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Abstract

Background: It is well demonstrated that awake surgery for brain tumours is the gold standard to achieve the
maximal safe resection. On the other hand, many surgeons prefer general anesthesia in order to avoid useless
stress for patients. The aim of our paper is to investigate if there are clinical and biochemical findings demonstrating
a different stress level in patients who underwent awake craniotomy compared to those who underwent totally
asleep surgery.

Methods: We compared our awake craniotomy series performed with conscious sedation using
Dexmedetomidine to a group of patients treated in general anesthesia settings in terms of patient stress, rated by
blood pressure, heart rate, glycaemia, lactate values, post-operative ischemia or bleeding at the MRI. We also
compared the duration of surgeries in the two groups and the relations between time and other parameters.

Results: We found that preoperative heart rate was higher in the awake group (63.00 (SD13.58) vs. 76.5 (SD
14.34) p value 0.025) together with preoperative systolic blood pressure 122 (SD 12.95 vs. 135.1 SD (11.78) p value
0.044). However there were no clinical, biochemical and radiological differences in post-operative period in the two
groups, suggesting the efficacy of Dexmedetomidine in stress control. It is demonstrated a cause-effect relation
between the duration of surgery and the raising of blood pressure, suggesting that conscious sedation can reduce
useless anesthesiological time in the awake surgery setting.

Conclusions: We showed that the two anesthetic settings are similar in terms of stress parameters after surgery.
This finding could be confirmed in a prospective study with a higher number of patients.

Keywords: Glioma; Awake craniotomy; Awake surgery;
Dexmedetomidine; Extent of resection; Asleep awake asleep;
Conscious sedation; Brain tumor; Low grade glioma; General
anesthesia; Glioblastoma; Intubation; Brain mapping; Maximal safe
resection; Surgical stress; Stress parameters

Introduction
Brain tumours nearby the so called “eloquent areas” represent a

surgical challenge since it is mandatory for Neurosurgeons to reach the
best “onco-functional balance” [1-3].

Nowadays the evidences suggest that the best brain tumours
treatment, in particular for gliomas located in eloquent regions, is the
awake craniotomy associated with brain mapping [4]. It is well
demonstrated in neurosurgical literature that the maximal safe
resection improves overall survival (OS), progression-free survival
(PFS) and retards malignant transformation in low-grade glioma
(LGG) [5-7]. De Witt Hamer et al. conduced a meta-analysis and
examined the usefulness of intraoperative brain mapping, revealing a
rate of 58% of reduced mobility and improved extent of resection
(EOR) with use of stimulating mapping compared with no use of
intraoperative mapping [8,9]. On the other hand, it’s important to
consider that despite its demonstrated utility, awake craniotomy is

used only in a very low percentage of glioma surgery [10] and many
surgeons prefer general anesthesia in order to avoid “useless stress” for
patients.

In this scenario, anesthesiological care becomes fundamental.
Different anesthesiological techniques have been described in
literature for performing awake craniotomy [11-15] the “asleep-awake-
asleep” (AAA), “conscious sedation” (CS) and “totally awake” (TA), in
which the patient is always conscious and no kind of sedation is
performed.

AAA setting provides general anesthesia before and after the testing
phase; in particular, in the first stage the patient is under general
anesthesia while the craniotomy is carried out, then the level of
sedation is reduced to obtain a consciousness status that allows motor
and/or speech mapping [16]. It is technically complex for the
anesthesiologists that have to intubate the patients with a blocked head
and in some cases there is the risk to not have the maximal
collaboration by the patient during the awake phase. The TA setting
performed only with locoregional scalp anesthesia [12], on the other
hand, has the advantage to ensure the maximal collaboration during
the mapping phase because of the lack of sedative drugs, although it
could expose the patient to a more difficult management of
intraoperative complication. Some of the patients reported “anxiety
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and fears, due to terrifying noises, immobility, loss of control, and the
feeling of helplessness and being left alone”. In this contest, the CS
setting provides a mild sedation, minimizing the excess of awake time
during the opening, dissection and closure phase but allows a right
level of awareness during the mapping phase.

The recent acquisitions and results about this technique are based
on the rising use of Dexmedetomidine (DEX), a potent highly selective
α2-adrenoceptoragonist [17] with sedative, anxiolytic, analgesic,
opioid-sparing [18] and sympatholytic effects. In contrast to other
sedative agents, DEX is not associated with respiratory depression; this
effect is clinically relevant as demonstrate in a prospective randomized
study [19].

In this retrospective study we compare awake craniotomy for
supratentorial tumors performed with CS (using DEX) and general
anesthesia settings in terms of patient stress, rated by blood pressure,
heart rate, glycaemia, lactate values, post-operative ischemia or
bleeding at the MRI. We also compared the duration of surgeries in the
two groups and the relations between time and other parameters.

Materials and Methods
We retrospectively analyzed patients who underwent operations

under CS conditions using DEX infusions with patients who
underwent surgery in asleep condition using propofol-remifentanil.

Between 1/1/2017 and 31/12/2017 we performed 10 awake surgeries
for gliomas located near the “speech areas” (group 1) and 73 surgeries
in general anesthesia with Neuromonitoring for the same pathology
located in all the rest of supratentorial regions. The same surgical team
operated all patients.

Group 1 underwent surgery under local anesthesia with a cortical
and subcortical brain mapping achieved by direct electrical stimulation
(DES). DEX (0.7-2.0 μg/kg/h) were used for sedation during the
surgical procedure. Sedation was discontinued after the craniotomy

and prior to incision of the dura. The craniotomy was made to expose
the tumor and up to 2-3 cm of surrounding cortical surface. DES was
performed using bipolar electrodes separated by a distance of 5 mm.
Electrocorticography was performed in every patients. We avoided
stimulation-induced seizures by irrigating the exposed brain surface
with cold saline solution. If seizures were refractory to cold irrigation,
intravenous levetiracetam (1 g) was administered. We started with
double task (controlateral arm movement and counting) in order to
identify the Negative Motor Network (NMN) around the inferior
frontal gyrus (IFG) and sensori motor area. Once evocated a totally
motor arrest (TMA), we followed the mapping with the same
amplitude stimulus. DO80, PPT and REM were admistered in order to
identify language and mentalizing responses. We considered positive
the point in which there are already 3 consecutive responses after DES.

The labeled mapping sites were recorded by digital photography
prior to and after tumor resection. Tumor resection was performed
using frameless navigational guidance based on the preoperative MRI.

We selected 10 patients operated in general anesthesia that was
comparable with group1 for age, sex, pathology, comorbidity and ASA
score. These patients are in Group 2.

All patients performed a post-operative MRI within 48 h.

We have recorded heart rate and blood pressure values before and
after surgery, together with glycaemia and lactate level after surgery in
order to compare biochemical and clinical stress in the 2 groups. We
have also recorded the surgical time and post-operative MRI in order
to study the correlation between surgical time and patients’ stress and
to compare the neuroradiological results. The statistical analyses were
performed using STATA v14 software.

Results
All data of the Group 1 and Group 2 are summarized in Table 1 and

Table 2.

Pati
ent

Sex Age ASA
Scor
e

Surgical site Dexmedet
omidine
bolus
(μg/kg)

Dexmedet
omidine
infusion
(μg/kg/h)

Remife
ntanil
bolus
(μ
g/kg/h)

Remife
ntanil
infusio
n
(μ
g/kg/h)

Preo
p.
hear
t
rate
(bp
m)

Post
op.
hear
t
rate
(bp
m)

Preo
p.
blood
press
ure
(mm
Hg)

Aver
age
preo
p.
blood
press
ure

Post
op
blood
press
ure
(mm
Hg)

Aver
age
posto
p.
blood
press
ure

Posto
p.
Lactat
e
value
(mmo
l/L)

Post-
op
glyca
emia
(mg/d
L)

Surg
ical
time
(min)

1 M 36 II (R) Temporo-
insular lobe

0,2 0,4-06 0,05 0,05-0,0
8

80 60 160/1
00

120 140/7
0

93 1,5 186 300

2 M 55 II (R) Temporal
lobe

0,2 0,2-04 0,02 0,03-0,0
5

85 100 130/6
0

83 140/8
0

100 0,9 140 210

3 M 44 I (R) Frontal lobe 0,15 0,4-0,8 0,05 0,01-0,0
5

80 75 130/8
0

97 140/8
0

100 0,8 125 240

4 F 38 I (R) Frontal lobe
+ (L) parietal
lobe

0,2 0,4-0,8 0,05 0,01-0,0
5

105 75 140/7
0

93 140/6
0

87 0,7 175 300

5 M 59 II (L) Temporal
lobe

0,1 0,1-0,5 0,01 0,01-0,0
5

80 95 130/8
0

97 80/40 53 2,5 156 150

6 M 70 II (L) Frontal lobe 0,3 0,8 0,05 0,01-0,1 70 70 140/6
0

87 160/7
0

100 2,8 125 270

7 F 62 II (L) Parietal lobe 0,2 0,6-0,8 0,5 0,02-0,1 50 45 120/8
0

93 110/7
0

83 2,6 241 210
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8 F 49 II (L) Frontal lobe 0,2-0,5 0,5-09 0,15 0,05-0,1 80 75 140/8
0

100 140/8
0

100 0,6 145 195

9 F 52 II (L) Frontal lobe 0,1 -0,2 0,03- 0.07 0,02 –
0,03

0,6-1,1 70 75 140/7
5

97 140/8
0

100 3,8 119 300

10 M 46 II (L) Temporal
lobe

0,4-0,7 0,4-0,8 0,05 0,02-
0,05

65 70 120/8
0

93 120/8
0

93 0,6 146 240

Table 1: Patients who underwent awake surgery (Group 1).

Shapiro wilk test was carried out and confirmed the normality of
data.

T Student Test was conducted for all the variables analyzed in this
study in order to compare the preoperative and postoperative

glycaemia, lactate blood level, blood pressure, heart rate and duration
time of surgery in the two groups.

Pati
ent

Sex Ag
e

AS
A
Sco
re

Surgical
site

Prop
ofol
bolus

Prop
ofol
infusi
on

Remife
ntanil
bolus
(μ
g/kg/h)

Remife
ntanil
infusio
n
(μ
g/kg/h)

Preo
p.
hear
t
rate
(bp
m)

Post
op.
hear
t
rate
(bp
m)

Preo
p.
blood
press
ure
(mm
Hg)

Aver
age
preo
p.
blood
press
ure

Post
op
blood
press
ure
(mm
Hg)

Aver
age
posto
p.
blood
press
ure

Intrao
p.
Lactat
e
value
(mmo
l/L)

Posto
p.
Lactat
e
value
(mmo
l/L)

Intrao
p.
Glyca
emia
(mg/d
L)

Post-
op
glyca
emia
(mg/d
L)

Surg
ical
time
(min)

1 F 45 1 (R)
Temporal
lobe

5–4 4,5 0,1-0,2 0,15-0,
2

80 90 115/6
5

82 150/9
0

110 0,9 1 135 126 170

2 F 48 2 Posterior
third of the
falx

0,15 0,05-0,
2

0,1-0,1
8

60 105 115/7
0

85 160/8
0

107 / 1 / 110 220

3 M 67 2 (R) Frontal
lobe

0,2 2–5 0,1-0,2 0,05-0,
08

50 60 110/5
0

70 120/4
0

67  / 2.5 / 107 98

4 F 67 2 (L)
Temporal
lobe

5–4 4,5-2 0,25 0,2-0,0
5

70 65 140/8
5

103 100/5
5

70 3,1 3 146 138 295

5 F 69 2 (R)
Temporal
lobe

0,14 0,2 0,05-0,
2

50 75 140/8
0

100 140/7
0

93 / 1,2 76 188 130

6 F 76 2 (L) Fronto-
temporal
lobe

2 3–4 0,2 0,05-0,
25

75 90 120/7
0

87 130/8
0

97 1,2 1,4 90 133 110

7 M 67 2 (R)
Temporal
lobe

3,5 4 0,2 0,15-0,
2

45 60 130/6
0

83 120/6
0

80 1,1 1,3 101 95 240

8 F 74 2 (R) Frontal
lobe

0,1 0,15 0,05-0,
1

80 90 100/7
0

80 130/7
0

90 0,9 2 99 140 105

9 M 59 2 (L)
Temporal
lobe

3,5 4-4,2 0,05 0,3-0,0
5

50 70 120/7
0

87 120/6
0

80 / 1,8 / 143 290

10 M 30 2 (L) Fronto-
basal lobe

2–3 3,2–4 0,2 0,05-0,
25

70 90 130/8
5

100 110/8
0

90 1,5 2,3 94 125 330

Table 2: Patients who underwent asleep surgery (Group 2).

Blood pressure level was examined as systolic, diastolic and mean
value.

Preoperative heart rate was statistically different in the two groups
(63.00 (SD13.58) vs. 76.5 (SD 14.34) p value 0.025) with an higher
frequency in the awake group. There were no differences in the postop.

There was also a difference between preoperative systolic blood
pressure (122 (SD 12.95 vs. 135.1 SD (11.78) p value 0.044) with an
higher level in the awake group.

Correlation pearson test was conducted in order to test the relation
between time of surgery and all of the rest of data recorded in the two
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groups. This test showed a positive correlation between duration of
surgery and postoperative systolic blood pressure level in the awake
group (pearson coefficient correlation 0.683 p values 0.02).

A linear simple regression showed that there are a significant
relation between duration time of surgery and post-operative systolic
blood pressure level in the awake group (β=0.29 p value 0.02). The
graph 1 shows that for every minute the systolic blood pressure
increases of 0.29 mmHg. No bleeding or ischaemia in postop MRI in
the two groups.

Discussion
Different anesthesiological techniques have been described in

literature to perform awake craniotomy [11-15] the AAA setting
provides general anesthesia before and after the testing phase; in
particular, in the first stage the patient is under general anesthesia
while the craniotomy is carried out, then the level of sedation is
reduced to obtain a consciousness level that allows motor and/or
speech mapping [16].

The second anesthesiological setting is the CS: in this case the
patient is mildly sedated but respiratory independent for the all the
duration of surgery. The last possible setting is the so called TA in
which the patient is always conscious, and no kind of sedation is
performed. Each setting has advantages and drawbacks widely
described in literature, but currently there is no consensus on which
method provides the best anesthesia management. The right surgical
and anesthesiological planning derives from the balance of selecting a
technique that provides sedation, anxiolysis and optimal analgesia
during brain exposure. Immobility and comfort during mapping and
resection of the tumor are equally fundamental as well as minimizing
hypoxemia, hypercarbia, nausea, vomiting, seizures and hemodynamic
instability. The AAA setting has the important advantage of an easier
patient management in case of intraoperative complications and allows
avoiding patient stress reactions in the first phases of the intervention
with tachycardia, hypertension and increased levels of anxiety.
Moreover, in case of relapsing glioma, the opening phase and the
anatomical dissection could take long time with negative effects on
patient’s performance during the successive mapping phase.

In addition, there’s the possibility that the tumor could involve also
non eloquent region, so keeping the patient awake after mapping is
useless [20]. A prospective study of 140 glioma surgery performed with
the AAA setting demonstrated that no seizures, no swelling, no severe
permanent neurological deficit and no mortality occurred [21]
moreover the European Low Grade Glioma Network multicenter study
with 105 patients used the AAA setting in the vast majority of cases
[22]. However this setting is challenging for anesthesiologists because
it is not simple a safe intubation in a patient with a blocked head.
Moreover, there is the risk to have a sedated patient when a full
collaboration is required.

The TA setting performed only with scalp nerves blockade [12], on
the other hand, has the advantage to ensure the maximal collaboration
during the mapping phase because of the lack of sedative drugs,
although it could expose the patient to a more difficult management of
intraoperative complication. Some of the patients reported “anxiety
and fears, due to terrifying noises, immobility, loss of control, and the
feeling of helplessness and being left alone”. In this contest, the CS
setting provides a mild sedation during the craniotomy and closure
phase but allows a right level of awareness during the mapping phase.

The recent acquisitions and results about this technique are based on
the rising use of DEX.

DEX is a lipophilic imidazole derivative drug which acts like an a-2
agonist [23] stimulating central a-2 adrenergic subtypes. It has
demonstrable dose-reducing effects with inhalational anesthetics and
opiates [24] and can also induce anesthesia thanks to its effect on the
a-2a receptor subtype. Acting as an a-2 agonist, DEX has also dose-
related cardiovascular effects, reproducibly reducing blood pressure
and lowering heart rate values. It induces vasodilation of arterial
vessels, renal diuresis, anxiolysis and sedation [24]. DEX has a rapid
onset of action, and is highly biotransformed in the liver with 95% of
its metabolites excreted in urine. Its volume of distribution is large with
a consequent clinical effect half-life of about 6 min, and a clearance
half-life of 2 h. It has almost no effect on respiration at clinically
relevant doses [24] and allows arousal from a state mimicking sleep to
permit cognitive engagement and facilitate communication during
diagnostic and surgical procedures, which renders it uniquely useful in
its sedative profile [25].

It has been used in a large variety of clinical situations including the
provision of sedation within the ICU [24,26] for the active
management of benzodiazepine and opiate withdrawal [27] and as a
dose-sparing agent associated with concomitant analgesic and
anesthetic use. In limited series, DEX has been used successfully for
the provision of sedation in awake craniotomies [28-31].

Using DEX as sole sedative agent in awake craniotomies allows a
more complete neurological evaluation of the surgical patient, avoiding
the AAA passages and the effects of propofol on the Central Nervous
System inhibition [31], thus permitting a more accurate assessment of
neurological modification during the neurosurgical maneuvers.

On the other hand, a patient that remains conscious for a longer
time in an operating room could be a more stressed patient, and not
only from a psychologically point of view.

Souter et al. [25] describe the use of DEX as unique sedative agent
in some of the six patients that underwent resection of epileptogenic
foci for intractable seizures through awake craniotomies resection.
Postoperatively, all patients who received DEX as the sole sedative
agent were asked to evaluate their comfort and willingness in the
future to undergo such sedation. In all cases it was not reported
discomfort, all patients pointed to satisfaction with the sedation
technique, and willingness to undergo a similar anesthetic technique in
the future.

In our report, we used DEX as sole sedative agent during awake
craniotomies for its rapid onset of action, anesthetic manageability and
limited effect on respiration at clinically relevant doses [24]. In limited
series, DEX has been successfully used for the provision of sedation in
awake craniotomies [28,29,30]. We retrospectively recorded clinical
and radiological outcomes of all the patients of the awake resection
group and compared our data with a control group of patients who
underwent neurosurgical resection in totally asleep sedation. In
addition, we recorded some physiological and biochemical parameters
(heart rate, blood pressure, glycemia, lactate levels) pre and
postoperatively for all our patients of the case and control groups, in
order to evaluate the effect of surgical stress on biochemical parameters
before and after awake and asleep neurosurgical procedures.

We selected these four parameters because of their easy availability
through pre and post-operative blood exams, hemogasanalysis and
intraoperative measurements. Also, glycaemia is strictly related to
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adrenergic response in physical and psychological stressing situations,
with a rapid variability of its levels that can be easily recorded. Lactates
levels are not just a useful parameter to register systemic hypoxia and
organic fatigue: their blood concentration raises when glycolytic
activity [32] increases, even without a proper lack of oxygen supply by
tissues. It could be seen as a hormone related to stress enzymatic
response [32] the higher are its levels, the clearer is the necessity for the
patient to activate stress reaction mechanisms. Furthermore, heart rate
and blood pressure are two easily recordable parameters that vary
rapidly in stressful situations. During a surgical operation not all the
phases are equally stressful for the patient (for example, painful vs. not
painful maneuvers), so a rapid variable parameter is useful to
understand which of the single phases is more trenchant in causing
stress for the patient, even in the same surgical intervention. We
combined the four single parameters data to understand how awake
neurosurgical resections could be stressful for a patient compared with
an asleep one. We also could identify in which phase the most
important stress reaction is concentrate and how every single phase
influences this response.

Surprisingly, the moment in which we have recorded a major stress
reaction, confirmed by the statistically significant raising of pulse rate
and blood pressure in the awake group vs. the asleep group, is the
preoperative phase. From this point of view, we could justify these
recordings with a patient’s major psychological stress during his
entrance in the operating room, with the awareness of taking an
essential part in a neurosurgical resection during an awake sedation.
The same parameters, together with glycaemia and lactate levels, have
no statistically significant differences in the two groups. This could be
related to the cardiovascular and psychological effects of DEX,
reducing blood pressure (by inducing arterial vasodilatation) and heart
rate [24] it induces renal diuresis, anxiolysis and sedation too [24]. It is
significant that postoperative glycemic and lactate levels have no
statistically relevant differences between the awake and asleep group. It
is likely that the cardiovascular and anxiolytic effect of DEX nullifies
even the preoperative difference of heart rate and blood pressure
observed in the awake group. In this sense, from a biochemical point of
view, the awake and the asleep sedation for neurosurgical resection had
no postoperative differences on the stress parameters that we analyzed
in the patients of this study [24]. Moreover, in our series, the
vasodilatation effect of DEX has not influenced the surgical results
with ischaemia or bleeding. It is also important underline that surgery
duration is a crucial parameters and CS can reduce useless
anesthesiological time.

Conclusions
In our report we show that the two anesthetic settings are similar in

terms of stress parameters after surgery, even when preoperative heart
rate and blood pressure values are different between awake and totally
asleep patients. The retrospectively analysis of this study is its most
relevant limit, together with the poor number of patients sample
considered. Against this background, this report paves the way for
further prospective studies, to better evaluate the feasibility of awake
surgeries even in other neurosurgical pathologies and clinical cases, in
order to obtain a constant intraoperative neurological evaluation for
better postoperative outcomes.
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