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Abstract
Background In order to reduce the consequences of narcotic-
related side effects and provide effective analgesia after crani-
otomy, we conducted a randomized trial to compare the anal-
gesic efficacy of preemptive scalp infiltrations with 1 % lido-
caine and 0.5 % ropivacaine on the postoperative pain.
Methods Sixty adult patients scheduled for craniotomy were
enrolled. A solution contained 0.5 % ropivacaine and 1 %
lidocaine (40 ml) was prepared. In group A, local anesthetic
was injected throughout the entire thickness of the scalp be-
fore skin incision. In group B, it was injected before skin
closure. Additional intravenous injection and patient-
controlled analgesia with morphine was used to control post-
operative pain if the verbal numerical rating scale>4. Cumu-
lativemorphine consumption; numerical rating scale of pain at
1, 2, 4, 6, 8, 12, and 24 h; postoperative nausea, vomiting, and
respiratory depression, were recorded for 24 h after the
operation.
Results Postoperative pain scores were lower in group A than
in group B within the first 6 h after surgery. Mean time to
demand for postoperative analgesic was statistically
(p<0.001) delayed in group A 300 (240, 360) min compared
to group B 150 (105, 200) min. Ten patients in group A re-
ceived morphine analgesia was half less than 21 patients in

group B (p<0.006). The median morphine consumption in
24 h after operation in group A 10.5 (8, 15) mg was less than
that in group B 28 (22.5, 30.5) mg (p<0.001).
Conclusions Preemptive scalp infiltration with 0.5 %
ropivacaine and 1 % lidocaine provides effective postopera-
tive analgesia after craniotomy.
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Introduction

Recent studies have reported that 40–84 % patients suffered
moderate to excruciating pain, where the maximum level oc-
curred during the first 12 h after surgery [5, 31]. Under-
treatment of postoperative pain after craniotomy may cause
a series of adverse events, such as hypertension and postoper-
ative intracerebral hemorrhage, which could negatively influ-
ence the final results [7, 31]. Traditionally, using narcotics can
induce a moderate-to-high risk of postoperative nausea and
vomiting (PONV) and consequences of analgesic-related side
effects post craniotomy. Scalp infiltration with local anesthetic
or regional anesthesia that is equally effective or superior to
systemic drugs has been preferable in relieving postoperative
pain after craniotomy [12]. Several clinical studies have
shown that scalp infiltration with bupivacaine or
ropivacaine decreased the incidence and severity of postop-
erative pain, but they usually apply local anesthetic before
skin closure [4, 11, 21, 29].

Preemptive regional analgesia prior to surgical trauma the-
oretically achieves peripheral blockage of pain stimuli, which
is more advantageous than treating pain after it occurs. Fur-
thermore, it prevents the establishment of central hypersensi-
tization by analgesic intervention [15, 18]. Pretraumatic

* Li Li
74lily@163.com

1 Departments of Neurological Surgery, Union Medical Center,
Tianjin, China

2 Departments of Anesthesiology, Union Medical Center, 190#,
Jieyuan Road, Hongqiao District, Tianjin, China 300121

Acta Neurochir (2015) 157:993–998
DOI 10.1007/s00701-015-2394-8



versus posttraumatic infiltration with the purpose of pain pre-
vention has not been addressed after craniotomy on adults.
The aim of this study was to compare the analgesic efficacy
of preincisional and postincisional scalp infiltrations with 1 %
lidocaine and 0.5 % ropivacaine on postoperative pain after
craniotomy.

Methods

Subject population

This study was approved by the Hospital Ethics Committee.
Written informed consent was obtained from each patient.
Sixty patients (age range, 18–60 years; weight, 56–98 kg)
were scheduled for supratentorial craniotomy and classified
as American Society of Anesthesiologists (ASA) physical sta-
tus I-II were included. Patients were excluded if they had a
history of ischemic heart disease, conduction disturbance,
cognitive deficit, intellectual disability, or long-term use of
certain medications (β-blockers, angiotensin-converting en-
zyme inhibitor, analgesics, sedatives, or tri-cyclic antidepres-
sants); had impaired renal, hepatic, or pulmonary function;
had a history of allergy to opiates or any other drug used in
the study.

Anesthesia methods and surgery

During the preoperative visit, patients were taught how to
indicate their postoperative pain levels based on a verbal nu-
merical rating scale (NRS) ranging from 0 (no pain) to 10
(maximal pain). Also, patients were taught how to use the
patient-controlled analgesia (PCA) system. Patients were ran-
domly assigned by a computerized random-number generator
list to one of two groups: groupA (preemptive infiltration) and
group B (before skin closure).

No premedication was administered. Intravenous and
intra-arterial access was established and routine monitor
(blood pressure, heart rate, electrocardiograms tracings,
respiratory rate, and SpO2) was commenced before induc-
tion. General anesthesia was induced with Midazolam,
2 mg intravenous (IV), fentanyl, 2 μg/kg (IV), and
propofol 1.5 mg/kg (IV), and tracheal intubation was fa-
cilitated with cis-atracurium 0.2 mg/kg (IV). After intuba-
tion, general anesthesia was maintained by propofol and
remifentanil. The patients’ lungs were ventilated with
100 % oxygen to maintain normocapnia.

A local infiltration solution contained 20 ml of 2 % lido-
caine with 20 ml of 1 % ropivacaine was prepared 5 ml of
prepared solution was infiltrated at each pin site before skele-
tal fixation. In group A, the scalps were infiltrated with the
remaining solution along the planned incision by a 22-gauge
needle introduced to the skin at a 45°angle, penetrating deeply

throughout the entire thickness of the scalp before skin inci-
sion. For group B, before skin closure, the solution was ad-
ministered. Dexamethasone 10 mg IV, ondansetron 4 mg IV,
and tramadol 100 mg IV (which was used to prevent the
opioid- induce hyperalgesic of remifentanil) were adminis-
tered before skin closure in both groups. The infusion of
propofol and remifentanil was discontinued when the final
suture was applied. The trachea was extubated after recovery
of adequate spontaneous ventilation, and the patient was trans-
ferred to the post anesthetic care unit (PACU). The same group
of neurological surgeons performed the surgery for all of the
cases.

Data collection

Pain intensity was assessed for 24 h postoperatively and
scored on NRS by anesthetic registrar. When the NRS reached
4 after extubation, morphine (2 mg) was titrated every 5 min
until NRS decreased to<4. Morphine titration was not given
when RR was<12/min or excessive drowsiness or sedation
was observed. Then, PCA was started (1 mg of morphine as
an IV bolus with a lockout interval of 5 min and a 4-h limit of
50mg) after initial morphine titration. Patients were advised to
push the analgesic demand button when they felt pain, and to
repeat this until the pain was relieved. This PCA regimen was
discontinued when it was no longer needed. All patients re-
ceived paracetamol 1 g every 6 h. Non-steroidal anti-inflam-
matory drugs were not used.

The following were registered: NRS at 1, 2, 4, 6, 8,
12, and 24 h postoperatively; the patients on demand pain
treatment; time to analgesic request; cumulative titration
and PCA administered morphine consumption at 24 h
postoperatively; respiratory depression, which was defined
as a respiratory rate <10 breaths per minute or SpO2 was
<90 %. PONV was rated by patients as: 0, absent; 1,
nausea not requiring treatment; 2, nausea requiring treat-
ment; and 3, vomiting. Patients with nausea and vomiting
were initially administered an IV bolus of 10 mg of
metoclopramide, followed by 4 mg of ondansetron if
metoclopramide was unsuccessful.

Statistical analysis

Sample size calculation was based on detection a difference in
morphine consumption of at least 30 % between the two
groups with α=0.05, β=0.2, and power=80 %. All statistical
analyses were performed using the SPSS version 13.0 statis-
tical software (SPSS Inc., Chicago, IL, USA).Normally dis-
tributed variables were described using mean±standard devi-
ation (SD) and compared using unpaired two-tailed indepen-
dent two-samples t test. Categorical variables were described
using number (%) and compared using Pearson’s Chi-square
test or Fisher’s exact test. Pain scores and abnormally
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distributed variables were described as median (25 %, 75 %)
and compared by using the Mann–Whitney U test. p<0.05
was considered statistically significant.

Results

Sixty patients were recruited. Three patients’ surgeries were
cancelled after randomization, five patients withdrew from the
study after operation because they were admitted to ICU for
ventilation, leaving 52 patients (25 in group A and 27 in group
B; Fig. 1). Five patients had a frontal craniotomy, 13 temporal,
seven fronto-temporal, 11 parietal-temporal, 12 parieto-occip-
ital, and four posterior fossa craniectomy. Demographic char-
acteristics did not differ between the two groups (Table 1).

Postoperative pain scores were significantly lower in group
A than in group B within the first 6 h after surgery (Table 2).
Mean time to postoperative analgesic request was significant-
ly (p<0.001) longer in group A 300 (240, 360) min compared
to group B 150 (105, 200) min (p<0.001). Thirty-one (60 %)
patients received morphine titration and PCA in the PACU
and 21 patients did not receive any morphine in the postoper-
ative period. The number of supplementary analgesic request-
ed (ten patients) in group A was about half the number re-
quested (21 patients) in group B within 24 h after craniotomy;
χ2=7.695, p=0.006). Furthermore, the median cumulative
morphine consumption (PCA plus titration) was significantly
less 10.5 (8, 15.0) mg in group A than 28 (22.5, 30.5) mg in
group B within 24 h after surgery, p<0.001.

No patients experienced respiratory inhibition. The PONV
rate between the two groups was not different (in group A, the
PONV rate for one patients was 1; in group B, the PONV rate
for three patients was 1, for one patients was 2, and two pa-
tients vomited .χ2=4.129, p=0.248).

Discussion

During the 24 h after craniotomy, 60 % of patients experi-
enced postoperative pain. This is in accordance with previous
studies investigating postcraniotomy pain [5, 9]. This study
shows that patients receiving preemptive scalp infiltration
with 0.5 % ropivacaine and 1 % lidocaine for pain relief at
the initial stage of craniotomy surgery consumed less mor-
phine by PCA postoperatively and experienced better analge-
sia after surgery than before skin closure infiltration.

Effective pain control after craniotomy remains one of the
greatest unmet challenges. Pain has a large impact upon pa-
tients and causes a state of discomfort that may directly influ-
ence recovery. However, analgesics must be administered ju-
diciously after craniotomy, as anesthetic and opiate would
increase the tendency for upper airway obstruction and respi-
ratory depression. Scalp infiltration had been reported as an
effective analgesia method. Biswas compared 20 patients re-
ceived scalp infiltration with 25 ml of 0.25 % bupivacaine
before incision and 21 patients received scalp infiltration with
a similar volume of 0.9 % saline solution followed by 2 μg/kg
of intravenous fentanyl before incision. They found a

Fig. 1 Flow diagram
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beneficial effect of bupivacaine scalp infiltration before crani-
otomy delayed the onset of the need for rescue analgesic [6].
Pakulski [25] reported that the infiltration of anesthesia along
the projected line of skin incision in the head made it possible
to administer lower doses of opiates before commencing sur-
gery. Lawkoune [21] had found scalp infiltration with 0.375%
bupivacaine with epinephrine 1:200,000 or 0.75 %
ropivacaine both could reduce the morphine consumption

during the first two postoperative hours. Not all results were
optimistic. Saringcarinkul [22] observed 50 patients who re-
ceived wound infiltration before skin closure by either 0.5 %
bupivacaine with adrenaline 1:400,000 or normal saline with
adrenaline 1:400,000 then concluded surgical wound infiltra-
tion with 0.5 % bupivacaine with adrenaline decreased the
incidence and severity of postoperative pain in patients under-
going supratentorial craniotomy, but only for the first hour
after surgery. Batoz [4] observed 25 patients who received
an infiltration of surgical site with 20ml of 0.75% ropivacaine
at the end of the surgery. He found that there is limited interest
in scalp infiltration with ropivacaine in the acute postoperative
period. Different from them, in our article we improved the
concentration and increased the volume of the local anesthetic
agent, and added lidocaine. Ropivacaine is a new member of
the long-acting amino amide class of local anesthetic agent
and its lipophilicity associated with decreased potential for
central nervous system toxicity and cardiotoxicity [19]. Fur-
thermore, intradermally injected 0.25–0.75 % ropivacaine de-
creases local blood flows at the injection site, producing pe-
ripheral vasoconstriction effects [23]. Lidocaine has high tis-
sue permeability and rapid diffuses from skin to adjacent tis-
sue, especially exhibits a high affinity for nerves. We utilize
the advantages of the rapid onset of lidocaine and the long
duration of ropivacaine in our protocol, so the neurosurgeon
did not need to wait for the onset of the local anesthetic.
Considering the central nervous system toxicity and
cardiotoxicity of bupivacaine and the untoward effects of ac-
cidental intravascular injection or systemic absorption of
adrenaline in the neurosurgical patients, we did not use
bupivacaine with epinephrine.

Studies have reported that preoperative analgesia, such as
peripheral local anesthetic infiltration, is superior to postoper-
ative administration. Furthermore, the analgesia effect persists
beyond the presence of the analgesic drug in the biophase [2,
10, 13, 22, 31]. The conceivable mechanisms were as follows:
First, the origin of most acute pain from surgical stimulation is
the mechanical trauma to the local tissue and the subsequent
acute inflammatory response [19]. Chemical mediators re-
leased by injury cause peripheral sensitization of primary sen-
sory neurons and hyper-excitation of the spinal cord neuron,
which causes low threshold A-β mechanoreceptors to begin
transmitting painful sensations and results in central sensitiza-
tion [18]. These sensitizations caused by operative tissue dam-
age result in amplification of pain signals [8, 27, 32]. The local
infiltration of anesthetic before surgical trauma aims to block
nociceptive impulses from afferent C-fiber input to the dorsal
horn, inhibit the development of central sensitization, and to
decrease postsurgical pain from the surgical area. When a
local anesthetic is applied before skin closure, peripheral and
central sensitizations have already developed, so the postop-
erative pain relief is less pronounced. Clinical analgesia effect
of pre-incision comparing with post-incision infiltration is

Table 2 Numerical rating scale of postoperative pain: values presented
as median and interquartile range (25 %, 75 %)

Time after surgery Group A Group B p value

1 h 0 (0, 1.5) 2 (1, 3)* < 0.001

2 h 1 (0, 2) 2 (2, 3)* < 0.001

4 h 1 (0, 2) 3 (3, 4)* < 0.001

6 h 2 (0, 2) 2 (2, 3)* 0.005

8 h 3 (2, 3.5) 2 (2, 4) 0.398

12 h 2 (2, 3) 2 (1, 3) 0.961

24 h 2 (0.5, 2) 1 (1, 2) 0.969

NRS pain scores (0–10) in the two groups postoperative craniotomy.
Group A: preemptive scalp infiltration. Group B: before skin closure
scalp infiltration. NRS numerical rating scale; Asterisks indicate statisti-
cally significant difference between two groups (p <0.05)

Table 1 Patient demographic and craniotomy information

Variable Group A (n=25) Group B (n=27)

Demographic information

Age (years) 46±9 45±12

Male sex 17 15

Height (cm) 171±8 170±7

Weight (kg) 78±7 76±9

ASA physical status

I 4 3

II 16 17

III 5 7

Duration of anesthesia (min) 241.6±39.8 237.8±34.7

Duration of surgery (min) 170.4±31.7 176.0±31.8

Pathology

Tumor 17 16

Vascular 4 5

Other 4 6

Operative procedure

Frontal 2 3

Temporal 7 6

Fronto-temporal 3 4

Parietal-temporal 5 6

Parieto-occipital 6 6

Posterior fossa 2 2

ASA American Society of Anesthesiologists

No significant differences were found between the two groups
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pessimistic. The reasons for this are unsatisfactory afferent
block, different intervention such as peripheral local anesthet-
ic infiltration or nerve block, systemic NSAIDs or opioids
used, and the variation in timing of drug dispensation [3,
20]. Kawamata et al. had a human experimental model to
compare the analgesia effect between pre-incision and the
post-incision. Human volunteers received local infiltration
through the skin, fascia, and muscle in the forearm by a 4-
mm incision. In the volunteer group, where the patients re-
ceived local infiltration with lidocaine before incision, the
acute, most intense pain was eliminated for up to 4 h after
the incision, while those who received anesthetic after incision
had significantly higher pain scores up to 4 h. They extrapo-
late that pre-incision with lidocaine reduces the excessive in-
puts from the injured peripheral nerves and suppressed the
development of flare formation and the secondary peripheral
and central sensitization. Pre-incision infiltration would tem-
porarily stabilize the sensitized nerves in the injured area while
the nerves were sensitized and the primary and secondary
sensitization had fully developed. Pharmacokinetic studies
of plasma levels of the agents after local anesthetic scalp in-
filtration indicate that systemic absorption occurs within mi-
nutes and in amounts of more than 50% of the dose infiltrated
due to the rich vascularity of the scalp. Procaine and lidocaine
had been used as intravenous anesthetics in 19th century [1].
The presence of the synergism effect between the propofol
and the local anesthetic is still unknown. We found that pre-
operative infiltration with 0.5 % ropivacaine and 1 % lido-
caine reduced pain intensity during the first 6 h postoperative-
ly and reduced morphine consumption during 24 h versus
administered before skin closure. In addition, fewer patients
required rescue analgesia (morphine) for pain control.

Local anesthetics have a known bactericidal and/or bacte-
riostatic effect, as well as a fungistatic effect [16]. Therefore,
local anesthetic infusion could reduce the risk of infection. As
evidenced by studies, local anesthetics serve not only as anal-
gesic drugs but also as potential antimicrobial agents [17, 26,
28, 30]. Topical use of these anesthetic drugs may be useful in
the management of cutaneous and vaginal candidosis. Kampe
studied the effect of ropivacaine when mixed with sufentanil
on the growth of the pathogens Staphylococcus aureus and
Pseudomonas aeruginosa at room temperature. The combina-
tion of the local anesthetic and the opioid inhibited growth of
P. aeruginosa significantly and multiplication of S. aureus
[17]. Both bupivacaine and ropivacaine alone inhibited
growth of Escherichia coli and Staphylococcus aureus [30].
The anesthetic molecule penetrates the membrane bilayer and
accommodates in its hydrophobic interior. Membrane splitting
results from insertion of several lipophilic molecules into the
hydrophobic core of bacterial membranes. Themechanisms of
the fungicidal action of the drugs are due to direct damage the
cytoplasmic membrane and yeast metabolic impairment [26].
Johnson indicated the mechanism of action of antimicrobial

activity of local anesthetics to a disruption of microbial cell
membrane permeability, leading to leakage of cellular compo-
nents and subsequent cell lysis. Rodrigues et al. suggested that
local anesthetics inhibited fungal germ tube formation second-
ary to blockade of ionic channels [28].

Many studies have concluded that patients receiving
ropivacaine infusions need lower amounts of opioids to con-
trol pain and have fewer opioid-related side effects [14, 24,
33]. In this study, we found no statistically significant differ-
ence regarding the PONVand respiratory depression between
the two groups but the number of patients who used morphine
analgesia was reduced in preemptive scalp infiltration group.
No adverse reactions related to ropivacaine were observed in
the study group. Complications associated with the use of
local anesthesia, such as allergic reactions, local tissue, car-
diovascular, central nervous system, and systemic toxicity,
infection, changes in wound healing, or increased wound
drainage were not observed in our study.

Conclusions

In conclusion, preemptive scalp infiltration with 0.5 %
ropivacaine with 1 % lidocaine was significantly superior to
before skin closure infiltration on postoperative analgesia after
elective craniotomy.
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