephrine
titration to maintain mean arterial pressure more
than 65 mmHg and give sevoflurane administration
(Figure 1) to decrease dose of propofol for maintain
hemodynamics. Informed consent was obtained from
both patient himself or his family. Patient admit-
ted in Neurosurgical department and neurosurgical
Intensive Care Unit,

Phramongkutklao Hospital. The primary endpoint
was efficacy of sevoflurane defined as opioid dose
sparing effects and time to improve GCS. Second-
ary endpoints were spontaneous breathing, time
to control status epilepticus, time to wake-up and
extubation, percentage of time in Bispectral index
(BIS) range O to 10 and no major violations and
adeverse events. Ethics approval and consent to
participate by Institutional Review Board Royal Thai
Army Medical Department Ethics Committee approved
this study research no.S069h/64 followed Council
for International Organization of Medical Science
(CIOMS) Guidelines 2012 and Good Clinical Prac-
tice of International Conference on Harmonization
statement no.IRBRTA 1818/2564 and informed
consent was done before the operation and patient
was full consciousness and from either the patient
himself or his family and patient decided by himself

(informed consent was done after dexamethasone



Thai Journal of Neurological Surgery
Vol. 1 No. 1 January - March 2023 15

Table 1 Concomitant treatments for brain edema and status epilepticus that the patient received and BIS during 120

hours showed 5-10 and RASS range -1 to -4.

Day/Drug Sevoflurane Propofol Midazolam Fentanyl Cisatracurium  Norepinephrine
(dosage) (MAC) average/  (mg/kg/min)  (mg/hr) (pg/hr) (mg/hr) (ug/kg/min)
max dose(MAC)  average /max
dose
Immediate post - 0.15/0.2 14 120 10 1.1
operative — 8 hr
1 0.8/1 0.12/0.17 10 120 10 0.7
2 0.9/1 0.1/0.15 10 100 10 0.53
3 0.9/1 0.07/0.13 10 100 10 0.36
4 0.9/1 0.05/0.12 8 80 8 0.22
5 1/1 0.03/0.12 5 80 8 0.15
6 - 0.01/0.05 - 50 - 0.07
7 - - - 50 - 0.04
8 - - - 30 - 0.02
9 - - - 30 - 0.013

Value present as average dose/max dose

Figure 1 Example of Anesthetic Conserving Device used in the respiratory circuit of mechanical ventilation.
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administration and his confusion improved at first
admission about surgical planning and medication
for refractory intracranial hypertension management).
Post-operative intractable cerebral edema and status
epilepticus was successfully treated using prolonged
inhaled sevoflurane sedation for 5 days in the ICU
by repeated EEG showed no epileptiform discharge
and follow up CT scan show no progression of ce-
rebral edema and during the 5 day, surgical flap
from decompressive craniectomy showed no tension
or wound dehiscence. Follow up CT Brain showed
no intra-cerebral hemorrhage, we concluded that
inhaled sevoflurane sedation can be used in refrac-
tory intracranial hypertension. After 5 day of inhaled
sevoflurane sedation norepinephrine could wean off
and when stop inhaled sevoflurane sedation Glasgow
coma scale was improve to E3VIM5 pupil 3 mm in
diameter react to light both eyes.

Follow up brain EEG at 1st week showed no
epileptiform discharge, antiepileptic drug could de-
escalated and CT brain non-contrast showed no
complication or refractory cerebral edema. Ventilator
was weaned off and the patient was transfer to step

down ward.

Ethics approval and consent to participate

Institutional Review Board Royal Thai Army
Medical Department Ethics Committee approved this
study research no.S069h/64 followed Council for
International Organization of Medical Science (Cl-
OMS) Guidelines 2012 and Good Clinical Practice of
International Conference on Harmonization statement

no.IRBRTA 1818/2564.

Result

Opioid and propofol dose intensity was 30%
lower than before apply the device for the over-
all burst suppression period according to Table 1.
Concomitant treatments for brain edema and status
epilepticus that the patient received and spontane-
ous breathing occurred after disconnect the device
1 hour on day 6. Times to improve of Glasgow coma
scale were short and wake-up after disconnect the
device on day 8. No common adverse events such
as prolong hypotension, delirium, oliguria and inhaled
sevoflurane via the anesthetic conserving device
provides safe due to this patient could maintain
stable hemodynamics, decreased dose of intravenous
sedation such as propofol or midazolam that cause
worse hemodynamics and good quality sedation to
this patients due to maintain stable bispectral index
(BIS) 0-10. Long-term inhaled sevoflurane seda-
tion in this case 120 hours was associated with no
delirium. After 5 days of inhaled sevoflurane sedation,

norepinephrine could wean off.

Discussion

Sevoflurane inhalation showed safe and good
quality sedation. Long-term inhaled sevoflurane se-
dation more than 120 hours would be associated
to less vasopressor dosage. Previous studies10
showed that used sevoflurane sedation in 25 pa-
tients with acute stroke or subarachnoid hemorrhage,
showed that sevoflurane led to sufficient sedation,
but decreased mean arterial pressure (MAP) and
cerebral perfusion pressure (CPP) in a selected

cerebrovascular neuro-critical care population and
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about a third of these patients had severe adverse
reactions including intolerable intracranial pressure
(ICP) increases but in this case report, we performed
decompressive craniectomy and avoid hypoventilation
by adjusted ventilator and end-tidal CO2 monitor-
ing and used NIRS monitoring region frontal cerebral
blood flow as alternative modality combined with
scalp flap tension and follow up CT brain that showed
no progression of cerebral edema and hemorrhagic
transformation. For Advantages and Disadvantages
in inhaled sevoflurane sedation discussed in Table 2.
For cerebral injury, cerebral vasodilation may lead to
increased ICP, but at the same time volatile anes-
thetics are known to stabilize the endothelial barrier.
There was experiment16 demonstrates that low-dose

short-term sevoflurane sedation did not affect ICP

and MAP and attenuate early brain edema forma-
tion, potentially by preserving adherens junctions.
The inflammatory cascade is initiated, which leads

#7178 'In addition, endothelial

to further brain damage
cell injury leading to blood—brain barrier dysfunction
is an important component of the reactive inflam-
mation'’. Reducing early brain injury is still the main
emphasis of intracranial hypertension therapies. The
reduction of brain edema, an independent predictor
for unfavourable outcome. Tight and adherens junc-
tion proteins, such as zonula occludens protein-1
(z0-1) and beta-catenin (beta-catenin) are key
components of blood—brain barrier function. Follow-
ing neurosurgical procedure, junction proteins are

affected, which leads to increased permeability of

the blood-brain barrier. Disruption may be protected

Table 2 Advantages and Disadvantages in inhaled sevoflurane sedation'®.

Advantages

Disadvantages

Rapid onset

Increased dead space

Short times to extubation and wake up

Reflection of CO»

Stable in maintain quality of awakening /Agitation score (RASS) to -1 to -4

Need of a scavenging system

Analgesic effect and Pain

Score monitoring with sympathetics response

Effective bronchodilator

Hepatic and renal safety due to clearance with respiratory system

Short times to resolved in status epilepticus and antiepileptics drug de-escalation

Good choice for burst suppression to management in intracranial hypertension but

carefully in ventilation management and used in 3rd tier after decompressive

craniectomy

Adjunct in case of hemodynamic unstable due to heavy intravenous sedation such

as propofol or midazolam

Lower agitation and improved pain control

Reduced post-operative delirium

Good choice for postoperative sedation after neurosurgery procedure but carefully

in ventilation management
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Figure 2 Monitor bispectral index (BIS) after Anesthetic Conserving Device in the neurosurgical intensive care unit.

by volatile anesthetics. which results in a lower brain
water content'®. Sevoflurane is known to dilate large
vessels and constrict arterioles, but impact on ICP
are contradictory. ICP was increased at concentration
1MAC in one study'®. Whereas ICP was reported to
remain unaffected between 0.7 and 1.3 MAC®® and
between 0.5 and 1.5 MAC®'. We were interested in
not only safety aspects, in particular ICP and MAP,
but also exploring potential protective effects on the
blood—brain barrier. Use of sevoflurane as a seda-
tive would not further increase ICP, protective effect
resulting from stabilization of the blood—brain barrier
may be feasible and provides hemodynamic stabi-
lity. The decrease in brain water might be because
of a sevoflurane-induced membrane stability”® and
enhancement of the inhibition of neurotransmitter-
controlled ion channels, such as gamma-amino
butyric acid, glycine, and glutamate in the central
nervous system, is discussed as a possible anti-

#3°27 and association with reductions in

seizure effect
cerebral oxygen extraction and without increases ICP.
However, the observation of substantial MAP/CPP

reductions and other adverse effects are concerning

and warrant caution in this off-label treatment.

Limitation

The case report had some limitations. First,
we did not performed intracranial pressure monitor-
ing due to unplannable intraoperative uncontrolled
cerebral edema and hemodynamic unstable so we
could not titrate sevoflurane and propofol according
to ICP parameter. Finally, we did not performed full
multimodal neuro-monitoring such as autoregulation
monitoring by pressure reactivity index to find optimum

mean arterial pressure.

Future direction

Our experience mainly concerned intractable
cerebral edema. Used of near-infrared spectroscopy
alternative to autoregulation monitoring as cerebral

oximetry index.

Conclusion

Lower opioid dose intensity, promote resolving
from seizures or status epilepticus, decreased dose

of vasopressor to maintain hemodynamics and no
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adverse events supported use of inhaled sevoflurane.
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Abstract

The Analysis of Inflow Angle of Intracranial Aneurysm and The Risk of Rupture of Intracranial
Aneurysms

Ratanachart Nantanopas1

'Division of Neurosurgery, Department of Surgery, Maharat Nakhonratchasima Hospital

Introduction: A ruptured cerebral aneurysm has severe symptoms and subsequently high mortality.
It was found that patients could die before or after reaching the hospital not very long. Factors that cause
the rupture are size, location, aspect ratio estimating, and types of cerebral aneurysms. The researcher
decided to study this topic because there was not any research about how the angle of cerebral aneurysm
is related to the incidence at risk of rupture.

Method: Retrospective cross-sectional analytic study of aneurysm patients was used in this study.
The patients had to get a computerized angiography (CTA) or get a cerebral angiogram for checking on an
aneurysm at Maharaj Hospital, Nakhon Ratchasima between Jan 2019 and Dec 202 1. Personal informa-
tion was gathered from the medical record. The cerebral aneurysm was measured by the angle by program
computer and x-ray computer photo.

Result: There were 152 patients with an eligible qualification. They were classified into 2 groups:
124 ruptured aneurysm patients (81.6% ) and 28 unruptured aneurysm patients (18.4% ). The researcher
found the angle of cerebral aneurysm in case of prediction of ruptured incidence. The area under the ROC
graph was 0.99 (95%CI). The angle of > 95° of the aneurysm had a sensitivity. The opportunity of rupture
was 95. 2% (95%Cl: 89.8,98.2). The specification was 96.4% (95%Cl, 81.7,99.9). If the angle was
analyzed according to an acute angle (< 90°) and obtuse angle (> 90°). It was found that the sensitivity
was 100% (95%Cl:97.1,100) and the specificity was 85.7%(95%Cl:67.3,96.0). The angle of > 95°
had a 28.6% prevalence risk of intraoperative rupture; 26.9% of postoperative complication and 14.3%
of postoperative death.

Conclusion: The angle of cerebral aneurysm affected an incidence of rupture. Obtuse angle possibly
had a higher risk than acute angle. The > 95° had more effective average of sensitivity and specificity to
notify the incidence of rupture. It also maybe had a higher risk to intraoperative rupture than the < 95° of
angle.

Keywords: angle of cerebral aneurysm, ruptured intracranial aneurysm, risk of aneurysm rupture
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fUaenasmienansldinaeiilasuianasd
paNNILRsRaaLAaaAaNDd (CT Angiography) Las/
138 cerebral angiography

Usz91n581989 (Reference population)

dUrevaaniondnasloneslasunisiiade
[59NENUI AN TIEWATINY R NI

Uszy1nsAne (Study Population)

fUaenaonfonanacldonasfigniin tonzisd
paNfilnasvaanlianaNas TulsIne1u1aNnIsY
WATI1TANTI921119(CT Angiography) Waz/138 ce-
rebral angiography 32%319 1571 1 NNTIAN 2562 B4
31 6WINAN 2564

InturinnisAniaantd (Inclusion criteria)

- gtheflasuns¥ii lngsdranfiunasnasn
\ROASNDY WAZ/138 cerebral angiography HUenaaR

\RamanaslUenaefdn saccular aneurysm

duhenannfandnoslUanainifiunnuazla

LB

naaALaaALAIZ1e hypoplasia < 1 mm

dUae81e > 18 Unnuna

flhedlasunsinsauasldlasunisiisn
LNETINTIIARLADNBE1ENAS 88N31NN19398 (Exclu-
sion Criteria)

- fhevasnionanasltnasiiiu fusiform
LY multiple lobe of aneurysm

- @'ﬂ’mﬂaamﬁamauaafﬂawmﬁﬂu multiple
aneurysms

- # dominant artery 1¥111% 2 219

- furefifiawianasnionanaldone = 2.5

[~ a
LAUBILNEY

inSevijelunnside

FIUTINTBYAAIRYARR FBYANIAGHNIN

LIASELOen LLazﬁi"nagmawaamﬁamauaafﬂowaaﬁ
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NWWSAU parent arterysagn1singnlaeldlusunss
q

[

TannlwAanNILnes workstation WAz TAINNAINAE

longsdmranianasraonlfondnalngungnian
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g lpgdItesiwn1sInnanAnNISANEN

q LY}
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93'3?1'1’5’3613134 IRITNLHWNINATI parent vessel
AAugANaNa19aadneck Nainlugs tip 289 dome

29 aneurysm lnga1989m13 flow Yadparent vessel
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(319 dominant) udatufinly (57 1)

1. CTA 223AlAB@1ABNINIIN 3D reconstruc-
tion (IALAZEARIN maximal angle)

2. Cerebral angiogram JAlAga AEAININ
working projection 158 3D reconstruction "Z;a"lﬁmw
fidmannin CTA LLﬁi"Lai&iwaﬁiaﬁhawﬁvLﬁLﬁaamn’ﬁh

AN parent vessel LAY

3UN 1 rfhasi’mmi"i’mgmawaamﬁamauaaMaWM 270

cerebral angiography 1#nAfiA3D reconstruction
TANLABAINAT9289 parent vessel ARAUIA
flanan9289 neck Na1nlues tip 209 dome 289

aneurysm

nms3JlAs:ridaya

Faganiluzasiiedunnaangaivassidan

TWanasumn wazlsiuandiaszvisesin Anad oe
a2 Aade dowdesaunanasgin Wisuifisuseya
ﬂﬂﬁﬁﬂﬂﬂ\‘lﬂﬁiﬂﬁ%&lﬂaﬁ Fisher's exact test 7138
t-test JATIEARAMHANNBTUDIYNZBINADALTDRA
[Uenas Nuiildnsu receiver operating character-
istic curve (area under the ROC curve) Was IAGR
(cutoff point) lReRasIaIN AT Yuden finn
ﬁqm (Yuden’s index=Sensitivity + Specificity — 1)
Slumsﬁ'mumﬁ;mﬁm (cut-off) ﬁ%aguﬁmm:auﬁlqﬁ]
209LduLAY ROC Wazn1AIANHL (sensitivity) AN
31 Wz (specificity) N193LATIzRIYALAUSLASH
Stata 811150 Windows Stata software, version 11.0
(Stata Corp., College Station, TX, USA) lmaf1vium

d o o  w

seRUNEDANAReAAYlAgA1 P < 0.05

wan1sfAnuY

fitheilisunsinededulsanaoniondues
Tanesfidnwinanam 256 A lidnmsnisise
104 An Bwlioeanniss multiple aneurysm A1SH
multiple lobes LU mﬁa{im’mﬁﬂwﬁlﬂw inclu-
sion criterial WANWT9VHNA 152 AR uladwiinasn
\RananaslUInaIunn 124 Ak LATHADALREAENEY

Tdowaedi §5laiumn 28 Aw (U1 2)

Total case cerebral aneurysm

N =256
_ Exclusion
N=104
Case study
N=152

—

Rupture aneurysm

N=124

l

Unrupture aneurysm

N=28

sUN 2 wanddienAny
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WallTguineuangiaieaaanidadngunydn
ﬂﬁjuﬁﬁmamﬁamfﬂawammnﬁmqmﬁa 55.5 1

(sp=8.26 U) geningundnasaionlUonasla

wanag1sRedANeat A dnsuiladeifiennu lsa

LU [ARIHNAWLaAa g wazlsale wuInaas

Y

nanlauANs9A% (m15797 1)

A519 1 Fayantsuszrnnsamansuaziladaiiasneniinaasgiiielsanaaaionludnasldimaunnuazlaiunn

Factors Rupture, n=124 (%) Unruptured, n=28 (%) p-values
Average age, years (SD) 55.5 (8.26) 49.0 (9.48) < 0.001
= 50 93 (75.0) 13 (46.4)

DM 14 (11.3) 1(3.6) 0.307

HT 40 (32.3) 10 (35.7) 0.824

CKD 9 (7.3) 1 (3.6) 0.690

Anterior communicating artery aneurysms 92 (74.2) 23 (82.1) 0.470

91NN198319N57 receiver operating character-
istic curve (ROC) F9gUfi 3 WUIINNZBINADALRER
anasldanaalunisvinuienisunn 2eimasniien
ANBIHAT area under the curve (AUC) t¥11f1U 0.99
(95%Cl: 0.98-1.0) WiaiUSeuLfisuAn Youden's
index ﬁqmﬁmwfazqm Wudwﬁaﬂmawaamﬁam
anaaltowasil > 95 a9rn & el Youdens gogm
[maﬁwﬁma’nﬁmwh (sensitivity) [infiusoeaz

95.2 (95%Cl: 89.8, 98.2) AININNIL (specifi-

Sensitivity
050 075
L L

025
I

city)IAU 50882 96.4 (95%CI, 81.7, 99.9) A1
positive predictive value Speas 99.2 (95%CI: 95.4,
100.0) A" negative predictive value (NPV) 711U
J0882 81.8 (95%Cl: 64.5, 93.0) LR+ 26.6 L1
(95%CIZ 3.89, 183.0) uaz LR- 0.05 (95% Cl:
0.02, 0.11) AIAIST 2

WENINTLATIEA yNzaIriaeaLandna9lUy
WOIRINRETHIBIHNUAAN (< 90 BIFAT)ULATHN

1 (= 90 a9A1) wulrnwluvinnusesas 100

0.00

0.00 025

Areaunder ROC curve =0.9916

050 075 1.00

1 - Specificity

g‘dﬁ 3 n91 receiver operating characteristic (ROC) curve
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c; 1 o Adl ! 3 s ! [t v I:T l:‘
M990 2 ﬂ'J']NLLN%EI'ﬂ%ﬂ’]iVIﬂﬁBUVI 95% Cl : mm’mvh AITHNITLNS E][E]‘E’]ﬁ’J%ﬂ'J’]NLU%VLﬂVLﬂ Laswwin ROC

Diagnostic testing accuracy (95% Cl)

Inflow angle of intracranial aneurysm

> 95° =90
Sensitivity 0.95 (0.90, 0.98) 1.0 (0.97, 1.0)
Specificity 0.96 (0.82, 1.0) 0.86 (0.67, 0.96)

Positive predictive value
Negative predictive value
LR+
LR-
ROC area

0.99 (0.95, 1.0)
0.82 (0.64, 0.93)
26.6 (3.89, 183.0)

0.97 (0.92, 0.99)
1.0 (0.86, 1.0)
7.0 (2.83, 17.3)

0.05 (0.02, 0.11) -

0.96 (0.92, 1.0)

0.93 (0.86, 1.0)

(95%Cl: 97.1, 100) AINHINNIZNIAUTDEAE
85.7 (95%C|Z 67.3, 96.0) A1 PPV $p8az 96.9
(95%Cl: 92.2, 99.1) A1 NPV 11NAUS8882 100.0
(95%Cl: 85.8, 100.0) (5151971 2)
nsiAs1EdA1ANls wazANdwIETigR
AANN > 95 B9A1 IUnNAINBgIBINGNE U fi
Anw1 (28-80 U) wudn mnlizasAIynmAng
Tunsuanlandzasnisuanaasrasaionlls wad
TauUARA DY WHATINIUNIZIBIRAIGHEAINGT?
wUsHuAINeng laewudnAIAINgINIZge Yl

21gLNIW FogUN 4

Sensitivity

T T T
50 60 70
Age, years

30 40

sun 4
Uu

80

N33AT1HA1AH] WasAIINTUNINIYR

Nﬂﬂﬂi%miﬂzﬁﬂ}lﬂaﬂﬁﬁﬂmaaE]Z’{NENHJGWE]G
AU intraoperative rupture, postoperative complication
WAz postoperative death WUIIHHN > 95° HATAIN
W (prevalence risk) AaNISLAR intraoperative rup-
ture 28.6% postoperative complication 26.9% LA
postoperative death 14.3% a'mag‘uﬁzﬁﬂ'w <95° {A1
mmlﬁ 8\ intraoperative rupture 6.1%, postoperative
complication 9.1% a2 postoperative death 3.0%
IﬂﬁlLﬁaF-’I’JUQN@V]%WH?IQGﬂ@:NﬂﬂﬂqLLﬂzLﬂ%ﬁULﬁﬂUﬁU

3N <95 AIEAHDR adjusted prevalence ratio WU

Specificity

70 80

T T T T
30 40 50 60
Age, years

a

AyN > 95 8IAT NN IBBINGHE U
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Myanassdanllines > 95° \ie9san94in intra-
operative rupture 4.63 W (95%CI: 1.16, 18.45,
p-value 0.030) N15LAR postoperative complication
2.41 11 (95%Cl: 0.79, 7.35, p-value 0.122)
WAZ postoperative death 3.25 91N (95%Cl: 0.46,
22.92, p-value 0.238) F9AN5797 3

miLnJamai%dmmqmsdﬁﬁuﬁuéﬁ’ums

[

SR WAzN1IzUNINFauddadnaLiesannsin au

'
d 1 s o

ANINNIT 95 FNWHEAUNITNULNNEAIBATTWANT

=} U nl 5 o wvd
HAMSUNINTDULNNT Y Vl’lsl'ﬂNmorbidity Las mortality

g9n1

m151971 3 HANITIATIzRNNIBIRaanIAonaNaslUInasl 95%Cl iU intraoperative rupture, postoperative compli-

cation LLae postoperative death

Intraoperative rupture

Postoperative
complications

Postoperative death

Aneurysm inflow—angle P APR# P APR# P APR#
(95% clI) (95% cI) (95% clI)
<95 2(6.1) Ref. 3(9.1) Ref. 1(3.0) Ref.
>95° 34 (28.6) 4.63(1.16,18.45) 32 (26.9) 2.41(0.79,7.35) 17 (14.3) 3.25(0.46,22.92)
p-value 0.030 0.122 0.238
<90° 1(4.2) Ref. 1(4.2) Ref. 1(4.2) Ref.
> 90’ 35 (27.3) 6.41(0.94,43.75) 34 (26.6) 4.97 (0.71,34.93) 17 (13.3) 1.97 (0.29, 13.48)
p-value 0.058 0.107 0.490

*adjusted for age = 50 years.

Abbreviations: P, prevalence (risk); APR, adjusted prevalence ratio; Cl, confidence interval; Ref, reference.

anuUs1g (Discussion)

nsAnwIRaEn 3 Swuianaaadonsnaslls
WeIanaR $193% 256 Av ugneds 193 Aw fune
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nasmianaNailUInasunn 124 AL LaTRABRALREA
snaslUonasilaunn 28 A Feazifinladn 1w
Tadnurrawinagazisiasaniiu multiple lobe of
aneurysms, fusiform aneurysms WAZUN9EIBLAR AW
3D reconstruction Bnvednwingaefivnandnuas
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i Tsauszdnszasgie gUiediiulsanass
\damuds (atherosclerosis) Q’ﬂ’mﬁgqu%%’m \Dnsin
danilaseduiidsnaranisunnaoinasniion auoa
TJswaemal International Study of Unruptured Intra-
cranial Aneurysms (ISUIA) Tawn previous ruptureltfe
location and size of aneurysms?2 ”Laﬂﬁsamwm
Siaszilunsinendt

INNISANYINUIINITUANZDIVARBALRDATND
TswasuUsiumnianionislnazesdenfilunszny
Au tip of dome aneurysm ﬂ’l'ﬁﬁﬂﬂaﬂ’mmﬂ(angle
> 90 degree)VinlWiRnusefiidanlnalunsevinfu
tipadd domedad aneurysm ﬁaﬁmﬁfamamﬂﬁudm
HNﬁLmaNﬂ'ﬁ’l Fnllonafidenlunszunndu tip of
dome aneurysm ﬁaaaa%’iwu 7% > 95 89A1 819
szfimnadeslunisunnfitiadwiiosainnisdnen
"[,34'mmimmuauﬂaf{TﬂL?{'mﬁ'ﬂuﬂﬁLmn"[,r?f I
risk of intraoperative rupture

9INN1TFANWIZ849 Merih | wazAne (A.A. 2010)
V[,rffﬁnwn,%:aﬂ aneurysm inflow-angle as a discriminant
for rupture in sidewall cerebral aneurysms’ Jun13
Anwinislraienzsdonly Anlifiluwaaandon
anasldonas ﬁamnmiﬁnmwuﬁ’]ﬁaﬁﬁimuinﬂow
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The Study of the New Occipital Ventricle Entry Point
Using 3D-CT Simulation
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Division of Neurosurgery, Department of Surgery, Bhumibol Adulyadej Hospital, Bangkok, Thailand

Abstract

Background: Cerebrospinal fluid diversion procedures are perhaps the most common procedure in
neurosurgery, which is sometimes accessed via a posterior approach. However, there are many variations
either in entry points, trajectories, and questions for their clinical outcomes. This study aimed to reevaluate
commonly used posterior approach entry points based on 3-dimensional computed tomography (3D—CT)
technology.

Method: A total of 180 patients who were diagnosed with hydrocephalus were retrieved and cranio-
metric evaluation was done with reconstruction technique for thin cut 3D-CT. Cartesian coordinates of the
new entry point for posterior ventricular catheter insertion (or the “New occipital entry point” in this study)
were calculated and the brain parenchymal thickness that is traversed by the catheter via three approaches
(Keen’s, Frazier’s, and our New occipital entry point) were compared.

Result: The New occipital entry point for posterior ventricular catheter placement is approximately
4 cm above the inion and 6 cm from the midline for both the right and left sides. The traversed brain pa-
renchymal thickness for the New occipital entry point was statistically significantly less than Frazier’s point
on both sides (P < 0.001) but more than that of Keen’s point, with statistically significance on both sides
(P < 0.001 for right side and P = 0.006 for left side). Keen’s point may have the least traversed brain
parenchymal thickness but it might be difficult to access when the patient is set in a prone position.

Conclusion: Our study showed that the New occipital ventricle entry point for the posterior ventricular
approach may decrease the amount of brain parenchymal traversed from catheter insertion. Clinical trials

in real patients are needed for further evaluation of this entry point.

Keywords: Occipital parietal point, Frazier’s point, Keen’s point, ventriculostomy, computed tomography,
3D reconstruction
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aogdetins, n1sHnARldagszUIeIRIwdasladunasaIBlaIasgdadTia

Introduction

Cerebrospinal fluid (CSF) diversion, either by
external ventriculostomy drainage (EVD) or other
shunting procedures, is one of the most common
procedures in neurosurgery. Despite advancements
in technology, these procedures are still having a high
failure rate that does not decrease as time passes.
Risk factors such as the etiology of hydrocephalus,
age of the patient, and infections are well documented
as causes of shunt failure. Catheter obstruction,
which depends on surgical technique, is also one of
the common causes of shunt failure'. Improvement in
accurate catheter placement may result in improved
shunt survival®®.

In literature, there are several access points to

the ventricles, either with free hands, with the help of

tools and devices, or with a neuronavigational system.
There are several access sites to the lateral ventricles
which could be categorized as frontal horn or anterior
access, temporal horn or lateral access, and poste-
rior horn or posterior access. The posterior parieto-
occipital approach is commonly used for accessing
the posterior horn of the lateral ventricles, which are
occipital ventricles and trigones or atriums, and is
one of the commonly used access points®. However,
the freehand posterior approach is not well defined
and there are significant variations in entry point and
trajectory amongst neurosurgeons4, some based on
measurement of the pinna of the ears (which are
soft tissue and can be varied) or some using the
operator’s fingers which increased the inaccuracies™®.

We believe this lack of standardization contributed to
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incidences of ventricular catheter misplacement.

Two of the most common classic entry points
for the posterior ventricle approach are Frazier’s point
and Keen’s point. Frazier’s point was initially de-
scribed by Frazier in his series on trigeminal neuralgia
management in 1 928’. The described entry point is 6
cm superior to the inion and 3-4 cm lateral from the
midline with a trajectory aimed at the opposite medial
canthus and traversed the cerebral parenchyma 5-6
cm before reaching the occipital horn of the lateral
ventricle®. Keen’s point was first described by Keen
in a child with hydrocephalus presumed to be due
to a cerebellar tumor in 1888. The entry point has
been described as a point approximately 2.5-3.0 cm
behind the pinna. The brain parenchyma is traversed
around 3-4 cm before reaching the trigone of the
lateral ventricle®.

Given that the entry point is a major determinant
of final catheter location and the brain parenchyma
traversed by the ventricular catheter may cause tis-
sue overgrowth into the catheter leading to shunt
malfunction'’, we reevaluate Frazier’s point and
Keen’s point with 3-dimensional simulated computer
tomography (3D—CT) reconstruction technology. Our
study aims to measure the thickness of the brain
parenchyma traversed via each posterior approach
classic entry point and their relation to the point
which has the thinnest brain parenchyma. We hope
that our study might reveal the best entry site with

the least traversed brain parenchymal tissue.

Materials and Methods

Sample size

We used the estimation of an infinite population

mean formula for the calculation of the sample size.
The estimated sample size calculated is 171.

22 o2

-3
d?

n =

This study was a descriptive trial and was ap-
proved by the Ethics Council of Bhumibol Adulyadej
hospital. One hundred eighty patients were collected.
Sex and age were collected. Evans index was cal-

culated for all patients. The inclusion and exclusion

criteria are as below;

Inclusion criteria

- Patients who are diagnosed with hydrocepha-
lus with records on the ICD-10 system (G91-G919)
from July 2016 to July 2019

- Thai nationality, age over 18 years

- Underwent multislice CT scanning with a
thin overlapping section (slice thickness 1.0) in the
orbito-meatal plane with 3D facial reconstruction

Exclusion criteria

- Age below 18 years

- Patients who have asymmetrical ventricles or
only one intact ventricle

- Shifting of midline structures or herniations

- Previous craniotomy or skull defect

- Intraventricular mass or intraparenchymal
tumor

- Patients who previously underwent posterior

ventriculostomy or shunt procedure

Evaluation of the New Occipital Ventricle Entry

Point and Traversed Parenchymal Tissue

A CT craniometric study by the Syngovia® sys-
tem was used with a soft tissue window in transition

from caudal to rostral in axial slices. The first cut
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above both sides of the thalamus was chosen as the
plane for the entry site 10. On that plane, the line
between the anterolateral and posteromedial walls
of the atrium of the lateral ventricle was drawn. Then

an imaginary line was drawn in the middle, parallel

and bisecting both referenced lines and extended
posteriorly, back to intercept with the outer cortex

of the skull. At that point, we refer to it as our New

occipital ventricle entry point (Figure 1).

Figure 1 1A: The first axial CT cut above both sides of the thalamus. Lines were drawn on the anterolateral wall and

posteromedial wall of the lateral ventricle, then an imaginary line was drawn bisecting those lines. The point at

which the imaginary line intercept with the outer cortex of the skull is set as the New occipital entry point. 1B: 3D

reconstruction in the bone window shows a color mark point at the inion (green dot), a midline point at the entry

plane (orange dot), and the New occipital entry point (red dot).

The next step is identifying the inion landmark,
which is defined as the most prominent part of the
external occipital protuberance in the 3D-CT scan. We
then measure the distance between the New occipital

ventricle entry point and the inion landmark and then

document them in horizontal & vertical distances re-
spectively (Figure 2). Both sides of the New occipital
ventricle entry point (left and right) were measured

and recorded.
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Figure 2 2A: 3D-CT bone window shows the distance between the inion landmark and the New occipital entry point. The

horizontal distance (x) and the vertical distance (Y) are recorded. 2B: A Comparison of the three studied occipital

ventricle entry points. Circle = the New occipital ventricle entry point, Triangle = Frazier’s point, Rectangle = Keen’s

point.

Evaluation of the brain parenchymal thickness for the
New occipital ventricle entry point, Frazier’s point,
and Keen’s point

In the same axial CT slice in that, we identified
the New occipital ventricle entry point, we measure
the brain parenchymal thickness at this entry point.

By using the imaginary line (the line bisecting the

anterolateral and posteromedial wall of the lateral
ventricle), we measured the traversed brain paren-
chymal tissue for this entry point (Figure 3A). For
the classic entry point, we identified Frazier’s and
Keen’s points bilaterally as well. For standardization
in our study, we set the point 3 cm superior and 3

cm posterior to the helix of the ear for Keen’s point

Figure 3 3A: Measurement of the brain parenchymal thickness traversed by the catheters through the New occipital ventricle

entry point. 3B: The plane of the axial CT slice used for measurement of the traversed brain parenchyma.
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in our studyg and the point 6 cm superior and 4 cm
lateral from the inion as Frazier’s point'®. The tra-
versed brain parenchymal thickness for both Frazier’s

and Keen’s points was measured in the axial CT slice

perpendicularly to the outer skull cortex (Figure 4).
The data recorded from these studied entry points are
analyzed and calculated to find the average distance

from inion and traversed brain parenchymal tissue.

Figure 4 4A: The brain parenchymal thickness traversed by the catheter through Frazier’s point. 4B: The brain parenchymal

thickness traversed by the catheter through Keen’s point.

Statistical Methods

The distances for all studied entry points re-
garding the inion and the brain parenchymal thick-
ness were shown in Table 2. We use the average
and 95% confidence interval to interpret the result.
The pair-sample t-test was used to determine the
brain parenchymal thickness differences between our

New occipital ventricle entry point and both Frazier’s

Results

Our study involved 180 patients who were diag-
nosed with hydrocephalus. The average age is 50.5
years old which ranged from 24 years old to 85 years
old. Most of the patients are male (62.8%). All 180
patients were studied for both sides of their ventricles
(total of 360 ventricles). The average Evans’ index

is 0.38. Demographic data for all patients are shown

, . , . in Table 1.
and Keen’s point. The Evans’ index was measured
and shown in average value. A P-value < 0.05 was
considered statistical significance.
Table 1 Demographic data
Number of patients 180
Ventricles Rt: 180 Lt: 180 Total: 360
Sex Female: 67 (31.2%) Male: 113 (62.8%)
Age (years) Min: 24 Max: 85 Mean: 50.5
Evans’ index Mean: 0.38

Table 1. Demographic data of the patients included in the study. Rt = right, Lt = left, Min = minimal number, Max = maximal number
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The descriptive statistics for the coordinates
of the New occipital ventricle entry point with inion
as the reference is shown in Table 2. The Cartesian
coordinates of the New occipital ventricle entry point
were significantly different from both Frazier’s and
Keen’s points (P < 0.005). The mean value for the
horizontal distance from the midline of the New oc-
cipital ventricle entry point using the inion landmark
was 5.96 cm and 5.78 cm on the right and the left
side respectively. The mean value for vertical distance
superior from the inion was 4.08 cm for both the

right and the left side.

The mean brain parenchymal thickness for both
sides of the three approaches is presented in Table
3. The traversed brain parenchymal was the most
in Frazier’s point for both sides, more than our New
occipital ventricle entry point and Keen’s point, and
the difference was significant bilaterally (P < 0.05
for both sides). For Keen’s point, the traversed brain
parenchymal was less than our New occipital ventricle
entry point and the difference was statistically sig-
nificant for both sides (P < 0.001 for the right side
and P = 0.006 for the left side).

Table 2 The New occipital ventricle entry point with inion as the reference point.

Distances Right Hemisphere Left hemisphere
Mean 95%ClI Range Mean 95%ClI Range
(sb) (sb)
Inion reference horizontal 5.96 5.88-6.04 4.37-7.34 5.89 5.79-5.94 3.95-7.14
distance (cm) (0.5) (0.5)
Inion reference vertical 4.08 4.0-4.15 3.05-5.45 4.08 4.0-4.15 3.05-5.45
distance (cm) (0.4) (0.4)

Table 2. The horizontal and vertical distances from the New occipital ventricle entry point to the inion. SD = standard deviation, Cl =

confident interval, cm = centimeter

Table 3 Traversed brain parenchymal thickness for the three posterior ventricular approaches.

Traversed brain parenchymal (cm)
Entry point Right ventricle Left ventricle
Mean 95%ClI Range Mean 95%Cl Range
(sp) (sb)
The new occipital ventricle 2.38 2.33-2.44 1.24-3.75 2.5 2.29-2.41 1.65-3.66
entry point (0.3) (0.35)
Frazier’s point 3.01 2.97-3.05 2.64-3.89 3.12 3.07-3.16 2.55-3.77
(0.2) (0.3)
Keen’s point 2.23 2.18-2.28 1.44-3.01 2.24 2.2-2.29 1.75-2.98
(0.3) (0.25)

Table 3 Brain parenchymal thickness traversed by each approach. SD = standard deviation, Cl = confident interval, cm = centimeter
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Discussion

Ventricular catheter placement for patients with
hydrocephalus is one of the most common procedures
performed by neurosurgeons and neurosurgical resi-
dents. There are several approaches for accessing
the lateral ventricles; the posterior approach is one
of them and perhaps, one with the most variations.
Lind et al. (2008) analyzed the reconstructed MRI
images in their patients and reported that the oc-
cipital approach for ventricular catheterization has
the narrowest margin of error concerning trajectory
compared to the frontal or lateral approach, mean-
ing that it is the hardest approach''. A prior study
described the use of a posterior ventricular cannu-
lation guide aimed to reduce the inaccuracy due to
the free-hand nature of the procedurem. Variations
among neurosurgeons regarding the entry point and
the trajectory is another important issue, as there
is no consensus or standardization in literature or
even neurosurgical textbooks. Sarkar et al. (2011)
published improved accuracy of the desired entry
point with the use of the Vellore localizer'®. These
emphasize the fact that the posterior approach for
ventricular catheter placement is difficult and can be
easily misplaced or not achieve good results.

In our study, we tried to reevaluate and calcu-
late the mostly used posterior ventricular catheter
placement entry points (Frazier’s and Keen’s point)
in the aspect of the brain parenchymal thickness
that needed to be traversed by the catheter. As in
our review of the literature, proper catheter place-
ment requires an optimal entry point and trajectory
and should have a minimal amount of traversed
parenchymal tissue. We also tried to find the ideal

entry point which could access the ventricle via the

thinnest brain parenchymal tissue.

Keen’s point is found to have the thinnest tra-
versed brain parenchyma in our study. However, its
entry point has quite laterally deviated from the other
two. Practically, we set the patient in a supine posi-
tion with the head turned laterally when performing
the CSF diversion procedure using Keen’s point. It
might be very difficult to perform when the patient is
in a prone position. We then focus on studying the
differences between Frazier’s point and our New oc-
cipital ventricle entry point as both may be performed
when we need to set the patient in a prone position
while Keen’s point is inappropriate.

Our results showed that the New occipital ven-
tricle entry point is situated 4 centimeters above the
inion and 6 centimeters lateral from the midline. By
selecting this entry point we based on 2 assump-
tions. Firstly, the thalamus should be avoided, so we
choose the first axial CT slice above the thalamus.
Note that the atrium in this CT cut opens anteriorly
above the thalamus into the body of the lateral ven-
tricle'®. Secondly, for the catheter placement through
the least thickness of the brain tissue, the bisecting
point of the line tangential to both the anterolateral
and posteromedial imaginary line is chosen as the
entry point. We then calculate the average distance of
this New occipital ventricle entry point concerning the
inion. We choose the inion as a reference point as it
is a bony landmark, which is reliable and populated
by many suggestions.

Regarding the trajectory, some variations could
be problematic and confusing. As referenced, we
prefer the shortest one as traversing unnecessary
brain parenchyma may result in an increased risk for

hemorrhage. Garell et al. (1998) described in their
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technical note using the point 2 c¢cm in the midline
above the line connecting the two superior orbital rims
as a frontal target'®. Howard Ill et al. (1995) use
the point 1 cm above the supraorbital rim instead.
They also use the Ghajar posterior ventricular cath-
eter guide to help target the desired point'?. Ng et al.
(2022) use the intersecting point of the contralat-
eral frontal eminence in the axial plane and medial
canthus in the sagittal plane as the trajectory in their
technique for their parietooccipital shunt insertion in
pediatric populations®. Lee et al. (2008) conducted
a study using MRI data sets from 10 patients and
reported that for satisfactory catheter placement
via Frazier’s point (6 cm above the inion and 4 cm
lateral from midline), the best trajectory target is 4
cm above the contralateral medial canthus'®.

We chose a 3D CT scan for analysis because
cadaveric studies might be inaccurate because of
postmortem ventricular collapse. We believe that our
results are clinically relevant, particularly for young
neurosurgeons or neurosurgeon residents that are
still on a learning curve and have not yet apprehended
the spatial orientation of the ventricle to the skull.
The use of classical landmarks may be criticized as
inaccurate in real life and less relevant in an age of
modern imaging technology. However, our result will
nevertheless be useful in areas of practice when
modern imaging or navigators are not available.

Several researchers also have the idea that the
classic entry site might not be the best one for many
patients. Garell et al. developed a device called “The
Localizer” in lowa, USA. The device headband with
a trajectory landmark will be worn by the patient,
and then a posterior projection can be made back

to identify the entry site for each patient'*. Ng et al.

reported good catheter position in their case series
of 25 pediatric patients using their 3-point scale
method. Their entry site varies among each patient
as their technique uses the patient’s cranium to cre-
ate their craniometric landmark®. These ideas might
be interesting given that each patient’s cranium is
unique.

Some investigators are pioneering the idea of
more appropriate entry points rather than classical
ones. Duong et al. (2019) used the occipital parietal
point (OPP) which is the point in between Frazier’s
point and Keen’s point in their series of 93 adult
patients and reported an optimal catheter position
with potentially reduced risk of shunt malfunction'®.
Their chosen entry point interestingly shares the idea
of our Suggested point in that the proper entry site
is more lateral than the classic Frazier’s point.

The trajectory we selected for our New occipital
ventricle entry point might not be very practical. By
using the described imaginary line bisecting the an-
terolateral and posteromedial wall of the ventricle, we
found that this line usually traversed the least brain
parenchymal tissue and was nearly perpendicular to
the outer cortex of the skull. This might give additional
difficulty when performing surgery on real patients.

The major drawback of our study is that we
must accept that our New occipital ventricle entry
point might not truly be the point which the least
traversed brain parenchymal tissue. The trajectory of
our entry point is based on an axial view CT scan or
in parallel to the orbitomeatal line and the traversed
brain parenchymal thickness was calculated only for
that plane. Regarding the 3D structure of the brain
parenchymal tissue around the catheter entry point,

attempts to achieve the least traversed parenchymal
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thickness by concerning only the axial plane might
not be appropriate. The best trajectory in the axial
plane might not be the best when viewed in the
coronal or the sagittal plane. Ideally, we think that a
neuronavigational software that can reconstruct the
brain parenchymal tissue around the interested entry
point volumetrically in 3D and calculate the trajectory
which traversed the least brain parenchyma in all
axial, coronal, and sagittal views might be the ap-
propriate tool for this study (which we do not have
in our institute).

The other limitation of our study is that this new
entry point is specific to the adult population and
might not apply to pediatric patients. While using
our New occipital ventricle entry point, the operator
still needs to measure the appropriate ventricular
catheter length, which can be varied among patients.
Technically, drawing the imaginary lines manuallybythe
researcher (which is then becoming the trajectory)
might not be precise or be operator dependent. Ad-
ditional intraoperative complicatedness when using
our new entry point in a real patient is another concern
and should be evaluated. Concerns are such as more
difficulty in pre-operative trajectory planning, pos-
sible increase in operative time, and an additional
complicatedness of the procedure, etc. Better 3D
simulation software than ours in combination with
a neuronavigational system might result in a more
accurate entry point. Clinical trials are needed to
evaluate the efficacy and outcomes of procedures
using our New occipital ventricle entry point. Both
short-term and long-term side effects, complica-

tions, and shunt survival need to be studied.

Conclusion

In conclusion, our result suggests that the New
occipital ventricle entry point for catheter placement
via posterior ventricular approach in patients with
symmetrical hydrocephalus is 4 centimeters above
the inion and 6 centimeters lateral from the midline.
A more proper entry point and trajectory might be
achieved with better neuronavigational software. Our
results also need to be evaluated with clinical trials

in real patients.
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Abstract

A case report: Cerebrospinal Fluid Diversion in Idiopathic Intracranial Hypertension after
COVID-19 Infection

Sunthorn Kittichet, MD, Teerapol Vittivej, MD
Division of Neurosurgery, Department of Surgery, Faculty of Medicine Siriraj Hospital, Mahidol University,
Bangkok

Idiopathic intracranial hypertension or Pseudotumor cerebri is a disorder related to high pressure within
the skull caused by abnormal absorption or production of cerebrospinal fluid. Patients usually present with
symptoms of headache and blur vision and physical examination shows papilledema and sixth nerve palsy.
There are some case reports about COVID-19 and idiopathic intracranial hypertension, COVID-19 can cause
systemic inflammation lead to hypercoagulable state and cause venous thrombosis. Venous thrombosis ob-
structs brain parenchymal drainage and cause high pressure within brain parenchyma. For diagnosis criteria
of idiopathic intracranial hypertension, lumbar puncture is performed. If intracranial pressure is greater than
250 cmH20 and normal CSF profile was acquired, the idiopathic intracranial hypertension is diagnosed.
Treatment in idiopathic intracranial hypertension start with life style modification and medical treatment.
Surgical treatment such as CSF diversion is selected for patient who failed conservative treatment of rapidly
progress in symptoms. The treatment of this idiopathic intracranial hypertension patient with COVID-19 is
similar to the other patients.

Keywords: |diopathic intracranial hypertension; increased intracranial pressure; cerebrospinal

fluid diversion; venous sinus thrombosis; COVID-19
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