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Abstract: The optimal intrathecal dose of local anaesthetic for caesarean section (CS) anaesthesia is still
being debated. We performed a study to compare the effectiveness and safety of spinal anaesthesia with
12.5 mg of hyperbaric bupivacaine and a dosing regimen of conventional doses adjusted to parturient
height. One hundred and forty parturients scheduled for elective CS were enrolled. The fixed-dose
group (FD) received a spinal block with 12.5 mg of hyperbaric bupivacaine with fentanyl, whereas the
adjusted-dose group (AD) received a height-adjusted dose of bupivacaine (9–13 mg) with fentanyl.
Sensory block ≥ T5 dermatome within 10 min and no need for supplementary analgesia were set
as the composite primary outcome (success). Rates of successful blocks and complications were
compared. Complete data were available for 134 cases. Spinal anaesthesia was successful in 58 out of
67 patients in the FD group and 57 out of 67 in the AD group (p > 0.05). Eight spinals in each group
failed to produce a block ≥ T5 in 10 min, and one patient in the FD group and two in the AD group
required i.v. analgesics despite sensory block ≥ T5. No differences were noted in terms of hypotension,
bradycardia and nausea between the FD and AD groups. Compared to the height-adjusted dose
regimen based on conventional doses of hyperbaric bupivacaine, the fixed dose regimen of 12.5 mg
was equally effective and did not increase the risk of spinal block-related complications.
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1. Introduction

Spinal block is the most common type of anaesthesia used for caesarean section (CS), with
nearly 95% of elective and 45% of emergency procedures performed under spinal or spinal-epidural
anaesthesia [1,2]. Due to pregnancy-related cardiovascular changes and required high block
levels, the risk of spinal block-related complications in full-term parturients is substantial, of which
hypotension, bradycardia and nausea are of major concern [3].

The intrathecal dose of hyperbaric bupivacaine effective in 95% (ED95) of spinals for caesarean
section has been established to be 11.2 mg [4], 0.06 mg/cm of height [5], or even more recently 12.6 mg
of hyperbaric bupivacaine [6].

Limiting the intrathecal dose of local anaesthetic (LA) to doses as low as 6–7 mg of hyperbaric
bupivacaine has been proposed in order to minimize the complication rate, but this comes at an
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increased risk of inadequate anaesthesia and thus may require the use of combined spinal-epidural
technique to assure the desired level of effectiveness [7–9].

Dose-adjustment protocols were proposed for conventional doses, with the main interest in
limiting the rate of spinal block-related maternal hypotension. Despite convincing data on no relation
between intrathecal spread of local anaesthetic and maternal height and weight, adjusting the dose of
LA to patient size is still being debated [10–15].

Whether it is clinically indicated to adjust the doses nearing ED95 of heavy bupivacaine to
maternal size remains unclear.

The standard protocol in our centre is based on relatively high doses of hyperbaric bupivacaine
(close to ED95), which are adjusted to parturient height.

This study was designed to compare the outcomes of spinal anaesthesia performed with 12.5 mg
of hyperbaric bupivacaine with 25 µg of fentanyl to a dosing regimen incorporating conventional
doses of bupivacaine (9–13 mg) adjusted to parturient height with 25 µg of fentanyl. We hypothesized
that using a fixed dose of 12.5 mg hyperbaric bupivacaine would result in better effectiveness than a
height-adjusted dose of hyperbaric bupivacaine, without increasing the rate of hypotension.

2. Materials and Methods

2.1. Study Design and Participants

This parallel, randomised, double-blinded study with a planned allocation ratio of 1:1 was
performed between July 2017 and July 2019 in the 1st and 2nd Department of Obstetrics and
Gynaecology and the Department of Anaesthesiology and Intensive Care, Centre of Postgraduate
Education, Bielanski Hospital and Orlowski Hospital, Warsaw, Poland. This report remains in
accordance with the Consolidated Standards of Reporting Trials (CONSORT) guidelines on reporting
parallel group randomised trials and was registered in ClinicalTrials.com: NCT 03231436. The Study
protocol was approved by the institutional Ethics Committee on 12th July 2017 (65/PB/2017). All enrolled
subjects provided written informed consent to participate in the study.

Healthy, full-term (gestation > 37 weeks) parturients over 18 years of age with a singleton
pregnancy scheduled for elective CS were enrolled in the study. In order to minimize potential
bias related to coexisting comorbidities, strict exclusion criteria were applied as follows: absolute
contraindications to neuraxial anaesthesia, history of three or more CS’s, American Society of
Anesthesiologists (ASA) physical status > 2, body mass index (BMI) > 35 kg/m2. Women with any
known cardiovascular comorbidity were also excluded (e.g., primary hypertension, pregnancy-induced
hypertension, any form of arrhythmia), as well as women in active labour, with intrauterine growth
retardation (IUGR), known foetal abnormalities and increased risk of postpartum haemorrhage
(e.g., placenta accreta/percreta).

2.2. Blinding

Sequentially numbered sealed envelopes containing hyperbaric bupivacaine dose descriptions
according to allocated group were handed to the anaesthetist performing the spinal block prior to
the beginning of the procedure. Blinding was ensured by the presence of two anaesthetists: one not
blinded to the group allocation, who prepared the dose for spinal injection and performed the spinal
block and the second blinded to the group allocation, who was in charge of patient preparation for
anaesthesia in the operating room (OR) and for the procedure after the block was placed, but who was
not present during dose preparation and intrathecal injection.

2.3. Perioperative Care, Study Intervention and Data Acquisition

All patients fasted for 6 h and received an infusion of 1000 mL crystalloids within an hour prior to
the procedure, 50 mg of ranitidine, 10 mg of metoclopramide and 2 g of cefazoline. After admission to
the operating room (OR), routine monitoring was applied (blood pressure, pulse oximetry, continuous
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electrocardiogram) along with an intravenous infusion of 500 mL of balanced crystalloid (co-loading).
At this point every parturient was informed on possible symptoms which could be experienced after
the block placement and during the procedure, with an emphasis on pain, nausea and vomiting.
Throughout the surgery patients were frequently asked about these symptoms and advised to report
even mild nausea and pain, even if considered insignificant.

Spinal anaesthesia was performed in the seated position, in the L3/4 or L4/5 interspace, judged by
Tuffier’s line, using a 27 gauge pencil point spinal needle with an introducer, with the needle orifice
directed laterally during intrathecal injection. After the injection, the patient remained seated for
10–15 s and was then placed supine with 15 degrees of left lateral tilt. The fixed dose group received
spinal anaesthesia with 12.5 mg (2.5 mL) of 0.5% hyperbaric bupivacaine and 25 µg of fentanyl (0.5 mL),
whereas the adjusted dose group received a height-adjusted dose (Table 1) and 25 µg of fentanyl
(0.5 mL).

Table 1. Height-adjusted bupivacaine doses used in adjusted-dose (AD) group.

Height Dose of Hyperbaric Bupivacaine in AD Group

cm mL mg
150–155 1.8 9
156–160 2.0 10
161–165 2.2 11
166–170 2.4 12

>170 2.6 13

Sensory loss to cold (ethyl chloride spray) was determined bilaterally every 2 min for the first
10 min, then after 20, 30 and 40 min. For assessment of motor block a modified Bromage scale was
used (0: no motor block, 1: inability to raise extended legs, 2: inability to flex knees, able to move feet,
3: inability to do dorsiflexion of foot, 4: inability to move at all). Surgery commenced once sensory
block ≥T5 was achieved and complete motor block was established (Bromage score 4). Both time
to reach T5 level of block and time to surgical incision were recorded. Following delivery, 5 units
of oxytocin or 100 µg of carbetocin were administered i.v. and the operating table was returned to
neutral position. If the patient reported significant discomfort or pain after the incision and prior to
delivery, single dose of ketamine and propofol was administered as rescue medications. If not sufficient,
conversion to general anaesthesia was planned. After delivery 50 µg of fentanyl was given i.v. as
first choice, followed by ketamine and propofol if necessary. Intravenous anaesthetics or analgesics
administered in the OR both intraoperatively and postoperatively were recorded and reported as the
need for supplemental analgesia.

Demographic variables recorded prior to procedure were age, weight, height, weight gain during
pregnancy, parity and gestational age. Neonatal weight and Apgar scores were acquired and recorded
after delivery.

Automated, noninvasive blood pressure measurements were taken twice before the spinal block,
immediately after block placement and afterwards every three minutes. The lower of the two
pre-spinal mean arterial pressures (MAP) and systolic blood pressures (SBP) were considered baseline.
Hypotension was defined as a > 30% drop in MAP from baseline or SBP < 85 mmHg at any point
during the procedure and was treated with ephedrine 5 mg, repeatedly if necessary. Heart rate <

60/min was considered bradycardia, which was recorded and treated with i.v. 0.6 mg of atropine.
Intraoperative fluid management consisted of balanced crystalloids at the discretion of the responsible
anaesthetist. Incidence of hypotension, bradycardia and a total dose of ephedrine administered were
recorded. All episodes of nausea and vomiting were recorded until the patient was transferred to the
recovery room. Intensity of nausea was not graded, while both retching and vomiting were recorded
and analysed as vomiting. Postoperative pain management consisted of 1g of paracetamol every 6 h
and 10 mg subcutaneous morphine every 3 h when pain on the numeric rating scale (NRS) > 3, and an
i.v. morphine top-up if required, at the discretion of anaesthetist in charge. Data on the time from
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spinal block to first postoperative opioid requirement and the total amount used were retrospectively
obtained from recovery room charts.

2.4. Primary and Secondary Outcomes

Our primary outcome was successful spinal block, defined as sensory loss to cold in the ≥
T5 dermatome within 10 min of intrathecal injection and with no need for supplemental analgesia
throughout the procedure.

Secondary endpoints were the occurrence of complications (hypotension, bradycardia, nausea,
vomiting), time from spinal injection to first dose of opioid and postoperative opioid consumption
(total dose of morphine in 24 h after surgery).

2.5. Sample Size and Statistical Analysis

Sample size calculation revealed that 63 subjects were required in each group for the study to
detect a 15% difference in success ratio with 90% power and a significance level of α = 0.05. Considering
the reported differences in effectiveness between low and standard doses of bupivacaine, we assumed
a 15% difference to be of clinical significance [9]. On-line randomisation using block randomisation
method was performed with a 1:1 allocation ratio for 140 cases, allowing for a number of drop-outs.

Nominal variables are presented as n (%), and continuous variables as a mean (±SD) or median
(IQR), depending on the distribution of data. Continuous variables were compared with the use of
independent samples t-test or Mann-Whitney U test. Dichotomous variables were analysed with
the χ2 test or Fisher exact test, as appropriate. Relative risk (RR) was calculated for nominal and
differences in means or differences in medians (MD) for continuous variables, with 95% confidence
interval (CI). To allow for RR calculations in cases of zero incidence, 0.5 was added to all ingredients of
equation. All tests were two-tailed, and differences were considered significant at the level of p < 0.05.
Analyses were performed with statistical software R version 3.5.1 (www.r-project.org), R Foundation
for Statistical Computing, Vienna, Austria.

3. Results

Between July 2017 and July 2019, 350 women were assessed for eligibility of whom 141 met the
inclusion criteria. A total of 140 patients was enrolled, 70 in each group. One parturient declined to
participate in the study. The CONSORT flow diagram is presented in Figure 1. Three patients in each
group were excluded from analysis: in four cases (two in each group), there was no clinical sign of
spinal blockade after intrathecal injection and the procedure had to be repeated. One case in each
group was excluded due to protocol violation (sedation administered for the reason other than block
failure—adjusted dose (AD) group; inability to assume fully supine position following intrathecal
injection—fixed dose (FD) group).

A total of 134 cases were finally analysed. Demographic data, baseline obstetric characteristics and
neonatal outcomes were no different between the groups, except for bupivacaine doses, which were
significantly lower in the AD group (Table 2). The study population consisted of relatively tall women:
there were only 3 patients ≤ 155 cm of height in each group. All parturients were Caucasian except for
one, who was Asian.

www.r-project.org
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram.

Table 2. Demographic, obstetric and procedure-related data.

FD Group
(n = 67)

AD Group
(n = 67) p

Age, years 34.0 (32.0–36.0) 33.0 (30.0–36.0) 0.514
Weight, kg 75.73 ± 9.30 78.80 ± 12.17 0.104
Height, cm 165.97 ± 5.83 166.24 ± 6.03 0.794

Body mass index, kg/m2 27.49 ± 3.08 28.44 ± 3.60 0.103
Pregnancy weight gain, kg 14.0 (10.0–17.0) 13.0 (10.0–15.5) 0.675

Parity 2.0 (1.0–2.0) 2.0 (1.0–2.0) 0.667
Gestational age, weeks 39.0 (38.0–39.0) 39.0 (38.0–39.0) 0.198

Baseline systolic blood pressure (SBP), mmHg 134.0 (127.0–143.0) 135.0 (124.5–142.0) 0.824
Baseline mean arterial pressure (MAP), mmHg 103.53 ± 10.91 104.17 ± 12,33 0.751

Baseline heart rate (HR), beats/min 94.03 ± 14.96 96.21 ± 14.46 0.393
Time to reach T5 dermatome, min 5.0 (5.0–10.0) 5.0 (5.0–10.0) 0.567

Time to incision, min 8.39 (±2.28) 8.58 (±2.24) 0.621
Neonatal weight, g 3444.7 ± 500.6 3461.2 ± 426.2 0.842

Apgar score 10.0 (10.0–10.0) 10.0 (10.0–10.0) 0.136
Bupivacaine dose, mg 12.5 (12.5–12.5) 11.0 (11.0–13.0) <0.001

Data are presented as mean (± standard deviation) or median (interquartile range). FD-fixed dose; AD -adjusted dose.

3.1. Primary Outcome

There was no difference in the number of successful spinal blocks between the groups as defined
by study protocol, with a success rate of 86.6% in the FD group and 85.1% in the AD group (Table 3).
Due to a pre-defined primary endpoint, all spinals that failed to produce a block level of at least T5 in
10 min following intrathecal injection were considered failures, regardless of the final block level or
further requirement of additional analgesia. Eight patients in each group fulfilled this criterion. Only
one patient in the FD group and two in the AD group required supplemental analgesia despite sensory
block of ≥ T5 at 10 min. Of patients with spinal block below T5 at 10 min two patients in FD group and
none in AD group required systemic analgesia during the procedure.
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Table 3. Anaesthetic outcomes in study groups and height distribution.

FD Group
(n = 67)

AD Group
(n = 67) RR (95% CI) p

Primary outcome measures
Number of successful blocks 58 (86.6) 57 (85.1) 1.02 (0.89; 1.17) >0.999

Block level <T5 at 10 min 8 (11.9) 8 (11.9) 1.00 (0.39; 2.50) >0.999
Supplemental analgesia required 1 (1.5) 2 (3.0) 0.5 (0.05; 5.38) >0.999

Highest block levels in groups assessed
T1 2 (3.0) 4 (6.0) 0.50 (0.09; 2.63) 0.680
T2 17 (25.4) 9 (13.4) 1.89 (0.91; 3.93) 0.126
T3 19 (28.4) 16 (23.9) 1.19 (0.67; 2.10) 0.694
T4 25 (37.3) 34 (50.7) 0.73 (0.50; 1.09) 0.164
T5 3 (4.5) 2 (3.0) 1.50 (0.26; 8.69) >0.999
T6 1 (1.5) 2 (3.0) 0.50 (0.05; 5.38) >0.999

Height distribution in study groups
150–155 cm 3 (4.4) 3 (4.4) n/a >0.999
156–160 cm 8 (11.9) 10 (14.9) n/a 0.801
161–165 cm 24 (35.8) 22 (32.8) n/a 0.857
166–170 cm 22 (32.8) 15 (22.4) n/a 0.249

>170 cm 10 (14.9) 17 (25.4) n/a 0.195

Data presented as n (%) and RR (95% CI). RR-relative risk; CI-confidence interval; FD-fixed dose; AD-adjusted dose.
n/a: not applicable.

The distribution of the final level of sensory blockade was also similar in both groups, and the
vast majority of blocks reached the level of T4 or higher (Table 3).

The highest observed level of block was T1, which was seen in four patients in the AD group and
two patients in the FD group. Ketamine, propofol and fentanyl (added after delivery) were required in
three cases (inadequate block before delivery: two in the FD group and one in the AD group), whereas
i.v. fentanyl was sufficient in two cases (one in each group); no conversions to general anaesthesia
were necessary.

3.2. Secondary Outcomes

No significant differences were noted in terms of secondary endpoints. Spinal block-related
complications and postoperative opioid consumption are summarised in Table 4.

Table 4. Secondary outcomes. Data presented as n (%) or median (interquartile range).

FD Group
(n = 67)

AD Group
(n = 67) RR/MD (95% CI) p

Hypotension 40 (59.7) 36 (53.7) 1.11 (0.83; 1.50) 0.655
Bradycardia 2 (3.0) 0 (0.0) 5.00 (0.24; 102.23) 0.496

Nausea 19 (28.4) 14 (20.9) 1.36 (0.74; 2.48) 0.423
Vomiting 3 (4.5) 0 (0.0) 7.0 (0.36; 132.96) 0.244

Ephedrine, mg 0.0 (0.0–10.0) 0.0 (0.0–5.0) 0.00 (-0.00002; 0.00001) 0.601
Time to first opioid
requirement, min 210.0 (166.3–290.8) 220.5 (166.3–270.0) −10.50 (−27.00; 35.00) 0.813

Total morphine, mg 20.0 (10.0–20.0) 20.0 (10.0–20.0) 0.00 (−0.00007; 0.000007) 0.109

RR-relative risk; MD-median difference; CI-confidence interval. FD-fixed dose; AD-adjusted dose.

The rate of complications was similar in both groups, of which bradycardia and vomiting occurred
in the FD group only. Bradycardia was effectively treated with a single dose of atropine 0.6 mg,
while nausea and vomiting episodes were one-off events and no specific treatment was necessary.

There was no difference in hypotension rate between the groups. Of interest, none of the three
women less than 155 cm in height in the FD group and two in the AD group required vasopressor
for hypotension.
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Five patients in the FD group and one in the AD group did not require postoperative opioids,
while neither time to first dose nor total amount of morphine given during 24 h after surgery differed
between the groups.

4. Discussion

This study showed that using a fixed dose of 12.5 mg of hyperbaric bupivacaine, regardless
of parturient height, resulted in a similar success and complication rate when compared to a
height-adjusted regimen (9–13 mg) in a population of fairly tall patients.

The quest for the ideal intrathecal dose of local anaesthetic has been ongoing for decades, since
atraumatic spinal needles were introduced and neuraxial blocks became the most common mode of
anaesthesia for caesarean section [16].

The primary end-point of this study was established to assess clinical effectiveness of the compared
regimens. For this reason, it was defined as both successful anaesthesia at 10 min following intrathecal
injection and no need for supplemental analgesics during the procedure. No differences were found
between the groups in this regard. As spinal blockade may need different lengths of time to reach
its maximal level, the time used to define success in clinical trials varies between 10 min [4,12,17,18],
15 min [19], or even 20 min [5,20].

Although longer spinal-to-incision times are not regarded as harmful to the parturient, some data
indicate that it may pose a threat to neonatal wellbeing [21]. In urgent cases the time constraint may
become one of the most important factors.

Using conventional doses of LA and assuming a high success rate, we did not use epidural
catheters as part of the anaesthetic plan, which is a common practice in studies on the effectiveness of
low dose spinal anaesthesia, and may prolong the time needed to perform the block [16,22].

To the best of our knowledge, this is the first trial where the effectiveness of anaesthesia was set as
a primary end point and doses near the ED95 of hyperbaric bupivacaine were used in both groups.
Despite high doses of bupivacaine, the number of high blocks (maximum level T2, T1) was similar in
both groups and none reached cervical levels. Higher block levels were reported with lower and even
much lower doses [13,23].

Many factors could contribute to this outcome: body positioning during the procedure (sitting),
the level of injection (L3/4 or L4/5), body composition (mean height > 165 cm in both groups) and, less
likely, the fact that patients remained in a seated position for 10–15 s following intrathecal injection [24].

The success rate was high, and the time needed to achieve the required level of block was short in
both groups, with no statistical differences between them in this regard. This implies that adjusting the
dose in range used in this study (9–13 mg) results in a similar success ratio to using a fixed dose of
12.5 mg of hyperbaric bupivacaine.

Despite obvious advantages over other types of anaesthesia, it is impossible to ignore complications
caused by intrathecal administration of local anaesthetics in full-term parturients, of which hypotension
is the most frequent and may affect maternal and neonatal outcomes. No statistical differences were
found between the groups in the frequency of hypotension, bradycardia, nausea and vomiting.

The rate of hypotension was high and use of vasopressor was necessary in more than half
of the patients in both groups, which is not uncommon when compared to results of other trials.
Minimizing the risk of hypotension was the main purpose of previously proposed dose-adjusting
strategies [13,14,25].

However, as the definition of hypotension varies greatly between trials, it is difficult to compare
their results [26]. The criteria for hypotension used in our study assumed a quite low absolute SBP
(<85 mmHg) and a significant drop in MBP from baseline (>30%). It may be noted that the baseline
SBP of patients was rather high (>130 mmHg). No differences were found in the rate of hypotension
between groups, which is in contrast to the results of a benchmark study by Harten et al., where
dose adjusting (6.5–12 mg) was according to a two-factor regimen (height and weight), reducing the
incidence of hypotension when compared to a fixed dose of 12 mg bupivacaine [13]. In a study by



J. Clin. Med. 2020, 9, 3600 8 of 10

Alam et al., where the same two-factor adjustment strategy was compared with a fixed dose regimen
of 10 mg, no significant differences were found regarding effectiveness and hypotension ratio between
groups [14].

Weight was not included as a factor determining dosage in our dose-adjusted group. The influence
of body weight on the subarachnoid spread of local anaesthetic has been debated but is still not clear
which factor most contributes to this [12,19]. Although obesity does not appear to influence the ED95
dose, it is suggested that higher BMI may increase the risk of spinal-induced hypotension [27].

Incidence of nausea and vomiting was similar, while vomiting was noted in the FD group only.
It is worthy of note that the frequency of maternal nausea and vomiting was low. Similar rates were
reported in studies where low doses of LA were used [14,28]. Therefore, the results of our study do not
support the notion that adjusting conventional doses of bupivacaine to patient’s height will prevent
nausea and vomiting. Similarly, there were no statistical differences in neonatal outcomes, time to first
opioid request nor the quantity of morphine used postoperatively between groups.

There are some limitations to this study. Firstly, this study was designed to detect a difference in
effectiveness of 15%. It may be argued that even a lower difference might be of significance, but in
order to detect this larger trials would be required. Secondly, our study population consisted of healthy,
rather tall, and lean women. Since a vital part of the study protocol relied on dose adjustment according
to height, patients with extremes of height were not excluded. BMI of the study population was
limited to < 35 in order to avoid the potential confounding variable of obesity and achieve a reasonably
homogenous group in terms of body composition. Therefore, our results are not representative for all
full-term pregnant women.

Thirdly, the difference in complication rate this study was able to detect was not pre-defined
and results regarding maternal hypotension naturally depend on the criteria used for its assessment.
Our criteria assumed a quite significant decrease in blood pressure. It is not possible to rule out the
possibility of different results if other, more strict cut-off values would have been used for defining
spinal-induced hypotension, both in terms of incidence and differences between the groups. Further
complication-targeted studies may be required to focus on the safety of the compared strategies.

5. Conclusions

To conclude, our study showed that adjusting conventional doses of hyperbaric bupivacaine
(in the range of 9–13 mg) in combination with fentanyl to the patient’s height results in a similar
success ratio and risk of spinal block-related complications when compared to a fixed dose of 12.5 mg
bupivacaine with fentanyl in non-obese, fairly tall women. Further studies may be needed to explore
safety and clinical application of the compared strategies in parturients of different body habitus.

Author Contributions: Conceptualization, K.B. and B.H.; methodology, K.B., B.H., A.S. and M.M.-M.; formal
analysis, K.B. and M.M.-M.; data acquisition, K.B., B.H., A.S. and M.M.-M.; data curation, K.B. and B.H.;
writing—original draft preparation, K.B. and B.H.; writing—review and editing, A.S. and M.M.-M.; supervision,
M.M.-M.; All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: Authors thank Hanna Kucia, and Piotr Gruszko, for their clinical support.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Jenkins, J.G.; Khan, M.M. Anaesthesia for Caesarean section: A survey in a UK region from 1992 to 2002.
Anaesthesia 2003, 58, 1114–1118. [CrossRef] [PubMed]

2. Colvin, J.R.; Peden, C.J. Raising the Standard. A Compendium of Audit Recipes for Continuous Quality Improvement
in Anaesthesia, 3rd ed.; The Royal College of Anaesthetists: London, UK, 2012; Available online: https:
//www.rcoa.ac.uk/sites/default/files/documents/2019-09/CSQ-ARB-2012_0.pdf (accessed on 20 July 2020).

http://dx.doi.org/10.1046/j.1365-2044.2003.03446.x
http://www.ncbi.nlm.nih.gov/pubmed/14616600
https://www.rcoa.ac.uk/sites/default/files/documents/2019-09/CSQ-ARB-2012_0.pdf
https://www.rcoa.ac.uk/sites/default/files/documents/2019-09/CSQ-ARB-2012_0.pdf


J. Clin. Med. 2020, 9, 3600 9 of 10

3. Wei, C.-N.; Zhou, Q.-H.; Wang, L.-Z. Abdominal girth and vertebral column length aid in predicting
intrathecal hyperbaric bupivacaine dose for elective cesarean section. Medicine 2017, 96, e7905. [CrossRef]
[PubMed]

4. Ginosar, Y.; Mirikatani, E.; Drover, D.R.; Cohen, S.E.; Riley, E.T. ED50and ED95of Intrathecal Hyperbaric
Bupivacaine Coadministered with Opioids for Cesarean Delivery. Anesthesiology 2004, 100, 676–682.
[CrossRef] [PubMed]

5. Danelli, G.; Zangrillo, A.; Nucera, D.; Giorgi, E.; Fanelli, G.; Senatore, R.; Casati, A. The minimum effective
dose of 0.5% hyperbaric spinal bupivacaine for cesarean section. Minerva Anestesiol. 2001, 67, 573–577.
[PubMed]

6. Onishi, E.; Murakami, M.; Hashimoto, K.; Kaneko, M. Optimal intrathecal hyperbaric bupivacaine dose with
opioids for cesarean delivery: A prospective double-blinded randomized trial. Int. J. Obstet. Anesth. 2017,
31, 68–73. [CrossRef]

7. Van De Velde, M. Low-dose spinal anesthesia for cesarean section to prevent spinal-induced hypotension.
Curr. Opin. Anaesthesiol. 2019, 32, 268–270. [CrossRef] [PubMed]

8. Rucklidge, M.W.M.; Paech, M. Limiting the dose of local anaesthetic for caesarean section under spinal
anaesthesia—Has the limbo bar been set too low? Anaesthesia 2012, 67, 347–351. [CrossRef] [PubMed]

9. Arzola, C.; Wieczorek, P.M. Efficacy of low-dose bupivacaine in spinal anaesthesia for Caesarean delivery:
Systematic review and meta-analysis. Br. J. Anaesth. 2011, 107, 308–318. [CrossRef] [PubMed]

10. Norris, M.C. Height, Weight, and the Spread of Subarachnoid Hyperbaric Bupivacaine in the Term Parturient.
Anesth. Analg. 1988, 67, 555–558. [CrossRef]

11. De Simone, C.; Leighton, B.L.; Norris, M.C. Spinal anesthesia for cesarean delivery. A comparison of two
doses of hyperbaric bupivacaine. Reg. Anesth. J. Neural Blockade Obstet. Surg. Pain Control. 1995, 20, 90–94.

12. Carvalho, B.; Collins, J.; Drover, D.R.; Ralls, L.A.; Riley, E.T. ED50and ED95of Intrathecal Bupivacaine in
Morbidly Obese Patients Undergoing Cesarean Delivery. Anesthesiology 2011, 114, 529–535. [CrossRef]
[PubMed]

13. Harten, J.M.; Boyne, I.; Hannah, P.; Varveris, D.; Brown, A. Effects of a height and weight adjusted dose
of local anaesthetic for spinal anaesthesia for elective Caesarean section. Anaesthesia 2005, 60, 348–353.
[CrossRef]

14. Alam, W.; Yaqub, K.M.; Saeed, M.A. Fixed dose vs height and weight adjusted dose of bupivacaine for
caesarean section: A randomised controlled trial. J. Pak. Med. Assoc. 2018, 68, 1345–1349. [PubMed]

15. Huang, B.; Huang, Q.; Hai, C.; Zheng, Z.; Li, Y.; Zhang, Z. Height-based dosing algorithm of bupivacaine
in spinal anaesthesia for decreasing maternal hypotension in caesarean section without prophylactic fluid
preloading and vasopressors: Study protocol for a randomised controlled non-inferiority trial. BMJ Open
2019, 9, e024912. [CrossRef]

16. Riley, E.T.; Cohen, S.E.; Macario, A.; Desai, J.B.; Ratner, E.F. Spinal Versus Epidural Anesthesia for Cesarean
Section. Anesth. Analg. 1995, 80, 709–712. [CrossRef]

17. Xiao-Min, Z.; Xu, W.-P.; Zhang, X.-M.; Zhang, Y.-F.; Wang, L.-Z.; Chen, X.-Z. ED50 and ED95 of Intrathecal
Bupivacaine Coadministered with Sufentanil for Cesarean Delivery Under Combined Spinal-epidural in
Severely Preeclamptic Patients. Chin. Med. J. 2015, 128, 285–290. [CrossRef] [PubMed]

18. Xiao, F.; Xu, W.; Feng, Y.; Fu, F.; Zhang, X.; Zhang, Y.; Wang, L.; Chen, X. Intrathecal magnesium sulfate
does not reduce the ED50 of intrathecal hyperbaric bupivacaine for cesarean delivery in healthy parturients:
A prospective, double blinded, randomized dose-response trial using the sequential allocation method. BMC
Anesthesiol. 2017, 17, 1–8. [CrossRef]

19. Lee, Y.; Balki, M.; Parkes, R.; Carvalho, J.C.A. Dose requirement of intrathecal bupivacaine for cesarean
delivery is similar in obese and normal weight women. Braz. J. Anesthesiol. 2009, 59, 674–683. [CrossRef]

20. Hennebry, M.C.; Stocks, G.M.; Belavadi, P.; Barnes, J.; Wray, S.; Columb, M.; Lyons, G. Effect of i.v.
phenylephrine or ephedrine on the ED50 of intrathecal bupivacaine with fentanyl for Caesarean section. Br.
J. Anaesth. 2009, 102, 806–811. [CrossRef]

21. Rimsza, R.R.; Perez, W.M.; Babbar, S.; O’Brien, M.; Vricella, L.K. Time from neuraxial anesthesia placement to
delivery is inversely proportional to umbilical arterial cord pH at scheduled cesarean delivery. Am. J. Obstet.
Gynecol. 2019, 220, 389.e1–389.e9. [CrossRef]

http://dx.doi.org/10.1097/MD.0000000000007905
http://www.ncbi.nlm.nih.gov/pubmed/28834913
http://dx.doi.org/10.1097/00000542-200403000-00031
http://www.ncbi.nlm.nih.gov/pubmed/15108985
http://www.ncbi.nlm.nih.gov/pubmed/11602876
http://dx.doi.org/10.1016/j.ijoa.2017.04.001
http://dx.doi.org/10.1097/ACO.0000000000000712
http://www.ncbi.nlm.nih.gov/pubmed/30747727
http://dx.doi.org/10.1111/j.1365-2044.2012.07104.x
http://www.ncbi.nlm.nih.gov/pubmed/22409791
http://dx.doi.org/10.1093/bja/aer200
http://www.ncbi.nlm.nih.gov/pubmed/21841049
http://dx.doi.org/10.1213/00000539-198806000-00010
http://dx.doi.org/10.1097/ALN.0b013e318209a92d
http://www.ncbi.nlm.nih.gov/pubmed/21307769
http://dx.doi.org/10.1111/j.1365-2044.2005.04113.x
http://www.ncbi.nlm.nih.gov/pubmed/30317262
http://dx.doi.org/10.1136/bmjopen-2018-024912
http://dx.doi.org/10.1097/00000539-199504000-00010
http://dx.doi.org/10.4103/0366-6999.150083
http://www.ncbi.nlm.nih.gov/pubmed/25635420
http://dx.doi.org/10.1186/s12871-017-0300-z
http://dx.doi.org/10.1016/S0034-7094(09)70092-3
http://dx.doi.org/10.1093/bja/aep095
http://dx.doi.org/10.1016/j.ajog.2019.01.006


J. Clin. Med. 2020, 9, 3600 10 of 10

22. Van De Velde, M.; Van Schoubroeck, D.; Jani, J.; Teunkens, A.; Missant, C.; Deprest, J. Combined
Spinal-Epidural Anesthesia for Cesarean Delivery: Dose-Dependent Effects of Hyperbaric Bupivacaine on
Maternal Hemodynamics. Anesth. Analg. 2006, 103, 187–190. [CrossRef] [PubMed]

23. Leo, S.; Sng, B.L.; Lim, Y.; Sia, A.T.H. A Randomized Comparison of Low Doses of Hyperbaric Bupivacaine
in Combined Spinal-Epidural Anesthesia for Cesarean Delivery. Anesth. Analg. 2009, 109, 1600–1605.
[CrossRef]

24. Moore, A.; Kaufman, I.; Moustafa, M.; Derzi, S.; Hatzakorzian, R.; LiPishan, W.; El-Mouallem, E.;
El-Bahrawy, A. An up-down determination of the required seated duration after intrathecal injection
of bupivacaine and fentanyl for the prevention of hypotension during Cesarean delivery Détermination, à
l’aide d’une méthode en escalier, de la durée requise en position assise après une injection intrathécale de
bupivacaïne et de fentanyl pour prévenir l’hypotension pendant un accouchement par césarienne. Can. J.
Anesth. J. Can. D’anesthésie 2017, 64, 1002–1008. [CrossRef]

25. Subedi, A.; Tripathi, M.; Bhattarai, B.K.; Gupta, P.K.; Pokharel, K.; Regmi, M.C. The effect of height and
weight adjusted dose of intrathecal hyperbaric bupivacaine for elective caesarean section. J. Nepal. Med.
Assoc. 2012, 51, 1–6. [CrossRef]

26. Klöhr, S.; Roth, R.; Hofmann, T.; Rossaint, R.; Heesen, M. Definitions of hypotension after spinal anaesthesia
for caesarean section: Literature search and application to parturients. Acta Anaesthesiol. Scand. 2010,
54, 909–921. [CrossRef] [PubMed]

27. Wang, H.-Z.; Chen, H.-W.; Fan, Y.-T.; Jing, Y.-L.; Song, X.-R.; She, Y.-J. Relationship Between Body Mass Index
and Spread of Spinal Anesthsia in Pregnant Women: A Randomized Controlled Trial. Med. Sci. Monit. 2018,
24, 6144–6150. [CrossRef]

28. Alimian, M.; Mohseni, M.; Faiz, S.H.R.; Rajabi, A. The Effect of Different Doses of Intrathecal Hyperbaric
Bupivacaine Plus Sufentanil in Spinal Anesthesia for Cesarean Sections. Anesthesiol. Pain Med. 2017, 7, 14426.
[CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1213/01.ane.0000220877.70380.6e
http://www.ncbi.nlm.nih.gov/pubmed/16790651
http://dx.doi.org/10.1213/ANE.0b013e3181b72d35
http://dx.doi.org/10.1007/s12630-017-0931-z
http://dx.doi.org/10.31729/jnma.17
http://dx.doi.org/10.1111/j.1399-6576.2010.02239.x
http://www.ncbi.nlm.nih.gov/pubmed/20455872
http://dx.doi.org/10.12659/MSM.909476
http://dx.doi.org/10.5812/aapm.14426
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Blinding 
	Perioperative Care, Study Intervention and Data Acquisition 
	Primary and Secondary Outcomes 
	Sample Size and Statistical Analysis 

	Results 
	Primary Outcome 
	Secondary Outcomes 

	Discussion 
	Conclusions 
	References

