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ABSTRACT

Background. Hemodynamic instability can occur with the pain from scalp incision to brain retraction during cranial
neurosurgery.

Objective. To determine the hemodynamic outcomes of patients who received ropivacaine plus lidocaine scalp block.
Design. Retrospective cohort study.

Setting. Southern Philippines Medical Center, Davao City.

Participants. 44 patients given scalp block for cranial neurosurgery.

Main outcome measures. Heart rate (HR), mean arterial pressure (MAP), and frequencies of tachycardia,
hypertension, bradycardia, and hypotension from the time of scalp block administration to 15 minutes after scalp
incision (observation period).

Main results. There were 31 (70.45%) male and 13 (20.55%) female patients in this study. The patients’ mean
age was 42.97 + 17.33 years. Mean values of MAP from 5 minutes before incision to 15 minutes after incision
all significantly differed from mean baseline MAP. There were no significant changes in mean HR within the
observation period (p=0.2446). Among the patients, 3/44 (6.82%) had at least one episode of hypertension, 7/44
(15.91%) had at least one episode of tachycardia, 8/44 (18.18%) had at least one episode of bradycardia, and
27/44 (61.36%) had at least one episode of hypotension during the observation period.

Conclusion. The mean MAP of patients in this study significantly decreased from baseline starting from 5 minutes
prior to scalp incision to 15 minutes after scalp incision. Many patients had at least one episode of hypotension,
while fewer patients experienced at least one episode of hypertension, tachycardia or bradycardia.

Keywords. cranial neurosurgery, heart rate, mean arterial pressure, scalp incision

INTRODUCTION
Pain associated with scalp incision, head
pinning, periosteal detachment, dural opening,
and brain retraction during neurosurgery can
significantly increase a patient’s heart rate and
blood pressure from baseline values, and can
potentially lead to venous hemorrhage, increase
in intracranial pressure, brain edema, or even
herniation.! 2 Performing scalp block prior to
incision for a cranial neurosurgical procedure
prevents pain transmission in the first-order
neurons and stabilizes a patient’s hemody-
namics.?? Blunting the hemodynamic effects of
pain by scalp block decreases drug require-
ments for intraoperative hypertension and
tachycardia, and improves postoperative re-
covery and pain control.#19

In our setting, we use a combination of
ropivacaine and lidocaine for scalp block
during cranial neurosurgery. Lidocaine is an
intermediate-acting local anesthetic that acts
as early as 2 minutes after injection.!! The
effects of lidocaine last up to 2 hours without
epinephrine,'! and up to 5 hours with epi-
nephrine.!? Ropivacaine, on the other hand, is
a long-acting local anesthetic, which has a
slower onset of action—about 3-15 minutes

after injection—but its effects, which last for
at least 3 hours, usually cover the entire
surgical time for most of our neurosurgical
procedures.!? Compared to bupivacaine, ropi-
vacaine is less likely to penetrate large myeli-
nated motor fibers and is less lipophilic.
These properties of ropivacaine are associated
with reduced motor blockade, as well as
lesser central nervous system toxicity and
cardiotoxicity."*

f IN ESSENCE

Pain at the start of cranial neurosurgery can
cause significant increases in heart rate (HR) and
mean arterial pressure (MAP).

In this study among patients given ropivacaine
plus lidocaine scalp block for cranial neurosurgery,
the patients’ mean HR did not significantly
change from scalp block administration (baseline)
to 15 minutes after scalp incision. Compared to
the patients’ mean MAP at baseline, mean MAP
values from 5 minutes before incision to 15
minutes after incision were significantly lower.

The use of scalp block can help maintain

hemodynamic stability during cranial neurosurgery.
\\ J
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We did this study to determine the hemo-
dynamic outcomes of patients undergoing
scalp block, using ropivacaine plus lidocaine
combination, for cranial neurosurgical proce-
dures.

METHODS

Study design and setting

We conducted a retrospective cohort study
based on review of medical records of pa-
tients who underwent cranial neurosurgery at
Southern Philippines Medical Center (SPMC)
from January 2015 to July 2016. An average
of five neurosurgical procedures are performed
daily in the main operating room of SPMC.
In our institution, scalp block is performed
after general anesthesia induction by infil-
trating 5% ropivacaine plus 2% lidocaine into
the typical anatomical sites where the supra-
orbital, supratrochlear, zygomaticotemporal,
auriculotemporal, greater occipital, and lesser
occipital nerves emerge from the skull. Per
anatomical site, 1-4 ml. of the anesthetic
combination is injected underneath the peri-
osteum. Sterile preparation of the surgical
site follows right after scalp block, and scalp
incision is done within 10 to 15 minutes
from scalp block.

Participants

Patients aged 18 years old and above who
underwent either craniectomy or craniotomy
under general anesthesia with ropivacaine plus
lidocaine scalp block were eligible for inclu-
sion in the study. To determine the minimum
sample size for this study, we assumed that
the average mean arterial pressure (MAP) of
patients who underwent neurosurgery is 97.87
mmHg, with a standard deviation of 16.37
mmHg.!> Calculation was done in order for
the study to detect a 10-mmHg-difference in
mean MAP between two data groups as sta-
tistically significant. In a statistical test for
comparison of two means carried out at a
<5% level of significance, a minimum sample
size of 44 will have 80% power of rejecting
the null hypothesis if the alternative holds.
We included a total of 44 eligible patients
into this study.

Data collection
We collected the patient’s age, sex, indication
for neurosurgery, comorbidities, preoperative
Glasgow Coma Scale (GCS) score, and Amer-
ican Society of Anesthesiologists physical sta-
tus classification (ASA classification).

To determine the hemodynamic effects of

scalp block, we looked at the patients’ serial
heart rate (HR) and MAP within the following
observation period: time of scalp block
administration (baseline), 5 minutes before
scalp incision (5BI), upon incision (UI), 5
minutes after incision (5AI), 10 minutes after
incision (10AI), and 15 minutes after incision
(15AI). We computed the MAP as the value
of the diastolic blood pressure (DBP) multi-
plied by 2 and added to the value of the sys-
tolic blood pressure (SBP), then divided by 3.
We also determined occurrences of tachy-
cardia, bradycardia, hypotension, and hyper-
tension, as well as the need for rescue
analgesia postoperatively, among the patients.
Tachycardia was considered when there was
at least one episode of a >20% increase in
HR from baseline value at any point during
the observation period. Bradycardia was
considered when there was at least one
recorded HR of <60 beats per minute at any
point during the observation period. Hyper-
tension was considered when there was at
least one episode of a >20% MAP increase
from baseline value at any point during the
observation period. Hypotension was consi-
dered when there was at least one episode of
a >20% MAP decrease from baseline value
at any point during the observation period.
We also monitored the patients postopera-
tively to look for possible scalp block
complications such as hematoma, swelling of
the upper eyelid, and undesired facial nerve
block.

Statistical analysis

We used Epi Info™ 7.2.1.10 and R version
3.4.1 to analyze the data. We summarized con-
tinuous data as means and standard devi-
ations, and categorical variables as frequen-
cies and percentages. To compare mean MAPs
and mean HRs across time, we used repeated
measures analysis of variance (ANOVA). We
conducted simple pairwise comparisons after
results of significant difference in repeated
measures ANOVA. Two-sided level of sig-
nificance was set at p<0.05. We constructed
the graphs shown in this article in Google
Sheets.

RESULTS

The demographic and clinical profile of the
44 patients who underwent scalp block are
shown in Table 1. There were 31/44 (70.45%)
males and 13/44 (29.55%) females. The mean
age of the patients was 42.97 + 17.33 years.
The most common indication for neurosurgery
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Table1  Demographic and clinical profile of patients

PNB

Characteristics (n=44)
Mean age + SD, years 4297 £17.33
Sex, frequency(%)

Male 31(70.45)

Female 13 (29.55)
Indication for neurosurgery, frequency (%) n=43

Blunt head trauma 24 (55.81)

Brain tumor 9(20.93)

Cerebrovascular accident 7(16.28)

Gunshot wound 2 (4.65)

Hacking 1(2.33)
Comorbidities, frequency(%)

Hypertension 7(15.91)

Pneumonia 1(2.27)
ASA classification, frequency(%)

ASAII 25 (56.82)

ASAIII 13 (29.55)

ASA IV 5(11.36)

ASAV 1(2.27)
Mean GCS score + SD 123

ASA—American Society of Anesthesiologists; GCS—Glasgow Coma
Scale.

was blunt head trauma (24/44, 55.81%). Some
patients had coexisting hypertension (7/44,
15.91%) ot pneumonia (1/44, 2.27%). Most
of the patients (25/44, 56.82%) belong to
ASA 1II classification. The mean GCS score
of the patients was 12 * 3.

Table 2 and Figure 1 show the mean
blood pressure, MAP, and HR readings during
the observation period. The mean SBP, mean
DBP and mean MAP values significantly
differed across time (all p-values for repeated
measures ANOVA <0.001). Pairwise com-
parisons revealed that the mean values of
SBP, DBP and MAP from 5BI to 15AT all
significantly differed from their respective
baseline values. The mean HR readings had a
decreasing trend, but the values across time
were not significantly different from each
other (p=0.2440).

Table 3 shows the proportions of patients
who had at least one episode of significant

hemodynamic change during the study period.
Hypertension occurred in 3/44 (6.82%) pa-
tents, tachycardia occurred in 7/44 (15.91%)
patients, and bradycardia occurred in 8/44
(18.18%) of patients. Hypotension, which
happened in 27/44 (61.36%) patients, was
the most frequent hemodynamic change.

Postoperatively, 3/44 (6.82%) patients
required rescue analgesia. None of the pa-
tients in this study experienced hematoma at
the infiltration site, swelling of upper eyelids,
or undesired facial nerve block.

DISCUSSION

Key results

In this group of patients undergoing cranial
neurosurgery, the mean MAP values from 5
minutes prior to scalp incision to 15 minutes
after scalp incision were significantly lower
compared to the mean baseline MAP at the
time of scalp block administration using
ropivacaine plus lidocaine. Mean HR did not
significantly change from scalp block admin-
istration up to 15 minutes after scalp incision.
Hypotension was the most frequent hemo-
dynamic change. A few patients had at least
one episode of hypertension, tachycardia or
bradycardia during the observation period.

Limitations

This study was limited only to adult patients
undergoing cranial neurosurgery, and we only
looked at the hemodynamic responses of the
patients to ropivacaine and lidocaine. Children
who undergo the same procedures for the
same indications may have different hemo-
dynamic response patterns. Systemic responses
to the anesthetic agents may include neuro-
toxicity and cardiotoxicity, which we did not
directly measure in this study. Moreover, this
was a non-interventional study. The study
had only one treatment arm using the same
anesthetic cocktail. The decision to use the
scalp block procedure on top of the stan-
dard anesthesia for cranial neurosurgery was
made by the patients’ respective attending

Table2  Mean systolic blood pressure, diastolic blood pressure, mean arterial pressure, and heart rate across time

Characteristics

Baseline 5Bl ul
n=44 n=44 n=44

5Al 10Al 15Al
n=44 n=44 n=44 p-value

Mean systolic blood pressure + SD, mmHg
Mean diastolic blood pressure + SD, mmHg
Mean mean arterial pressure + SD, mmHg
Mean heart rate + SD, beats per minute

137.32£26.45 11330 £24.05 111.02 +21.82
76.80 £16.06  62.86 £ 15.07  61.09 + 14.80
96.97 £18.46  79.67£17.26  77.73+16.49
89.07+25.01 83.32+21.58 82.05+21.35

110.07 £19.72  107.52 £20.29 104.07 + 17.30 <0.0001
61.18 £14.78  58.72+12.76  57.36 + 12.76 <0.0001
7748 £1557 7499+ 14.64 72.93 +13.37 <0.0001
80.69+21.34 78.68+20.27 78.82+22.45 0.2446

Baseline—at the time of scalp block administration; 5BI—5 minutes before scalp incision; Ul—upon scalp incision; 5Al—5 minutes after incision; 10Al—10 minutes after incision; 15Al—15

minutes after incision.
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Figure 1  Systolic (A) and diastolic (B) blood pressures, mean arterial pressure (MAP; C), and heart rate (D) graphs of patients who underwent cranial neurosurgery at the

time of scalp block administration (Baseline), 5 minutes before incision (5BlI), upon incision (Ul), 5 minutes after incision (5Al), 10 minutes after incision (10Al), and 15 minutes

after incision (15Al).

anesthesiologists, and we merely observed the
outcomes after the procedures.

Interpretation

HR and MAP, as well as the levels of the
stress hormones adrenocorticotropic hormone
(ACTH) and cortisol, significantly increase
upon insertion of skull pins into the peri-
osteum during neurosurgery.? Pain associated
with scalp incision, head pinning, periosteum
detachment, and dural opening may result in
tachycardia and hypertension.'® In one study
among patients given scalp block before
head pinning for craniotomy, 53.3% of pa-

Table3  Hemodynamic changes

Values
Outcomes* n=44
Bradycardia, frequency (%) 8(18.18)
Tachycardia, frequency (%) 7(15.91)
Hypotension, frequency (%) 27 (61.36)
Hypertension, frequency (%) 3(6.82)

*At least one episode from scalp block administration to 15 minutes
after scalp incision.

tients who received placebo scalp block re-
quired additional medications to control
intraoperative hypertension and tachycardia,
while only 3.3% of patients given bupivacaine
scalp block and 6.6% of patients given levo-
bupivacaine scalp block needed the extra
medications.?

Scalp block using bupivacaine with or
without epinephrine helps stabilize hemo-
dynamics and decreases plasma cortisol and
ACTH levels duting neurosurgery. 4081719 On
the other hand, either direct infiltration of
bupivacaine at pin insertion sites or opioid
administration alone, without scalp block, sig-
nificantly increases HR, MAP, cortisol, and
ACTH during neurosurgery.? However, bupi-
vacaine is cardiotoxic.?-23

The combination of lidocaine and ro-
pivacaine provides faster onset and longer
duration of anesthetic action, resulting in
better pain control. The onset of action of
lidocaine is approximately 2-10 minutes,!! 13
and its duration of action is up to 2 hours if
given alone!' 13 and up to 5 hours if admin-
istered with epinephrine.!? The onset of
action of ropivacaine, a long acting amide,'*
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occurs at 10-15 minutes, and the duration of
action lasts for 3 to 12 hours.!> Compared to
bupivacaine, ropivacaine acts faster when used
as petipheral nerve block and is less cardio-
toxic.!

Among the patients in this study, 15.91%
had at least one episode of tachycardia, and
0.82% had at least one episode of hyper-
tension during the observation period. Scalp
block involves administration of local anes-
thesia around the nerves of the scalp. This
provides analgesia for a certain period of
time.?* The additon of local anesthesia to
decrease the impact of local nerve stimulation
at the start of cranial neurosurgery attenuates
the anticipated hemodynamic responses in
many patients.?®

Some of the patients had at least one
episode of bradycardia, and 61.36% had at
least one episode of hypotension during the
observation period. Mild hypotension is
observed in general anesthesia due to the
reduction of cardiac output and systemic
vascular resistance brought about by intra-
venous and inhalational agents.?® More rarely,
severe bradycardia and hypotension after
scalp block can happen as a result of the
stimulation of any branch of the trigeminal
nerve’’—including the supraorbital, supra-
trochlear, zygomaticotemporal, and auticulo-
temporal nerves—during anesthetic infiltration.
The mechanical compression or stretch of
these nerves during local anesthetic infil-
tration can trigger the trigeminal cardiac
reflex, which manifests as bradycardia and
hypotension.?” 28

In this study, only three patients needed
postoperative rescue analgesia. C nerve fibers
richly innervate the scalp, and ropivacaine
has selective action on sensory Ad and C
fibers.” Moreover, scalp block with ropiva-
caine has been shown to decrease postcranio-
tomy pain.”

None of the patients in this study expe-
rienced complications of the procedure
around the infiltration site. Scalp block
complications, which are few and rare,
include hematoma at the site of infiltration,
swelling of the upper eyelid, and undesired
facial nerve block.’! > Hematoma formation
and swollen upper eyelids are direct conse-
quences of blood and fluids that accumulate
along the aponeuroses during local anes-
thesia infiltration. Undesired facial nerve
block occurs when, upon blockade of the
auriculotemporal nerve, the adjacent facial
nerve is also inadvertently blocked.! 33

Generalizability

This study was done among patients who
underwent cranial neurosurgery under general
anesthesia with scalp block. We included
male and female patients who were, on
average, within middle age. The ranges of
indications for neurosurgery and ASA classi-
fications across all patients were broad. The
use of ropivacaine plus lidocaine on patients
for scalp block prior to scalp incision, on top
of general anesthesia, provided acceptable
hemodynamic stability during the part in the
surgery when tachycardia and hypertension
would have been expected in most of the
patients. The use of both the technique and
the local anesthetic combination can be
reasonably applied to adult patients under-
going similar procedures.

CONCLUSION

Compared to the mean baseline MAP upon
scalp block administration using lidocaine
and ropivacaine, the mean MAP of patients
who underwent cranial neurosurgery sig-
nificantly decreased from 5 minutes before
scalp incision to 15 minutes after scalp
incision. There was no significant change in
mean HR from administration of scalp block
up to 15 minutes after incision. The most
common hemodynamic change was hypo-
tension. Some patients experienced at least
one episode of hypertension, tachycardia or
bradycardia.
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