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Background: Bilateral superficial cervical plexus block (BSCPB) provides good postoperative analgesia, but its effect on 
anesthetic consumption is unknown. This study evaluated the effects of BSCPB on sevoflurane consumption during thy-
roid surgery.
Methods: Fifty patients were randomly allocated into groups A and B of 25 each in this prospective double-blind study. 
Group A received BSCPB with 20 ml 0.25% bupivacaine, whereas group B received 20 ml saline immediately before 
entropy-guided general anesthesia. Intraoperative hemodynamic parameters, end-tidal sevoflurane concentration, mini-
mum alveolar concentration, and sevoflurane consumption were recorded. Postoperative pain was assessed using a visual 
analog scale, and the time of the first request for analgesia was noted. All side effects were recorded.
Results: Demographics were comparable. Mean sevoflurane consumption [for 30 min: group A = 7.2 (1.1) ml, group B = 
8.8 (2.0) ml, P = 0.001; for 60 min: group A = 13.5 (1.7) ml, group B = 16.5 (3.9) ml, P = 0.002] and mean end-tidal sevo-
flurane concentration [for 30 min: group A = 1.2% (0.2%), group B = 1.4% (0.2%), P = 0.008; for 60 min: group A = 1.2% 
(0.1%), group B = 1.4% (0.2%), P = 0.010] were significantly lower in group A. Patients in group A had a longer duration 
of analgesia [361.6 (79.5) min vs. 151.0 (60.2) min, P < 0.001] compared to those in group B.
Conclusions: Preinduction BSCPB during thyroid surgery significantly reduced sevoflurane consumption and increased 
the duration of postoperative analgesia.
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Introduction

General anesthesia is the technique of choice for thyroid 
surgery. In addition to pain, discomfort while swallowing, a 
burning sensation in the throat, nausea, and vomiting can be 
caused by surgery or by general anesthesia [1]. Various attempts 
have been made to prevent or treat these problems with various 
modalities, such as opioids and nonsteroidal anti-inflammatory 
drugs, or with additional locoregional anesthesia techniques 
[2–5]. General anesthesia is routinely maintained using volatile 
anesthetic agents [1]. Bilateral superficial cervical plexus block 
(BSCPB) is a popular regional anesthesia technique because of 
its feasibility and efficacy. Superficial cervical plexus block alone 
or in combination with deep cervical plexus block has been 
advocated for postoperative analgesia or as a sole anesthetic 
technique in some cases [2,6,7]. Superficial cervical plexus block 
provides good intraoperative and postoperative analgesia and 
reduces the amount of postoperative analgesic required [8–10]. 
When the block is performed before surgery, the ensuing anal-
gesic effect may reduce the requirement for anesthetics. The use 
of monitors, such as entropy and the bispectral index, may help 
precisely titrate the anesthetic agents. However, very few studies 
have assessed the effects of BSCPB on anesthetic consumption, 
particularly when monitors are used to measure the depth of an-
esthesia. We investigate whether administering BSCPB reduces 
sevoflurane consumption and prolongs the duration of postop-
erative analgesia.

Materials and Methods

This prospective randomized double-blind study was con-
ducted from June 2015 to November 2015. Approval from the 
institutional ethics committee (BMCRI/PS/IEC/30/2015-16 
dated 5/30/2015) was obtained. Fifty patients (age, 20–60 years) 
of the American Society of Anesthesiologists grades 1 and 2 
who were undergoing elective thyroid surgery under general 
anesthesia were randomly allocated into two groups of 25 each 
using a computer-generated randomization sequence (www.
random.org). Group A received BSCPB with 20 ml 0.25% bupi-
vacaine, and group B received BSCPB with 20 ml saline. Patients 
diagnosed with vocal cord palsy by preoperative indirect laryn-
goscopy and those with a coagulation disorder, a neurological 
or psychiatric disturbance, hypertension or another cardiac 
disorder, a thyroid mass extending retrosternally, any gross com-
pression or deviation of the trachea, or any known drug allergies 
were excluded from the study. Patients scheduled for extensive 
surgery, such as radical neck dissection, were also excluded from 
the study.

The preanesthetic examination was composed of a detailed 
history and systemic examination. A thorough airway examina-

tion was conducted, and written informed consent to participate 
in the study was obtained. The patients were educated regarding 
the use of a visual analog scale (VAS). Preoperative investiga-
tions, including thyroid function tests and a neck X-ray, were 
performed per the institutional protocol. Indirect laryngoscopy 
was done in all patients to confirm vocal cord mobility. All pa-
tients fasted for 8 h prior to surgery. Patients were premedicated 
with 150 mg oral ranitidine hydrochloride and 0.25 mg alprazol-
am the night before the surgery. A 50 mg dose of ranitidine and 
4 mg ondansetron were administered intravenously 1 h before 
the induction of anesthesia.

A Ringers lactate solution infusion was started when the 
patient was moved into the operating theater. Electrocardiog-
raphy, peripheral oxygen saturation (SpO2), noninvasive blood 
pressure, and entropy monitors were connected and basal levels 
were recorded. 

All patients were premedicated intravenously with 1 mg 
midazolam, 0.2 mg glycopyrrolate, and 2 μg/kg fentanyl. Using 
the computer-generated random list, we allocated patients ran-
domly to group A or group B. Group A received BSCPB with 20 
ml 0.25% bupivacaine (10 ml on each side) after premedication. 
Patients in group B received BSCPB with 20 ml saline (10 ml on 
each side). The allocation based on the randomization sequence 
was concealed using sequentially numbered opaque sealed enve-
lopes. The envelopes were opened just before administration of 
the block by the principal investigator, and the group allocation 
was done based on the randomization sequence. The group allo-
cation was not revealed to any of the attending anesthesiologists 
until the end of the study. The drug solutions were prepared 
under sterile conditions by an anesthesiologist who was not in-
volved in administering the block or monitoring the patients, as 
per instructions from the principal investigator. The anesthesi-
ologist administering the block was familiar with the technique 
and monitored patients intraoperatively and postoperatively. He 
was unaware of the drug being used or the group allocation. A 5 
cm long 23 G, short beveled needle was inserted at the midpoint 
of the posterior border of the clavicular head of the sternoclei-
domastoid muscle. After negative aspiration for blood, 4 ml 
solution was injected at the needle insertion point just below the 
platysma. Then the needle was redirected cephalad and caudad 
from the initial point of insertion in a subcutaneous plane, and 
3 ml drug solution was injected in each direction after negative 
aspiration for blood. Safety was ensured by restricting advance-
ment of the needle no more than 5 mm in depth.

After administration of the block, patients were preoxygen-
ated with 100% oxygen for 3 min and then induced with an 
intravenous injection of propofol 20 mg in 30 s increments until 
response entropy fell below 60. Mask ventilation was confirmed, 
and intubation was facilitated with an intravenous injection 
of 0.1 mg/kg vecuronium. Proper positioning of the endotra-
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cheal tube was confirmed, the agent gas monitoring line was 
connected, and ventilation continued with a Datex Ohmeda 
Avance S5TM anesthesia workstation ventilator (GE Healthcare, 
Finland). Anesthesia was maintained with 50% nitrous oxide 
and oxygen as well as sevoflurane to maintain entropy values 
of 40–60. The initial fresh gas flow was set to 4 L/min, and the 
sevoflurane concentration was set to 2%. The fresh gas flow was 
reduced to 2 L/min once the set dial concentration equilibrated 
with the inspired concentration of sevoflurane (Fi Sevo 2%). The 
depth of neuromuscular blockade was monitored using a train 
of four, which was connected after the induction of anesthesia 
but just before the administration of the muscle relaxant, and 
maintained below a count of 2 with vecuronium. Hemodynamic 
parameters (heart rate, systolic blood pressure, diastolic blood 
pressure, and mean arterial pressure), SpO2, end-tidal carbon di-
oxide concentration, and response and state entropy were moni-
tored continuously and recorded at 5 min intervals until the end 
of surgery. End-tidal sevoflurane concentration and age-adjust-
ed minimum alveolar concentration (MAC) were recorded at 
5 min intervals, and the volume of sevoflurane consumed was 
recorded at 30 min intervals from the agent gas module of the 
anesthesia workstation. An increase in heart rate or mean arteri-
al pressure of more than 25% of basal (or systolic blood pressure 
> 150 mmHg) was considered tachycardia and hypertension, 
respectively, and the inspired concentration of sevoflurane was 
increased. Fentanyl (1 μg/kg) boluses were administered intra-
venously if tachycardia and hypertension persisted or if the dif-
ference between response and state entropy exceeded 10 despite 
administration of adequate amounts of sevoflurane (end-tidal 
sevoflurane > 2%). Hypotension was defined as more than a 
25% fall in mean arterial pressure and was treated with 100 ml 
crystalloid boluses. The amount of propofol and fentanyl used 
were recorded in both groups. Sevoflurane and nitrous oxide 
were discontinued at the end of surgery. The neuromuscular 
blocking agent was reversed with an intravenous injection of 0.5 
mg/kg neostigmine and 10 μg/kg glycopyrrolate, and the patient 
was extubated after complete recovery as assessed by clinical 
observation and neuromuscular monitoring. Postoperative pain 
was assessed using the VAS, with 0 representing no pain and 
10 representing the worst pain. Hemodynamic parameters and 
VAS scores for pain were recorded at 30 min intervals for the 
first 2 h and then every hour until the patient received rescue 
analgesia. Patients received 1 g paracetamol intravenously as a 
rescue analgesic once the VAS score was > 4. The duration of 
analgesia was recorded from the time of block administration to 
the first request for analgesia during the postoperative period. 
Patients were not given any other analgesic as a routine medica-
tion during the early postoperative period, and once the patient 
received the rescue analgesic, the study was deemed complete. 
Vascular puncture during injection, hoarseness of voice, pain at 

the injection site, and any other side effects were recorded.

Statistical analysis

The sample size was calculated based on a pilot study involv-
ing 10 patients who were not included in the final analysis. The 
mean (standard deviation [SD]) consumption of sevoflurane 
was 15.2 (2.1) ml over 60 min from the start of sevoflurane ad-
ministration after intubation without administration of BSCPB. 
We hypothesized that BSCPB would reduce anesthetic con-
sumption. Maintaining 80% power for the study and an alpha 
error of 0.05, to detect at least a 10% difference (effect size, 1.5 
ml) in sevoflurane consumption over 60 min, assuming an SD 
of 2 ml and equal variance in both groups, a minimum of 22 
patients were required in each group. We included 25 patients in 
each group assuming a dropout rate of 10%. 

All data were entered into a Microsoft Excel spreadsheet 
(Microsoft Inc., USA). Categorical data are presented in tabular 
format. Quantitative data were analyzed for normality using 
the Shapiro–Wilk test, and the normally distributed parame-
ters are presented as mean (SD), whereas those with a skewed 
distribution are presented as medians with interquartile ranges. 
Categorical variables were analyzed using the chi-square or 
Fisher’s exact test, as applicable. Normally distributed quantita-
tive data were analyzed using Student’s t test, whereas those with 
a skewed distribution, including the VAS (from 30 min to 3 h), 
were analyzed using the Mann–Whitney U test. A P value < 0.05 
was considered significant. End-tidal sevoflurane concentration 
at 60 min and sevoflurane consumption at 30 min were log 
transformed, assessed for normality, and subsequently analyzed 
using the independent sample t test. Statistical analyses were 
carried out using SPSS ver. 20 for Windows (IBM Corp., USA). 

Results

A total of 53 patients were enrolled in the study. One patient 
in group A was excluded because of a tracheal injury (loss of 
fresh gas flow for a few minutes through the injury, and fresh 
gas flow had to be increased), and two patients in group B were 
excluded because of a protocol violation (erroneous recording of 
sevoflurane consumption due to equipment failure; Fig. 1). The 
demographic data and durations of surgery were comparable 
between the groups (P > 0.05) and are summarized in Table 1. 

The trends in end-tidal sevoflurane concentration are shown 
in Fig. 2. Mean end-tidal sevoflurane concentration at the end of 
30 min and 60 min after the initiation of sevoflurane adminis-
tration was calculated for each patient, and the average of these 
averages was taken to obtain the average end-tidal sevoflurane 
concentration at the end of 30 and 60 min period. The average 
end-tidal sevoflurane concentrations over 30 min and over 60 
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min were significantly lower in group A than in group B. The 
mean sevoflurane consumption rates at the end of 30 min and at 
the end of 60 min were significantly lower in group A compared 
to group B. Further assessment with confidence intervals of av-
erage end-tidal sevoflurane concentration and sevoflurane con-
sumption at 30 min and 60 min revealed significant decreases in 
group A compared to group B. Additional fentanyl supplemen-
tation was required in one patient in group A and two patients 
in group B to maintain response entropy < 60 during surgery, 
whereas eight patients in group A and six patients in group B 
required additional propofol to maintain response entropy < 60 
before intubation. Mean propofol and fentanyl requirements 
were comparable between the groups. The duration of analgesia 
was much longer in group A than in group B (Table 2). Median 
VAS scores were lower in group A (median VAS scores = 0 at 30 
min and 60 min and median VAS score = 1 at 2 h) than group B 
(median VAS scores = 2, 4, and 4 at 30 min, 60 min, and 2 h, re-

Table 1. Demographic Characteristics

Demographic data Group A
(n = 25)

 Group B
(n = 25) P value

Age (yr) 38 (25–50)  40 (38–45) 0.283
Sex (M/F)  1/24  2/23 0.617
Weight (kg)  54 (48–60) 58 (45–65) 0.450
Duration of surgery (min)  90 (70–100) 70 (65–90) 0.104

Values are expressed as median (interquartile range) or number. Group A: BSCPB with Bupivacaine (test group), Group B: BSCPB with saline (control group).

Analyzed (n = 25)

Assessed for eligibility (n = 53)

Randomized (n = 53)

Analyzed (n = 25)

Enrollment

Discontinued follow up (tracheal injury
resulting in loss of fresh gas) (n = 1)

Allocation

Follow-up

Analysis

Excluded (n = 0)
Not meeting inclusion criteria (n = 0)
Declined to participate (n = 0)
Other reasons (n = 0)

Group A
Allocated to intervention (n = 26)

Received allocated intervention (n = 26)

Group B
Allocated to intervention (n = 27)

Received allocated intervention (n = 27)

Discontinued follow up (protocol violation
erroneous recording of sevoflurane

consumption due to equipment fault) (n = 2)

Fig. 1. CONSORT flow diagram. Group 
A: BSCPB with Bupivacaine (test group), 
Group B: BSCPB with saline (control 
group).
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Fig. 2. Comparison of the trends in end-tidal sevoflurane concentration 
between the two groups. *The end-tidal sevoflurane concentration was 
significantly lower in group A compared to group B at 15, 30, 45, and 50 
min (P < 0.05). Group A: BSCPB with Bupivacaine (test group), Group B: 
BSCPB with saline (control group). Post: post-intubation.
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spectively; P < 0.001 at 30 min, 60 min, 2 h, and 3 h; Fig. 3). Pa-
tients were pain-free for a longer time in group A than in group B. 

Intraoperative heart rate; systolic, diastolic, and mean arterial 
pressures; oxygen saturation; end-tidal CO2; and age-adjusted 
MAC values were not different between the groups. The entropy 
values were comparable between the groups. The response and 
state entropy of group A were comparable to those of group B 
(Table 3, Figs. 4 and 5). 

Vascular puncture was noted in three patients in group A and 
two patients in group B, requiring withdrawal and redirecting of 
the needle before the solution was injected. One patient in group 
A had a hoarse voice that recovered spontaneously after 12 h.

Discussion

The results of this prospective randomized study show that 
BSCPB with 20 ml 0.25% bupivacaine administered before in-
duction of general anesthesia during thyroid surgery is associ-
ated with a significant decrease in intraoperative sevoflurane 
consumption when entropy is added to standard intraoperative 
management.

Utilizing electroencephalography-based monitors, such as 

entropy, to judge the depth of general anesthesia and the level 
of hypnosis during surgery results in reduced sevoflurane con-
sumption [11,12]. Previous studies used an automated closed 

Table 2. Comparison of End-tidal Sevoflurane Concentration, Sevoflurane Consumption, Duration of Analgesia, and Propofol and Fentanyl Dose 
Requirements

Parameter Group A
(n = 25)

Group B
(n = 25)  P value

End-tidal sevoflurane concentration (%)
    30 min* 1.2 (0.2) 1.4 (0.2) 0.008
    60 min* 1.2 (0.1) 1.4 (0.2) 0.011
    90 min 1.2 (0.1) 1.3 (0.2) 0.084
Mean sevoflurane consumption (ml)
    30 min 7.2 (1.1) 8.8 (2.0) 0.001
    60 min* 13.5 (1.7) 16.5 (3.9) 0.002
    90 min 18.7 (2.6) 20.7 (2.0) 0.097
Duration of analgesia (min) 361.6 (79.5) 151.0 (60.2) < 0.001
Propofol dose (mg) 93.6 (23.1) 95.2 (16.9) 0.781
Intraoperative fentanyl requirement (μg) 111.7 (26.4) 107.4 (21.9) 0.694

Values are expressed as mean (SD). Group A: BSCPB with Bupivacaine (test group), Group B: BSCPB with saline (control group). *Data were skewed 
according to the Shapiro-Wilk analysis for normality; an independent sample t test was applied after log transformation. 
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Fig. 3. Postoperative median visual analog scores. Median visual analog 
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scores were significantly lower in group A compared to group B at 30 
min, 1, 2, and 3 h (P < 0.001). Analgesia extended to 6 h in group A 
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Table 3. Comparison of Mean Peripheral Oxygen Saturation, End-tidal CO2 Concentration, Age-adjusted Minimum Alveolar Concentration, and 
Response and State Entropy Values

Parameter Group A
(n = 25)

Group B
(n = 25) P value

Peripheral oxygen saturation (%) 99.4 (0.5) 99.3 (0.7) 0.563
End-tidal CO2 concentration (mmHg) 32.4 (2.5) 31.4 (3.2) 0.221
Minimum alveolar concentration 1.0 (0.1) 1.0 (0.1) 0.635
Response entropy 57.6 (3.6) 57.7 (4.5) 0.958
State entropy 55.3 (3.8) 54.7 (3.3) 0.558

Values are expressed as mean (SD). Group A: BSCPB with Bupivacaine (test group), Group B: BSCPB with saline (control group).
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circuit loop to deliver sevoflurane and state entropy to monitor 
the depth of anesthesia. We used response entropy, which de-
picts not only the state of anesthesia but also the state of fron-
talis activity, representing a reflex response to pain in the event 
of inadequate analgesia. Sevoflurane was controlled manually, 
which may explain the higher consumption in our study com-
pared to previous ones. Response entropy was chosen because 
it represents not only the state of the brain but also the degree 
of reflex suppression, which is a component of balanced anes-
thesia. We believe that entropy monitoring helped us maintain 
adequate anesthesia depth in the present study, as none of our 
patients complained of recalling any intraoperative event when 
assessed 24 h after surgery.

The volume of sevoflurane consumed was calculated and dis-
played by an inbuilt algorithm fed into the anesthesia worksta-
tion software.

The exact mechanism by which neural blockade results in a 
reduced requirement for anesthesia is not clear, but neuraxial 
anesthesia is associated with sedative properties. Sedation has 
been reported in unpremedicated patients undergoing surgery 
under spinal anesthesia, and an association between level of sen-
sory block and degree of sedation was observed [13]. Inhibition 
of tonic afferent spinal signaling to the brain may explain the 
decrease in alertness level following central neuraxial blockade. 
Afferentation theory, as delineated by Lanier et al. [14], states 
that tonic sensory and muscle-spindle activity maintains a state 
of wakefulness, which is likely integrated via the spinal cord in 
the reticular activating system. Accordingly, an acute decrease 
in tonic afferent input would be expected to decrease the level of 
consciousness and thereby increase susceptibility to anesthetic 
agents. This could also be one of the reasons why neural block-

ade reduces anesthetic consumption [15].
Blockade of pain pathways from the site of surgery using 

regional techniques, such as interpleural, epidural, and caudal 
blocks, also reduces anesthetic consumption and prolongs anal-
gesia apart from providing stable intraoperative hemodynamics 
[16–18]. The BSCPB in the present study likely reduced sevoflu-
rane consumption by inhibiting afferent input to the brain.

The possibility of central nervous system (CNS) depression 
due to absorbed local anesthetics cannot be ruled out. Systemi-
cally absorbed local anesthetics have some depressant effects on 
the CNS. Inadvertent intravenous administration of a large dose 
of lidocaine results in suppression of cortical activity, and sys-
temic infusion of lidocaine reduces the sevoflurane requirement 
[19,20]. However, the amount of local anesthetic used in the 
present study may have been insufficient to induce CNS depres-
sion.

The combination of superficial and deep cervical plexus 
block is expected to provide better analgesia than superficial 
cervical plexus block alone. The incidence of complications is 
higher with a deep cervical plexus block, apart from the tech-
nique being technically more difficult. Hence, we resorted to a 
superficial cervical plexus block alone [21].

A similar study involved 162 patients who underwent elective 
thyroid surgery: 52 received BSCPB (12 ml on each side) with 
0.5% bupivacaine, 54 received 0.5% levobupivacaine, and the 
remainder received normal saline before the induction of gener-
al anesthesia. The depth of anesthesia was monitored using the 
auditory evoked potential. It was observed that mean end-tidal 
desflurane concentration decreased significantly in both groups 
compared to the control group, fewer patients in both interven-
tion groups required analgesics, and it took longer before the 
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first analgesic dose was needed postoperatively [22]. In the pres-
ent study, entropy was used to measure the depth of anesthesia, 
and the end-tidal concentration and sevoflurane consumed were 
assessed. The results of our study are similar to the observations 
in the aforementioned study.

Post-thyroidectomy pain can be moderate to severe, at least 
during the first 24 h after surgery, which makes it imperative 
to plan for proper postoperative analgesia. Pain following thy-
roidectomy can vary from 40 to 70 cm on a 100 cm VAS [23]. 
BSCPB as a modality of pain relief has shown conflicting results. 
Some authors observed that BSCPB had a significant postoper-
ative analgesic effect [2,24,25], whereas others did not observe 
much difference in either the VAS score or the requirement for 
total patient-controlled analgesia [8,26]. A meta-analysis by 
Warschkow et al. [27] involving eight randomized controlled tri-
als showed that superficial cervical plexus block was efficient for 
reducing pain during the first 24 h after surgery, but the mag-
nitude of pain relief was too small to be clinically significant. 
However, in the present study, we observed a significant reduc-
tion in median VAS score and prolonged duration of analgesia. 
We observed a steady increase in VAS score, as the patients were 
not given any analgesics until they demanded them. However, 
all patients received rescue analgesics once they complained of 
mild pain (VAS ≥ 4). The pressure of saline over nerves and the 
residual effects of analgesics administered intraoperatively may 
explain the 150 min of analgesia noted in the control group [28]. 
Procedural failure and ineffective regional block can be a prob-
lem. Unfortunately, there is no good method to confirm proce-

dural success [21], although ultrasound-based techniques seem 
to improve the success rate [29].

A few limitations of this study should be mentioned. First, 
the present study did not record recovery characteristics, such as 
time to extubation or time to discharge from the postanesthesia 
care unit; hence, it is not possible to comment on the effects of 
reduced consumption on recovery. But none of the patients in 
the present study took more than 30 min for a complete recov-
ery as assessed clinically. Second, 24 h analgesic consumption 
was not recorded, so it is not possible to comment on the effects 
of the block on postoperative analgesic requirements. In addi-
tion, use of the blind landmark-based technique rather than 
ultrasound guidance to administer the block in this study is an-
other limitation. Future studies should assess the effects of this 
block on long-term benefits of pain relief and assess whether the 
reduced anesthetic consumption reflects the recovery pattern.

In conclusion, administration of BSCPB before the induction 
of anesthesia was associated with reduced sevoflurane consump-
tion and provided analgesia during the early postoperative peri-
od.
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