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ABSTRACT

Background: Sevoflurane unfortunately increases the cranial blood flow, blood volume, and
pressure changes cope with cerebral aneurysmal neuroanesthesia goals. Propofol decreases
the brain metabolism, blood flow, preserve cerebral reactivity to carbon dioxide, creates
neuroprotective effect during cerebral ischemia.

Hypothesis: Propofol-based total intravenous anesthesia would be more appropriate than
sevoflurane-based inhalational technique during surgical clipping of cerebral aneurysm.
Methods: A prospective, randomized, comparative study on 50 patients subjected for elective
clipping of cerebral aneurysm, randomly allocated into two equal groups of 25 patients each:
propofol-dormicum total intravenous only group and sevoflurane based inhalational group.
Results: Jugular oxygen saturation (primary outcome), cerebral blood flow equivalent, heart
rate, mean arterial blood pressure, and end tidal carbon dioxide tension were statistically
significantly decreased in propofol group compared to sevoflurane group at basal, just after
dura opening, at 1,2,3 hours later, and after scalp closure. Arterio-Jugular oxygen content
difference, cerebral extraction ratio of O,, estimated cerebral metabolic rate for O, serum
lactate (mg/dl) showed significant increase in propofol group compared to sevoflurane group
at basal, 1, 2, 3 h, and after scalp closure. Duration of surgery, time of recovery, blood loss,
blood transfusion, intraoperative complications, urine output, total midazolam consumption,
surgeon satisfaction, intensive care unit stay time, and Ramsay sedation scale difference was
not significant in between both studied groups during the early postoperative period.
Conclusion: Propofol based total intravenous anesthesia has better cerebral oxygenation
and neuro anesthesia profile compared to sevoflurane-based inhalational anesthesia during
cerebral aneurysm clipping surgery with systemic hemodynamic stability.
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Introduction: Subarachnoid hemorrhage (SAH) leads
to cerebrovascular vasospasm, cerebral irritation, high
intracranial pressure (ICP) and re-bleed [1]
Complications result in disability and even death.
Anesthesia Goals are stable systemic pressure and
ICP, thereby adequate cerebral perfusion pressure
(CPP), optimal oxygenation, normocarpia, and nor-
mothermia. Recovery and postoperative complication;
hypertension, coughing, and ventilator asynchrony
increase the chances of postoperative cerebral hema-
toma and edema. Fully awake recovery allows accurate
neurological examination [2].

Cerebral metabolism goes in parallel to cerebral
blood flow (CBF) “flow metabolism coupling” [3].
Increasing cerebral PaCO, level causes vasodilatation
and increases CBF. Decrease in CBF occurs during
hypocapnia [4]. Decreased arterial Oxygen tension
(Pa0,) below 50 mmHg cerebral vasodilatation occur
and CBF increases. When arterial Oxygen tension
(Pa02) decreases below 50 mmHg, cerebral vasodilata-
tion occurs and CBF increases. The combination of
arterial  hypoxemia and  hypercarbia  exerts
a synergistic effect, with an increase in CBF that
exceeds the increase that would be produced by either
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factor alone [5]. Oxygen delivery (DO,) = CBF x arterial
Oxygen content (Ca0,). If DO, decreases the O, extrac-
tion ratio increases consequently the jugular venous
oxygen saturation (S5jO,) will decrease results in reflex
cerebral VD thus, CBF increases to improve the oxygen
delivery [6].

Jugular venous oxygen saturation (SjO,) values
range from 55% to 70% [6]. As long as CMRO, and
hemoglobin concentration remains relatively constant.
The difference between arterial oxygen saturation
(Sa0,) and SjO, will reflect CBF changes [7]. If CMRO,
increases not associated with CBF elevation, the
arterio-jugular oxygen content difference (CaO,- jO,)
will increases concomitantly with cerebral oxygen
extraction (CEO,). Oxygen content and saturation of
the cerebral venous blood decreases, hence the SjO, is
an indicator of cerebral oxygen demand [6].

Sevoflurane volatile anesthetic increases CBF, CBV,
and ICP an effects which don’t cope with cerebral
aneurysmal neuroanesthesia goals. Propofol IV anes-
thetic decreases cerebral metabolism, CBF and pre-
serves the CO, cerebral reactivity [8,9]. Propofol
neuroprotective effect decreases the conductance of
the voltage-activated sodium channel at the clinical
range concentrations [10]. Propofol combination with
midazolam 15 min prior to ischemia decreases the
neuronal damage induced by forebrain ischemia via
GABAA-receptor-Cl2 channel complex in the brain [11].

Hypothesis: High quality evidence regarding propofol
or sevoflurane anesthesia in cerebral oxygenation dur-
ing cerebral aneurysmal clipping is still lacking [12]. In
this present study; we hypothesized that propofol-
midazolam based total intravenous anesthetics (TIVA)
has more appropriate effect on cerebral oxygenation
and metabolism than Sevoflurane based inhalational
anesthesia and guarantee stable intraoperative hemo-
dynamics and early smooth recovery in patients under-
going clipping of cerebral aneurysm.

Aim of the work: To evaluate the global cerebral
oxygenation, cerebral hemodynamics as well as the
systemic hemodynamic changes using propofol-
midazolam-based total intravenous anesthetics
(TIVA) in comparison with sevoflurane based inhala-
tional anesthesia in clipping of cerebral aneurysm.

1. Material and methods

This prospective, randomized, comparative study car-
ried out in the department of anesthesia Mansoura
university hospital after Institutional research board
(IRB) registration with a reference number
(MD /17.08.07 on 14/8/2017) and clinical trials.gov/
registration code of NCT 03778723 on 16/12/2018.
This present study included fifty patients ASA I-lI,
of both gender and the aged 20 to 60 years old in the

neurosurgery department subjected for elective clip-
ping of cerebral aneurysm with fisher grading scale
(1-3) [13]. Patients with Glasgow coma scale score
above 12 [14].

Exclusion criteria: ASA physical status > Il or GCS
<12, morbid obese patients, if sitting or prone position
is a prerequisite for the surgery. Severe or uncompen-
sated cardiovascular, renal, hepatic or endocrinal dis-
eases, pregnancy, postpartum or lactating females,
allergy to one of the drugs used, and lastly patient or
his family refusal to sign the consent all were
excluded from this present study.

Fifty-six patients were enrolled and assessed for
eligibility, of which four patient’s family didn't accept
to be a part of the study, and two other patients
showed rapid deterioration the night before surgery
(increased intracranial pressure) which necessitated
emergency external ventricular drainage (EVD).
Remaining 50 patients were randomly allocated by
a computer-generated randomization table, and
group assignments were concealed in sealed opaque
envelopes into 2 equal groups; 25 patients each
according to the maintenance technique of anesthesia:
TIVA group (group P) and inhalational group (group S)
[consort flow diagram (Figure 1)1.

A day before surgery a signed informed written
consent was obtained from the patient himself -if he
can sign the consent- or from his 1°* degree relatives
(father, mother son, husband or wife), full medical
history, clinical examination for manifestation of
increased intracranial tension (ICP), GCS, Fisher grad-
ing, electrocardiogram (ECG) and full laboratory inves-
tigations including; complete blood picture (CBQ),
hepatic function tests, plasma creatinine, random
blood glucose, prothrombin time and activity and
INR. Patient fasting started 8 h prior surgery for solids
and semisolids and 2 h for water.

The day of surgery; on arrival to the pre-anesthesia
room, all patients were placed in supine position then
a wide bore (18 G) intravenous cannula was inserted
and 5 ml/kg of normal saline was infused. Prior induc-
tion of anesthesia by 10 min, all patients were received
IV midazolam 0.05 mg/kg (Midathetic 5 mg/ml) and
1.5-2 pg/kg fentanyl while monitoring all vital para-
meters; noninvasive blood pressure (NIBP), pulse oxi-
meter, and ECG.

Anesthesia induction& endotracheal intubation:
According to the patient randomization, after mask
preoxygenation with 100% O, in TIVA group for
3-5 min, then IV bolus dose of 2 mg/kg Propofol
(Propofol 1% Fresenius), and IV bolus dose of 0.5 mg/
kg Atracurium muscle relaxant, then tracheal intuba-
tion was done with the appropriate sized cuffed endo-
tracheal tube(female 7-7.5 mm & male 7.5-8 mm), in
inhalational group; just before anesthesia induction,
the face mask was removed and the circuit placed
firmly against the bed linen with an open “pop-off”
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Figure 1. Consort flow diagram. Figure Legend: Consort flow diagram, patients assessed for eligibility to participate in this work
were 56, four patients didn’t accept to be a part of the study, and two other patients showed rapid deterioration the night before
surgery (increased intracranial pressure) which necessitated emergency external ventricular drainage (EVD). The remaining 50
patients were randomly divided into two equal groups; group P (Total Intravenous group, n;25) and group S (Inhalation group,
n;25). The outcome measures were obtained from the 50 patients and data were analyzed.

valve. The free gas flow of anesthesia machine was
adjusted at 6 L/min oxygen, maximum sevoflurane
(SEVOrane Abbott) delivery by adjusting the vaporizer
at 8%. After reservoir bag evacuation and refilling 30-
sec period of circuit priming, the patient was informed
that sevoflurane has a definite pleasant odor that
would not be irritant or annoying to his breathe.
After ordering the patient to do forced exhalation,
a tight face rubber mask over the mouth and nose
(to residual volume) was placed then the patient was
asked to take three maximum (vital capacity) breaths
as previously learned that can be repeated as needed
till loss of consciousness (tested by loss of lash& cor-
neal reflex using a piece of cotton), then IV bolus dose
of 2mic fentanyl plus IV bolus dose of 0.5 mg/kg atra-
curium (Atrabesylate 50 mg/5 ml) muscle relaxant,
then tracheal intubation was done with the appropri-
ate sized cuffed endotracheal tube(female 7-7.5 mm &
male 7.5-8 mm).

Anesthesia Maintenance: Immediately after induc-
tion; TIVA group; using two syringe pump (B Braun
syringe pump) one for propofol IV infusion
(1.5-2 mg/kg/h using 50 ml syringe containing 50 ml
Propofol 1% Fresenius) and the other pump for
0.12 mg/kg/h infusion midazolam (Midathetic 5 mg/
ml). Inhalational group; sevoflurane 2-2.5%.

Both of the study groups were given repeated
Fentanyl boluses of 50p when needed (heart rate or
mean arterial blood pressure increase more than 20%
of the basal value). Atracurium was administered in
both groups in incremental doses of 0.1 mg/kg, every
20 minutes to facilitate muscle relaxation and mechan-
ical ventilation using volume-controlled mode utilizing
Oxygen 30% in air mixture. Minute volume was mod-
ified to keep PgrCO, around 35 mmHg. Warm saline
0.9% and lactated ringers in equal volumes were
infused to keep CVP around 5 mmHg. Blood was trans-
fused aiming to keep Hb=10 gm/dl and/or Hct around
30%. Mannitol (20%) 0.5-1 gm/kg during craniotomy,
via central line, the whole mannitol volume was
infused over 20 minutes.

Cannulation and Catheterization: Immediately
after intubation, and under complete aseptic condi-
tions; A)-The non-dominant hand radial artery (after
modified Allen’s test) was cannulated using 20 G arter-
ial catheter. B)-The right subclavian vein was cannu-
lated with the suitable catheter then position
confirmatory chest X-Ray was done. C)-The right inter-
nal jugular vein was cannulated using retrograde tech-
nique the Jugular bulb catheterization with
confirmation of the catheter tip position using X-Ray
(C-arm), at cricoid cartilage level while the patient head
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is neutral in the supine position, using Seldinger tech-
nique the right internal jugular vein was cannulated in
the cephalic direction, the catheter through introducer
to the jugular bulb, approximately at the mastoid pro-
cess level [15]. Extra cerebral blood mixing was pre-
vented by strict catheter positioning as close to the
jugular bulb roof as possible, catheter tip correct pla-
cement was confirmed by neck X ray. Lateral x ray film,
the catheter tip should be above the disc of C1/C2 and
tightly at skull base. Antoposterior view, catheter tip
should lie between; atlanto-occipital joint space (Bi-
mastoid level) cranially and the lower orbital margin
level caudally. Reversal of the muscle relaxant effect:
IV mixture of Neostigmine 0.05 mg/kg with Atropine
0.02 mg/kg was given to the patient at end of opera-
tion, then the endotracheal tube was removed and
patient was transferred to neurosurgical intensive care.

2. Monitoring and sampling

2.1. Primary outcome: Jugular venous oxygen
saturation (SjO5)

2.1.1. Secondary outcomes

Hemodynamics and O, parameters: HR, NIBP, SpO,
(pulse oximetry), PetCO, and CVP were monitored con-
tinuously and recorded just after intubation, then each
30 min. intraoperatively till 240-min surgical time.

Brain oedema score (subjective surgeon score):
Brain relaxation noticed by surgeon was recorded at
time of dural opening a grade of 1-3 [Grade 1: denot-
ing brain bulging above the level of craniotomy, Grade
2: brain is at the level of craniotomy, Grade 3: brain is
below the level of craniotomy].

Blood sampling for laboratory assessment:
simultaneous radial artery and jugular bulb samples.
For: arterial (blood gases analysis) (AVL, Compact3,
rouch), Hb level and Hct (SysmexKX-21, rouch), serum
lactate and Na+ & K+ Time: immediately after cannula-
tion (basal), after opening dura, then after 1 h, After
scalp closure.

3. Calculated parameter

1-Estimated cerebral metabolic rate for O, (¢“MR°2*

[(Ca.0,-JO,) x Pa.CO,)/100, CaO5 = (Sa.0;, x Hb. x 1.34)
+(0.003 x Pa. 0,), €}y.02 = (5;, 0, x Hb x 1.34) + (0.003
x Py.0,), Pa.CO, (arterial CO, tension). [16]

2-Cerebral, extraction ratio of 02 (€& ©2" Sa0, -
SjvO,.

3-Cerebral Blood Flow equivalent (CBFe): 1/[Ca0,
- CjvO], flow/metabolism index reciprocal of Arterio-
jugular O, content difference. [17]

Other recorded parameters: Duration of surgery,
urine output, blood loss volume, blood transfusion,
total consumption of opioids intra operative, recovery
time: (time from cessation of anesthetic infusion and

the ability of self-oxygenation and ventilation) and
surgeon satisfaction (poor, fair, good). Fisher grading
scale; Grade 1: No bleeding, Grade 2: Thin or diffuse
blood layer below 1 mm thickness, Grade 3: blood layer
over 1 mm thickness in the vertical plane, Grade 4:
Intra-cerebral or intra-ventricular clots diffuse or with-
out basal cisterns bleeding].

Postoperative Parameters: Ramsay sedation
score every 5 minutes after extubation till shifting to
ICU unit [18]. All patients were admitted to neurosur-
gical ICU minimum for 24 h of monitoring and follow
up and postoperative complications recording.

Sample size calculation: Based on a pilot study
done on 6 patients, calculation of this study power was
done using G. Power program (3.0.10). A priory analysis
with one-tailed t test for difference between two inde-
pendent means as a statistical test with the difference
between the SjvO2 as the primary outcome. The effect
size was calculated as 1.02 (large effect size), a error
was 0.05 and power (1-B error) of 0.95 was used. The
resulted a total sample size was 44 patients (22 per
group). To compensate for dropouts and deviation
from normality, 50 patients were enrolled and 25
patients for each group.

Statistical Analysis: Using SPSS windows pro-
gram (statistical package for social scientists) version
21. The continuous data normality was judged with
Kolmogorov-smirnov test. Chi-square or fisher exact
test was used to test qualitative data represented in
number and percent. Continuous variables were
expressed in mean and SD (standard deviation)
while the categorical one were presented as median
and range. Unpaired student t test (for parametric)
and mann whitney test (for non-parametric) were
applied for intergroup comparison. For intragroup
comparisons the paired student-t-test was used for
comparison of the first result (basal) in each group
with the other 3 results, pairwise, in jugular oxygen
saturation, and the other calculated cerebral para-

meters. Statistical differences showing
P (probability) value, <0.05, was recorded as
significant.
4. Results

Patients demographic data showed no significant
differences in between both groups (Table 1).

As regard systemic hemodynamics as regard
heart rate (Figure 2), mean arterial blood pressure and
PerCO, (Table 2) showed statistically significant
decrease in (P) group compared to (S) group, however,
SpO, (Table 2) and CVP (Figure 3) showed no signifi-
cant difference in between both groups.

Jugular oxygen saturation (SjO,) [primary out-
come] showed significant decrease in propofol group
compared to sevoflurane group at basal (after cannu-
lation), just after dura opening, at 1,2,3 h later, and




Table 1. Patients characteristics.

Group (P) Group (S)
Variable N;25 N;25 P-value
Age (years) 54.00 + 494 51.92 +5.09 0.149
ASA | 13(52.0%) 16(64%) 0.390
I 12(48%) 9(36%)
BMI 3092 £ 264 3080+ 3.06 0.883
Gender Male 16 (64%) 17(68.0%) 0.765
Female 9 (36%) 8 (32.0%)
GCS 14 0(0%) 2(8%) 0.149
15 25(100%) 23(92%)
Fischer grade 1 4(16%) 5(20%) 0.5
[} 9(36%) 11(44%)
1] 12(48%) 9(36%)
Preoperative Hb (gm/dI) 1293 +1.35 13.16 £ 1.63 0.599

-This table shows the study patient demographic data, fisher grade of
subarachnoid bleed, basal hemoglobin level, and GCS: Glasgow coma
scale level of consciousness.

-Data expressed in Mean + SD or number and %.

-Group P; total intravenous group, Group S; Sevoflurane group, N; number,
HB; hemoglobin, gm/dl; gram per deciliter, BMI: Body Mass Index. ASA:
American Society of Anesthesiologists. GCS: Glasgow coma scale.

after scalp closure. p value 0.041, 0.049, 0.038, 0.005,
0.004, respectively. (Table 3)

Arterio-Jugular oxygen content difference
(Ca02-j02) showed significant increase in propofol
group compared to sevoflurane group at basal (after
cannulation), 1, 2, 3 h and after scalp closure with
(Table 3).

Cerebral blood flow equivalent (CBFe) was signif-
icantly decreased propofol group compared to sevo-
flurane group at basal (after cannulation), after 1,2,3 h
and after scalp closure P: <0.05 (Table 4).

Serum lactate (mg/dl) showed statistically signifi-
cant increased values in group. (P) compared to group.
(S) at 1, 2, 3 h and after scalp closure and significant
increase compared to basal values at 1&2 h after
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cannulation in group (P) and at 1, 2 h and after scalp
closure group (S). P: <0.05 (Table 4).

Estimated cerebral metabolic rate for O,
(eCMRO,;) showed significant increase in group pro-
pofol compared to group sevoflurane during the
whole study period. Group (P) was highly significantly
increased compared to basal value later at scalp clo-
sure. Group (S) showed highly significantly increased
compared to basal value after 1 h, and after scalp
closure, P: <0.05, (Table 4).

Cerebral extraction ratio of O, (CEO,%) showed
significant increase in group. (P) compared to group.
(S) at basal (after cannulation), after dura opening, 1,2,3
h later, and after scalp closure. P: <0.05, (Table 5).

As regard; duration of surgery (min), time of recov-
ery (min), blood loss (ml), blood transfusion (ml),
intraoperative complications (hypertension& arrhyth-
mia), urine output (UOP) (ml), total intraoperative fen-
tanyl dose (ug), surgeon satisfaction, ICU stay time
(hours), and Ramsay sedation scale difference was not
significant in between both studied groups during the
early postoperative period as shown in (Table 6).

5. Discussion

Anesthesia goals in intracranial surgery include keep-
ing adequate CPP to avoid cerebral ischemia, mainte-
nance of; hemodynamic stability, cerebral metabolism,
and cerebral oxygenation cerebral blood flow, in asso-
ciation with reduction of intracranial tension targeting
optimal surgical circumstances (slack brain), as well as
early emergence. [19] No adequate research work
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Figure 2. Heart rate. Figure Legend: This figure shows Heart rate (HR) with significant decrease in (P) group compared to (S)
group in the two studied groups. Group P = Propofol group. Group S = Sevoflurane group.
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Table 2. Peripheral oxygen saturation (Sp02), mean arterial blood pressure, end tidal carbon dioxide.

Basal A. Intu. 30 m 60 m 90 m 120 m 150 m 180 m 210 m After scalp closure
SPO2 98.22+ 98.86+ 98.76+ 98.85+ 98.52+ 98.00+ 98.36+ 98.16+ 98.16+ 98.12+
G.P 0.92 0.69 0.66 0.73 1.26 0.81 0.75 1.02 0.80 0.66
G.S 98.34+ 99.04+ 98.51+ 98.95+ 98.93+ 98.38+ 98.16+ 98.32+ 98.20+ 97.96+
P. value 0.89 0.54 0.86 0.60 0.63 1.08 0.80 0.69 0.81 0.73

0.666 0.314 0.252 0.587 0.158 0.163 0.368 0.522 0.862 0.424
MAP 103.05+  93.15% 82.31+ 74.09+ 70.15+ 66.32+ 64.93+ 65.60+ 70.65 79.80+
G.P 5.22 4.48 3.34 4.09 3.40 6.21 3.43* 5.85% +3.37% 7.21*
G.S 103.08+  96.33% 86.04+ 81.96+ 78.64+ 77.56+ 76.00+ 71.96+ 74.56+ 84.76+
P. value 3.48 4.22 417 4.18 4.29 4.56 4.69 3.89 5.0 5.13

0.983 0.013* <0.001*  <0.001*  <0.001*  <0.001*  <0.001*  <0.001* 0.002* 0.008*
PEtCO2 - 35.92+ 34.36+ 33.64+ 32.24+ 32.36+ 32.16+ 32.04+ 33.80+ 36.76+
G.P 1.86 0.51 0.50 0.74 0.50 1.06 1.01 0.95 1.05
G.S - 37.00+ 35.00+ 34.24+ 32.88+ 34.88+ 33.12+ 33.20+ 34.44+ 37.21+
P. value 0.00 0.00 0.83 0.60 1.50 1.61 1.35 1.19 0.99

- 0.006* 0.038* 0.010* 0.003* <0.001* 0.016* <0.001* 0.042* 0.129

-Table Legend: This table shows; Peripheral oxygen saturation (SpO2), mean arterial blood pressure (MAP) in mm/hg; end tidal carbon dioxide (PETCO2) in
mmHg. Data expressed as Mean £SD. Group P; total intravenous group. Group S; Sevoflurane inhalational group. N; number, A. Intu; At
intubation, m; minute. *: Statistically significant p < 0.05, when compared with the other group.
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Figure 3. Central venous pressure (CVP). Figure Legend: This figure shows central venous pressure (CVP) with no significant
difference in between both groups. Group P = Propofol group. Group S = Sevoflurane group

validates a strong evidence of recommendation of
a particular anesthetic approach as regard anesthesia
for clipping of cerebral aneurysm.

As regard results of this present study; cerebral
blood flow equivalent, jugular oxygen saturation,
serum lactate, systemic hemodynamics (MAP, HR and
PETCO,); showed significant decrease in propofol-
based IV anesthesia technique compared to sevoflur-
ane based inhalational anesthesia. On the other hand;
estimated cerebral metabolic rate for O,, cerebral
extraction ratio of O,, were significantly decreased
with sevoflurane more than propofol-based anesthe-
sia. Duration of surgery (min), time of recovery (min),
blood loss (ml), blood transfusion (ml), intraoperative
complications (hypertension& arrhythmia), urine out-
put (UOP) (ml), total midazolam consumption (mg),
surgeon satisfaction, ICU stay time (hours), and
Ramsay sedation scale; all these variables were not

significant in between both studied groups during
the early postoperative period.

The choice of the anesthetic agents whether intra-
venous (TIVA) or inhalational in craniotomies has been
always a matter of significant debates [17,20].

This present study TIVA group (P) compared to
Inhalational group(S) showed; significantly decreased
systemic hemodynamics (HR, MAP, and PETCO2) which
can be attributed to one of two or both explanation;
The 1% is the negative inotropic& chronotropic effects
of Propofol itself. In line with our result explanation,
Hino etal.,2019 [21] who advised superiority of
Thiopental over Propofol for avoiding hypotension
during GA induction. Contrary to our hemodynamic
results, Lauta E etal 2010 [22] reported no significant
hemodynamic differences with either propofol or
sevoflurane. Far in opposition to our hemodynamic
results, Bastola et al. 2015 [23] also Citerio et al.




Table 3. Jugular Oxygen saturation and the arterio-jugular
oxygen content difference.

Group (P) Group (S)
Variables N;25 N;25 p-value
Sjo2 After 68.28 + 8.67* 7219 +295 0.041
Cannulation
1h 67.96 £ 9.67*% 7227 + 454 0.049
2h 66.40 + 8.53* 71.20+7.29 0.038
3h 65.63 + 8.75% 71.26 +3.50 0.005
After scalp 65.02 + 8.82* 71.40 +£3.69 0.004
Closure

Ca02- After cannulation 592 + 1.71* 496 +0.82 0.015
jo2 After 1 h 598 + 1.78%* 5.07+1.11 0.036

After 2 h 6.21 £153* 510141 0.011
After 3 h 6.31 £ 155% 516+0.88 0.003
After scalp 641 £1.62* 508=0.75 0.001

closure (p = 0.043)t

- This Table Shows: Jugular oxygen saturation (5j02) (%) and the Arterio-
Jugular oxygen content difference (Ca02-j02) in the two studied
groups, -Data expressed as Mean + SD.

-Group P; total intravenous group, Group S; inhalational group, N; number.

-*: Statistically significant p < 0.05, when compared with the other group.

-t: Statistically significant p < 0.05, when compared with the first result
(after Cannulation) in the same group.

2012 [24] reported lower arterial blood pressure with
sevoflurane-based anesthesia compared with propo-
fol-based anesthesia.

The 2™ explanation of the persistent significantly
decreased hemodynamics during the whole study per-
iod in propofol group compared to Sevoflurane inhala-
tional group; addition of midazolam infusion to
propofol regimen in TIVA group which would
potentiate and maintain the direct cardiac depressant
effect of Propofol. Yang Gao et al., 2017 [25] sup-
ported this explanation that midazolam can reduce
the adrenergic but not affect renin or cortisol response
to surgical stress, leading to systemic vascular resis-
tance drop specially where it is already high as in
hypertensive patients and those emotionally stressed
prior to surgery.

Anesthetic regimen used for neuroanesthesia in
addition to hemodynamic stability, should maintain
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CBF and reduce CMR without affecting autoregulation
and cerebral blood flow/metabolism coupling [26].

The primary outcome of this present study; Jugular
venous bulb oxygen saturation (SjO;), clearly
reflects [CBF/CMR.O,] ratio is an accurate method to
detect CBF adequacy for cerebral metabolism [27]. In
this present study, SjO, and consequently CBFe
(1/Ca0,- SjO,) were significantly decreased in the
group (P) compared to (S) group. These finding indi-
cate that both regimens of anesthesia; (TIVA and inha-
lational techniques) kept the balance between cerebral
blood flow and cerebral metabolism, while the higher
values in group (S) indicates limited increased flow or
reduced cerebral metabolism compared to group (P).

Propofol-induced reduction of SjO, was reported by
Liao et al.,, 2010 [28] who compared the effect of
propofol/remifentanil versus sevoflurane anesthesia.
Absence of SjO, intragroup differences compared to
basal values confirm stability of the flow/metabolism
balance during both propofol and sevoflurane-based
anesthesia, while the higher values in propofol group
compared with sevoflurane group indicates limited
decrease in flow or increase in metabolism.

Cerebral oxygen extraction (CEO,- SaO, - SjvO,)
judges the adequacy of cerebral blood flow to supply
the brain metabolic needs. Flow reduction or metabo-
lism augmentation would reduce SjVO2 and conse-
quently increase CEO, value. In this present study,
CEO, was significantly increased during propofol-
based IV anesthesia compared to sevoflurane-based
inhalational anesthesia, a result goes parallel to Liao
et al.,, 2010 [28]. As regard the Estimated cerebral
metabolic rate 02 (eCMRO2) = [(Ca.0,-Jo,) x Pa.CO,)
/100, Holmstréom and colleague 2005 [29] reported
that cerebral vasodilation effect of Sevoflurane is the
least among other inhalation anesthetics. Conti et al,
2006 [30] documented that Sevoflurane has a dose-
dependent cerebral vasodilation and leads to dose-

Table 4. Cerebral blood flow equivalent (CBFe) & Serum Lactate (mg/DL).

CBFe &
Serum Lactate (mg/DL) Group (P) N;25 Group (S) N;25 p-value
CBFe After 0.18 + 0.04* 0.21 £ 0.03 0.039
Cannulation
After 1h 0.18 £ 0.06 0.21 £ 0.05 0.167
After 2 h 0.17 £.0.04* 0.20 £ 0.04 0.008
After 3 h 0.16 + 0.04* 0.19 £ 0.03 0.009
After scalp 0.16 £ 0.05* 0.20 + 0.03 0.003
Closure
Serum Lactate After Cannulation 14.03 £ .1.61 16.94 £ 1.42 0.061
After 1 h 15.45 £ 1.57* 20.42 £ 948 0.013
1 (p = 0.001) 1 (p = 0.001)
After 2 h 15.16 + 2.08* 19.40 + 8.84 0.024
1 (p = 0.015) 1 (p = 0.001)
After 3 h 11.30 + 1.84* 17.68 + 10.76 0.005
After scalp Closure 13.60 + 1.84* 19.08 + 10.76 0.016
t (p = 0.001)

- This table shows; Cerebral blood flow equivalent (CBFe) & Serum Lactate (mg/DL).

-Data expressed as Mean + SD. CBFe; Cerebral blood flow equivalent (flow/metabolism Index) -Group P; total intravenous group, Group S; inhalational
group, N; number. Mg/dl; milligram per deciliter. *: Statistically significant p < 0.05, when compared with the other group, t: Statistically significant
p < 0.05, when compared with the first result (after Cannulation) in the same group.
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Table 5. Cerebral extraction ratio of oxygen (CEO2) & Estimated cerebral metabolic rate for oxygen (eCMRO2) [ml/100 g/min].

Variables Group (P)n = 25 Group (S) n = 25 p-value
CEO2 After Cannulation 31.45 + 8.60*% 26.51 £ 2.85 0.011
After 1 h 31.64 + 9.84* 26.62 + 4.73 0.028
After 2 h 33.21 + 8.71* 27.40 £ 7.55 0.015
After 3 h 33.79 £ 8.92*% 27.34 + 3.87 0.002
After scalp closure 33.97 £ 8.79*% 2736 £+ 3.52 0.001
eCMRO2 After Cannulation 2.01 + 0.63* 1.68 £ 0.28 0.021
After 1 h 2.05 £ 0.60* 1.76 £ 0.32 0.038
(p = 0.014)t
After 2 h 2.07 £ 0.31* 1.71 £ 041 0.001
After 3 h 2.06 + 0.32*% 174 £ 0.2 0.001
After scalp closure 2.34 + 0.66* 1.95 £ 0.31 0.013
(p = 0.002)t (p = 0.001)t

Table legend: This table shows; Cerebral extraction ratio of oxygen (CEO2) and Estimated cerebral metabolic rate for oxygen (€CMRO2) [ml/100 g/min] in

in both of the study groups.

Data expressed as Mean +SD. Group P = Propofol group, Group S = Sevoflurane group, n = number. *: Statistically significant p < 0.05, when compared

with the other group.

: Statistically significant p < 0.05, when compared with the first result (after cannulation) in the same group.

Table 6. Surgical information and ICU stay time.

Variable Group (P) N;25 Group (S) N;25 p-value
Duration of surgery (min) 155.20 + 30.56 164.40 + 28.73 0.278
Time of recovery (min) 13.80 + 3.89 13.40 £ 3.13 0.691
Blood loss (ml) 950.00 + 637.05 820.95 + 244.94 0.346
Blood transfusion (ml) 350(0-1350) 350(0-700) 0.456
Intraoperative complications: 2(2/25) 3(3/25) 1.00
Hypertension 1(1/25) 2(2/25) 1.00
Arrhythmia
Urine output (UOP) (ml) 1972.00 + 767.31 1620.00 + 717.05 0.100
Total intraoperative fentanyl dose pg 140.00 + 43.30 150.00 + 47.87 0.442
Surgeon satisfaction 3(1-3) 2 (1-3) 0.149
ICU stay time (hours) 21.76 + 2.36 22.72 + 6.89 0.513
After extubation 5(3-6) 5(2-6) 0.579
Ramsey sedation scale After 5 min 4 (2-6) 3(2-6) 0.157
After 10 min 4(2-5) 3(2-6) 0.148
After 15 min 3(2-5) 3(2-6) 0.156
After 20 min 3(2-4) 3(2-5) 0.660
After 25 min 2(2-4) 2(2-5) 0.710
Before ICU transport 22 -3) 2 (2-4) 0.642

- This table shows no significant difference in between groups as regard variables surgical information and ICU stay time.

-Data expressed as Mean + SD and surgeon satisfaction as median (min-max).

-Group P; total intravenous group. Group S; inhalational group, n; number, ICU; intensive car unite, mg; milligram, min; minute, ml; milliliter, mg; milligram,

Mg = microgram.

related increase in cerebral blood flow combined with
its depressive effect on CMRO,, a fact goes in line with
our results that revealed reduced CEO, and CMRO, in
Sevoflurane inhalational anesthesia compared to pro-
pofol- based TIVA regimen, this could be explained by
the higher depressive sevoflurane effect exerted on
cerebral O, tissue extraction leading to increases jugu-
lar venous O2 content and in turn reduces the
eCMRO2, finding coincides with Molnar et al., 2007
[31] results included decline in cerebral metabolism
with sevoflurane based inhalational anesthesia.

As regard CBF and CMRO, relationship; In the pre-
sent study, propofol showed inverse proportion signif-
icantly decreased CBF while CMRO, was significantly
increased (both within the normal levels values) when
compared to the sevoflurane inhalational group.
Intragroup analysis of the propofol group showed
CBF stability all through the study period, this can be
explained by the fact that propofol reduces CBF 17%
by both cerebral vasoconstriction and suppresses
CMRO,. Propofol cerebro-vascular vasoconstriction

and cerebral metabolic suppression effects relation-
ship is still unclear; some studies have reported equiv-
alency [32] and others long time back have reported
the dominance of vasoconstriction [33]. On the other
hand, as regard sevoflurane anesthesia-at a level of
one MAC sevoflurane dose- Grathwohl K.W et al.,
2008 [34] reported a balance between the reduction
in CMR and the increase in CBF while at MAC concen-
tration over 1, and in parallel to our results, CBF
increases and CMR value doesn’t change, in normal
intracranial compliance the effect of sevoflurane on
brain hemodynamics is trivial, so TIVA is more pre-
ferred in patients with unstable ICP or large lesions
where disturbed flow/metabolism ratio occurs.
One year later Matchett G.A et al., 2009 [35] docu-
mented that Sevoflurane have GABA receptors agonis-
tic effect, NMDA receptors antagonism, and glutamate
reduction, results explained the sevoflurane CMR
depressive effect while its regulation of nitric oxide
synthetase production, and dose-dependent cerebral
autoregulation effect can explain the augmented CBF



in our study in sevoflurane group compared to
propofol.

Rapid emergence from anesthesia is an essential
goal in neuroanesthesia to allow early discovery of
any neurological insults such as hematoma, cerebral
herniation or cerebrovascular ischemia. In this present
study, recovery times from anesthesia showed no sig-
nificant difference in the two studied groups, in this
study. These findings were confirmed by previous stu-
dies [22,26] comparing propofol TIVA and inhalation
anesthesia. On contrary to these results, Castagnini
et al., 2004 [36] compared sevoflurane 1 to 3% with
60% nitrous oxide (N,O) in oxygen (O,), to propofol
infusion dosing range of 4-10 mgkg [1]-hr[1], he
concluded that propofol has a relatively longer recov-
ery period compared to sevoflurane based anesthesia
and explained this with higher dose of propofol used
which is still very high dose compared to the dose
used in this present study.

Other tabulated variables, which may affect or indi-
cate changes of neuroanesthesia profile, showed no
significant differences between both of the present
study groups. Duration of surgery (min), time of recov-
ery (min), blood loss (ml), blood transfusion (ml),
intraoperative complications (hypertension& arrhyth-
mia), urine output (UOP) (ml), total intraoperative fen-
tanyl dose (ug), surgeon satisfaction, ICU stay time
(hours), and Ramsay sedation scale difference was not
significant in between both studied groups during the
early postoperative period as shown in (Table 6).

Conclusion: Propofol based TIVA has better neu-
roanesthesia profile, better cerebral oxygenation
profile (lower Jugular oxygen saturation not only
due to improved cerebral metabolic rate for oxygen
but also improved cerebral extraction ratio of oxy-
gen and wider arterio-jugular oxygen content dif-
ference), compared to Sevoflurane-based
Inhalational anesthesia which improved Cerebral
blood flow statistically during cerebral aneurysm
clipping surgery both techniques guarantee sys-
temic hemodynamic stability.

6. Limitations of the study

-Sitting and prone positions were excluded from this
study. These positions are the most commonly accom-
panied with hemodynamic and ventilatory changes.
These positions are really in need for careful choice
and tailoring of the anesthetic regimen.

-Regaining cognitive functions and late post-
operative complications were not examined in depth
in this present study.

- Unavailability of bispectral index tool.

- Future studies should be designed to exclude the
previous limitations.
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