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Background: A typical side effect of spinal anaesthesia is post-spinal hypotension. Its overall incidence ranges between 25-75% in the
general population, and it is even higher in pregnant mothers who underwent a caesarean delivery. Post-spinal hypotension-related adverse
effects can be prevented by having adequate evidence-based knowledge about their management and prevention. The objective of this
review is to determine the effectiveness of leg elevation in preventing post-spinal induced hypotension during elective caesarean sections.
Methods: A comprehensive literature search was conducted in PubMed, the Medline database, the Cochrane Review, and Google
Scholar from 1993 to 2023. Healthy women with full-term pregnancies who underwent elective caesarean delivery performed with
spinal anaesthesia were included, and parturients with co-existing diseases, studies on other population, case reports studies written in
non-English languages and studies contain abstract only were excluded. For both interventional and non-interventional research, the
methodological strengths of the included studies were evaluated using the Cochrane risk of bias assessment tool.

Results: A total of 8158 articles from various electronic databases were found using the search method. After removing duplicates,
247 articles were chosen for screening; 13 were included for critical evaluation, and 6 were eliminated with justifications. The included
publications are made up of 7 RCTs on 681 pregnant women in 5 different countries, and it was found that the leg elevated group had
a lower incidence of post-spinal hypotension than the control group.

Conclusion: A majority of the evidence revealed that leg elevation following spinal anaesthesia in a caesarean delivery was effective
in preventing post-spinal-induced hypotension. In addition to prevention, applying leg elevation following spinal anaesthesia is helpful
in lowering the incidence of post-spinal hypotension, which is catastrophic. It reduces the requirement for vasopressors and also
provides a non-invasive and reversible technique that does not call for any special equipment.
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Introduction
Caesarean sections are becoming more prevalent around the world, with rates rising in both developed and developing
countries. According to the situation and timing of the mother and foetus, it can be performed electively or urgently.'
Regional anaesthesia also aligns with the most popular caesarean delivery technique due to its ease of usage, quick
start, and benefits to both the mother and the foetus. Despite its simplicity and safety compared to general anaesthesia, it
is associated with different adverse effects, of which post-spinal hypotension is the most common.>
Hypotension is frequently described as a systolic blood pressure less than 100 mm Hg or a drop of 20% or more from the
patient’s baseline. Because of physiological changes associated with pregnancy, including compression of the inferior vena cava
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by the enlarged uterus and sympathetic inhibition from neuraxial blockage, which significantly lowers parturients’ blood
pressure, the incidence of post spinal hypotension is 80% in pregnancy, which is higher than the general population’s 25% to
75%.>

Post-spinal hypotension (PSH) is the most common problem in caesarean delivery. Since prevention and management
of PSH have been extensively researched, the major goals of these treatments are to increase vascular tone and venous
return, which can be accomplished by using vasopressors, fluid administration, and positioning techniques.’

Potential risk factors for post-spinal hypotension include a history of hypertension, body mass index, the height of the
sensory block, the time between spinal induction and the delivery of the foetus, the urgency of the surgery, spinal
additives, the length of the crystalloid load, a high gravid uterus, and the rate of injection. Finding these indicators is
crucial in an area with limited resources for monitoring key organs and also for assisting clinicians in making treatment
decisions for moms who are at risk of hypotension.®

Additionally, compared to parasympathetic activity, sympathetic activity is more prominent in pregnant women. Since
parasympathetic activity predominates and peripheral vasodilatation is increased by sympathetic activity, venous return and
cardiac preload are decreased, which causes bradycardia, nausea, and vomiting. Systemic hypotension is the outcome of the
decreased pre-load, which also causes decreased cardiac output (CO). Aortocaval compression aggravates this condition even
further. The same sympathetic blockade achieved with epidural anaesthesia but with a lower incidence and severity of
hypotension may be explained by the sudden onset of sympathetic blockade, which leaves little time for cardiovascular
compensation and frequently causes maternal hypotension. Higher sympathetic block correspondingly raises the danger of
cardio-inhibitory responses like the Bezold-Jarisch reflex and, ultimately, cardiac arrest and mortality by decreasing the
occurrence of compensatory mechanisms through baroreceptors.’

Since uterine blood flow has been demonstrated to be reduced after blood pressure has been recovered, prevention of PSH
is preferable rather than treatment. According to their findings, volume expansion with crystalloid, a frequent clinical practise,
is not always successful in lowering the incidence of maternal hypotension following spinal anaesthesia for caesarean delivery.
Although colloid administration is more reliable, there are also higher costs. Although it was assumed that vasopressors such
as phenylephrine would lessen uterine arterial blood flow and foetal umbilical arterial PH, they were also beneficial in
normalizing maternal blood pressure. Although mechanical methods to increase central blood volume appear to be similarly
effective, they are not commonly used.®'°

The best way to prevent hypotension during caesarean section is still up for debate, despite the fact that many
measures have been reported for its prevention and management. As a result, this review also aims to find evidence for
physical prophylactic measures such as leg elevation in preventing PSH, as it is a straightforward and affordable
management protocol applied with little experience and has a less adverse effect.'’ The main objective of this review
is to determine the effects of leg elevation to prevent post-spinal-induced hypotension in women having elective
caesarean delivery under spinal anaesthesia.

Objective
The objective of this review is to summarize evidence on the effectiveness of leg elevation in preventing post-spinal-
induced hypotension in elective caesarean sections.

Review Questions

We were conducting this review to have the common understanding on identifying post-spinal hypotension prevention
strategies, selecting preferable techniques on prevention of PSH and effectiveness applying lower leg elevation during CS
for reducing maternal hypotension following SA.

Methods and Materials

Protocol
The method of reporting the review used is preferred reporting of systematic review and meta-analysis (PRISMA).
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Eligibility Criteria

Inclusion Criteria

All randomized controlled trials reporting the effectiveness of leg elevation for PSH in elective cesarean section from
1993 to 2023 were covered.

Exclusion Criteria
Parturients with co-existing diseases, studies on other population, case reports studies written in non-English languages
and studies contain abstract only were excluded.

Search Strategy

Electronic databases, including the Cochrane Library, PubMed/Medline, and Google Scholar, were all thoroughly
searched. The goal of the search approach was to examine all randomised controlled trials on the prevention of PSH
in pregnant patients having an elective caesarean section under spinal anaesthesia, both published and unpublished. The
Cochrane Library and PubMed/Medline were used for a thorough initial search. A second search was conducted using
PICO words [leg elevation OR leg lifting AND spinal anaesthesia OR intrathecal injection AND hypotension OR low
blood pressure AND caesarean section OR operational delivery] and a combination of free text words and indexed terms
with Boolean operators. All discovered articles’ reference lists were used in the third search to look for new studies.
Finally, Google Scholar was used to conduct an extra search for grey literature. All 7 retrieved studies were assessed for
inclusion in the systematic literature review based on the eligibility criteria after the duplicates were eliminated using
EndNote’s reference manager. Each article’s title and abstract were first reviewed, and any citations that did not fit the
inclusion requirements or were only abstracts were removed. The remaining citations’ full texts were acquired and
examined. The PRISMA flowchart below provides a summary of the search strategy’s findings (Figure 1).

Data Extraction

Two separate reviewers used a customized Excel sheet to extract the data, and any discrepancies or conflicts were settled
through consensus or another method. The information that was gathered from the patient population includes informa-
tion on their age, place of origin, sample size, study design, year of publication, primary outcome, and complications
related to interventions, and length of surgery.

Data Synthesis and Quality Assessment

All the eligible studies were included in the synthesis during the systematic review. P.05 was considered statistically
significant for all outcomes. To assess the methodological quality and risk of bias of each included study, the Cochrane
Collaboration and ROBIN’s risk of bias assessment tool were used. The tool is used to evaluate the quality of studies in
two dimensions: external validity (assessing the target population, sampling frame, and sampling method) and internal
validity (assessing the data collection method, case definition, study instrument, and mode of data collection). The risk of
bias was evaluated by the researcher.

Critical Appraisal

Using the Cochrane Collaboration’s risk of bias assessment technique for RCT trials, the risk of bias was evaluated.'* By
using the ROB tool, which has components for selection bias (random sequence generation and allocation concealment),
performance bias (blinding of participants and personnel), detection bias (blinding of outcome assessment), attrition bias
(incomplete outcome data), reporting bias (selective reporting), and other bias, the methodological quality of all seven
RCT studies was evaluated (as shown in Table 1 below). Our systematic review’s quality was rated as being of a high
standard, and it was reported in accordance with AMSTAR 2 criteria.'?

Result
A total of 8158 items were found using a thorough search approach across various electronic databases. After duplications were
eliminated using the EndNote reference manager, 247 articles were chosen for screening; 13 papers were then included for
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critical evaluation, and 6 articles were discarded with justifications. Seven RCT studies are presented in the selected papers.
Among the 7 studies included in the review are 2 from Turkey, 2 from Egypt and 1 each from India, Great Britain, and Ethiopia,
respectively. All seven included RCTs were comparative intervention studies between leg elevation and placebo for the

Table | Risks of Bias Assessments (ROB)

Studies Selection Bias Performance Detection Attrition Reporting | Other | ROB
Bias (Blinding of Bias (Blinding | Bias Bias Bias
Random Allocation . 5
Participant of Outcomes) | (Incomplete | (Selective
Sequence Concealment .
R and Personnel) Outcome) Reporting)
Generation
Routet C. et al 1993 | | | 0 | | | 6
Sudeep et al 2019 | | | | | | 0 6
Sari et al 2022 | | | | | 0 0 5
Nahed F et al 2017 | | | | 0 | 0 5
Osman et al 2021 | | | | | | 0 6
Hassen S. et al 2020 | | | | | 0 0 5
Routet C. et al 1993 | | 0 | | | 0 5

Notes: ROB: |-3=High risks (H), 4-7=Low risks (L), 0=for no risk, |= for there is a risk, 2= for uncertain.
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Table 2 Description of Included Study in the Review

SN | Authors with Country | Mean | Sample | Design | ROB | Main Finding
Publication Year Age Size

| Routet C. et al England 27.3 97 RCT Low Leg elevation with leg wrapping cause significant reduction of
1993 PSH.

2 Sudeep et al 2019 | India 87.9 60 RCT Low Leg elevation reduces PSH

3 Sari et al 2022 Turkey 30 140 RCT Low Leg rising decreases PSH and vasopressor requirements.

4 Nahed et al 201 | Egypt 26.8 120 RCT Low | Wrapping and elevation of leg for parturient underwent C/S

had more effective measures to prevent hypotension

5 Hasanin et al 2017 | Egypt 29.5 150 RCT Low Following a spinal block, leg elevation reduces the likelihood of
PSH.
6 Osman et al 2021 Turkey 28.8 62 RCT Low | When a person is having elective c/s under SA, lower

extremity wrapping combined with leg elevation results in
a better hemodynamic profile than volume administration
alone. Additionally, there was less use of vasopressors and less

vomiting than in the controlled group.

7 Hassen S. et al Ethiopia 27.2 52 RCT Low | When a patient is having elective c/s under SA, lower

2020 extremity wrapping combined with leg elevation results in

a better hemodynamic profile than volume administration
alone. Additionally, there was less use of vasopressors and less

vomiting than in the controlled group.

prevention of PSH. The PRISMA flow chart includes a list of the study selection procedures. The table below (Table 2) provides
an overview of the studies.

Additional Characteristics of the Studies

Most trials were performed in a diverse array of countries, but reports in English were selected for this review: Most of
the selected studies used 45-degree leg elevation as the study group compared to placebo (flat supine) during caesarean
section delivery under spinal anaesthesia. One study used a level of elevation of 4045 degrees, while another used
a level of elevation of 30 degrees.

Discussion

For elective or emergency Caesarean sections, spinal anaesthesia is frequently chosen. The benefits include ease of use,
quick onset, dense motor block, and avoidance of any potential airway issues that could arise from general anaesthesia.
The incidence of hypotension following spinal anaesthesia for a Caesarean section is reported to be as high as 80%."*

The primary disadvantage of spinal anaesthesia in patients having elective CS is post-spinal hypotension. The mother
is not only put at risk for the negative effects of hypotension due to the drop in blood pressure, but it also causes placental
hypoperfusion, which can result in foetal acidosis and, in severe cases, foetal bradycardia and cardiovascular collapse.
The principal factor causing the hypotension that follows spinal anaesthesia is the decreased arterial and venous tonus
brought on by the sympathetic block.'

Previous research has examined a range of prophylactic measures to counter the hypotension brought on by spinal
block. Intravenous fluid administration prior to spinal anaesthesia is one of the most extensively studied strategies for
avoiding hypotension. In spite of its questionable effectiveness, fluid management in obstetric anaesthesia is nevertheless
often used, according to a new study on the treatment of spinal-induced hypotension in patients scheduled for caesarean
delivery.'® Crystalloids may not be sufficient to prevent hypotension during spinal anaesthesia, according to a recent
Cochrane analysis. Contrarily, multiple studies have shown that post-spinal hypotension occurs less frequently in women
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who receive colloids compared to women who receive crystalloids. But the primary goal of conducting this review is to
summarize the research on the effectiveness of leg elevation in preventing PSH following a caesarean section.’

The cardiac output and preload are both raised as a result of the auto-transfusion of blood brought on by LE from the lower
limbs into the heart. In a prior study using radio-labelled erythrocytes, counts from the radio-labelled intravascular space of the
calves after LE were found to be reduced by 34.4%, or roughly 150 mL. We believe that leg elevation, despite the relatively
small volume that is transported, is quite effective in reducing the incidence of PSH for two reasons: 1. Receiving a transfusion
within a brief time 2: Not being regular fluids and being blood.'”'® Assali and Prystowsky wrote one of the first studies
demonstrating the effectiveness of limb elevation. The studies on patients undergoing CS under spinal anaesthesia showed that
raising the legs to 90 degrees or wrapping them to keep them out of the systemic circulation could prevent hypotension brought
on by spinal blocking.'” According to Pernoll et al, the most effective way to avoid hypotension is to elevate the legs to
a straight-up position simultaneously with shifting the left uterus. The volume sensitive to auto transfusion is confined,
according to some writers; hence, it cannot significantly change blood pressure.*’

The literature contains a very small number of studies on the use of LE in pregnant women. Rout et al initial study on
this topic involved 97 pregnant women and was conducted in 1993. In this study, the patients were split into three groups:
the control group, the Esmarch bandage group, and the LE group. The incidence of hypotension was observed to be
lower in the group wearing an Esmarch bandage than in the control group (15% vs 53%, p = 0.004). Although the
incidence of hypotension was lower in the group administered with a 30-degree LR than in the control group (39% vs
53%, p > 0.05), it was not statistically significant. The study was conducted in 1993. In this study, the patients were split
into three groups: the control group, the Esmarch bandage group, and the LE group. The incidence of hypotension was
observed to be lower in the group wearing an Esmarch bandage than in the control group (15% vs 53%, p = 0.004).
Although the incidence of hypotension was lower in the group administered with a 30-degree LR than in the control
group (39% vs 53%, p > 0.05), it was not statistically significant.*'

Contrary to Rout and the other study by Assen et al 2020, the incidence of hypotension was found to be lower in the group
treated with a 45-degree LR in the horizontal plane than the control group (33.3% vs 62.5%, p = 0.02).** In addition, the
experimental group was shown to have a considerably lower incidence of hypotension than the group given a 40-degree LR in
the horizontal plane (34.7% vs 58.7%, p = 0.005). This finding is consistent with the findings of the study performed by
Hasanin et al”® The incidence of hypotension was lower in the LR group than in the control group in the study by Mustafa
Deniz Sari et al, similar to Hasanin and Assen, applying LR at an angle of 30 degrees with the horizontal plane (41.4% vs
77.1%, p = 0.001).**

In contrast to the control group, the leg elevation group had a decreased incidence of post-spinal hypotension. This
randomised controlled experiment shows that, with a P value of 0.05, the incidence of post-spinal hypotension is 26
(34.7%) in the leg elevation group and 44 (58.7%) in the control group. Leg elevation reduced relative risk by 40.9%
with a 95% confidence interval (CI) of 0.193-0.724, and this study reduced relative risk by 47%, which is statistically
significant.”> According to Naheed F.’s study, there was a substantial difference between the groups, with legs (wrapping
and elevation) having a higher MAP, a lower percentage of women with late-onset hypotension, and a lower percentage
of babies who had poor outcomes. Excellent and similar neonatal outcomes were seen in both groups.'*

Sudeep’s study concluded that elevation of the lower limb just after spinal anaesthesia is an effective method to
prevent hypotension, as the rate of hypotension in Group A (leg wrapped) is 10%, whereas in Group B (leg not wrapped)
it is 66.66%.%° In Osman Asen’s study, systolic, diastolic, and mean blood pressures in the wrapping group were
considerably higher than those in the control group from the second minute of intrathecal injection to the 20th—
30th minute of intrathecal injection. The control group received a median dose of ephedrine that was considerably larger
than the wrapping group [15 (0-40) mg vs 5 (0-30) mg, p = 0.007]. Additionally, control individuals vomited more
frequently than those who had their lower extremities wrapped and their legs elevated (18% vs 0%, p = 0.024)."” In
general, the pooled effect of this review favours the efficacy of leg elevation in reducing PSH, as only one study found
that leg elevation to 30° after spinal anaesthesia reported no significant decrease in the incidence of hypotension, whereas
a larger study found a similar numerical reduction in hypotension that reached statistical significance. The LE group
showed a lower incidence of PSH (31.4% vs 60.7%, P = 0.005) compared to the control.
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Strengths

The prevention of PSH in parturients having elective CS was the emphasis of the current literature included in this
review, and nearly all of the studies are randomised control trials with high-quality evidence. This evaluation also
discusses various other adjuncts and combined strategies for preventing PSH.

Limitations

A few of the included studies had tiny sample sizes and questionable methodology. There was not sufficient research
focusing on obstetric populations, despite the fact that the goal of this review was to assess the usefulness of leg elevation
in the prevention of PSH after caesarean section. The majority of research concentrated on prevention via prophylactic
administration of several vasopressor medication groups and hydration control. This restricts our review to specifically
achieving its goal for the preventative component.

Conclusion

In C/S surgeries, hypotension is unavoidably experienced following spinal anaesthesia. Although it was unable to
completely prevent PSH, we discovered that LE application in C/S was useful in lowering the incidence of hypotension.
Additionally, this approach reduced the use of vasopressors. Leg raising is a useful, non-invasive technique that needs no
special equipment. In a setting with limited resources, it will be helpful in the anaesthetic management of C/S procedures
under spinal anaesthesia.

Abbreviations

CS, Cesarean section; PSH, Post- Spinal Hypotension; LE, Leg Elevation; LR, Leg Raise; RCT, Randomized Controlled
Trial; SA, Spinal Anesthesia; PRISMA, Preferred Reporting of Systematic Review and Meta-Analysis; ROBINS, Risk of
Bias in non-randomized studies.
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