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Abstract

Purpose of Review Our goal in this review is to describe the current context and peculiarities of obstetric anaesthesia in low-
and middle-income countries (LMIC) and the ongoing actions and perspectives in terms of teaching and learning, focusing
on improving maternal outcomes.

Recent Findings Correct identification of barriers and lack of infrastructures and anaesthesia providers are still major
problems despite efforts of different stakeholders. International consensus and commitment for 2030 goals are trying to be
achieved.

Summary Structured training courses look a good option as short- and long-term evaluations show a positive impact. Future
efforts will have to be also focused on indicators that may help to decrease the high mortality and morbidity ratios in LMIC

Keywords Obstetric anaesthesia - Anesthesia in LMIC - Teaching obstetric anaesthesia - Anaesthesia related mortality -

Patient safety

Introduction

Aproximately 250,000 women die every year during preg-
nancy or soon after. Ninety-nine percent of these mater-
nal deaths occur in low- and middle-income countries
(LMIC) [1]. The maternal mortality ratio (maternal deaths
per 100,000 live births) in these LMIC is as high as 14
times than that in high-income countries (HIC) [2]. Many
cases of maternal mortality in LMIC and even in HIC are
preventable.
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Anaesthetic care is essential worldwide and, of course, for
maternal survival, but there is a lack of physician and non
physician anaesthetists in these areas. The exact statistics dif-
fer, depending on the LMIC region considered, but the esti-
mated ratio is one physician anaesthetist per million women,
what means that physician anaesthetists are scarce [3, 4].

Manpower is not the only existing problem; lack of infra-
structure, drugs and anaesthesia equipment, and monitoring
are also important limitations.

The contribution of anaesthesia-related causes to mater-
nal mortality in LMIC is not known but is undoubtedly
higher than that in HIC. The precise contribution is wor-
thy of investation. To date, many efforts have been done to
improve obstetric and anaesthesia services, mainly focusing
on improving operating room functionality and anaesthesia
skills [5e]. The causes of maternal death are 3:1 when com-
paring general anaesthesia to regional anaesthesia. Airway
management events were the most frequent causes associ-
ated to anaesthesia-related mortality [6e].

Not many interventions have shown evidence that they
improve maternal anaesthesia outcomes in the LMIC. For
example, simply attending didactic lectures or having an
expert anaesthesiologist visit to demonstrate skills (practi-
cal or not) has not demonstrated any significant change in
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any anaesthetic technique or practice improvement in LMIC
anesthesiologists.

Our goal in this review is to describe the current context
of obstetric anaesthesia in LMIC and the ongoing educa-
tional initiatives in low-resource areas, focusing on improv-
ing maternal outcomes.

The Obstetric Patient
and Anaesthesia-Related Mortality

In HIC, anaesthesia contribution as a cause of maternal
death is very low [6e]. Although very few data are available
on the same topic in LMIC, some data suggest that it may
be much higher.

In a systematic review [6e], the aim was to get data of
anaesthesia-attributed deaths in pregnant women exposed
to anaesthesia and to identify the factors linked to adverse
outcomes in pregnant women exposed to anaesthesia in
LMIC. The authors included 44 studies (> 600,000 preg-
nancies) that reported anaesthesia risks of death in women
under obstetric surgery and 95 (32 million pregnancies and
36,144 deaths) that gave rates of anaesthesia-attributed
deaths as a proportion of maternal deaths. Two-thirds (68)
of the 95 included studies had a low risk of bias. About
half had a high risk of bias for representativeness of the
population and setting, and 90% had adequate sample
selection, and a quarter had a high risk of bias for out-
come reporting. Three-quarters of all studies had adequate
sample size, and about two-thirds adequately accounted
for maternal deaths [6e].

Anaesthesia was identified as the main cause of mortal-
ity in 2.8% of the total amount of maternal deaths (direct
and indirect). Highest rates were reported in East and North
Africa (6.2%) and the lowest in East Asia and Pacific (1.5%).
Anaesthesia was documented as cause of death in 3.5% of
all direct maternal deaths and 13.8% of all deaths related to
a caesarean section (during or after). General anaesthesia
(GA) had 3 times the rate of maternal death, when compared
to regional techniques (neuraxial), with mortality rates of 5.9
per 1000 (GA) and 1.2 per 1000 respectively. GA also has
twice the perinatal mortality rate when compared with neu-
raxial techniques. Other complications also appeared more
often when GA is used (postpartum haemorrhage, low Apgar
score 1 and 5 min), with no differences in cardiac arrest rate.
Rural areas reported an association with a higher maternal
mortality [6e].

During or after a caesarean delivery, there is a 1:7 relation
on maternal deaths related to anaesthesia in LMIC, which is
much higher than mortality during or after caesarean deliv-
ery in HIC [7, 8].

In 2020, in the USA, maternal mortality is still considered a
major problem, and some inequities have been described [9e].

The disparities in maternal mortality rates comparing
HIC and LMIC, and between different regions in LMIC,
need to be investigated. Training of anaesthesia providers
would probably improve maternal outcomes, despite other
needs, such as infrastructures and many other deficiencies
that have been previously described.

Given the current situation, highlighting the current and
future efforts to improve education and training in LMIC
can play an important role for its potential translation to
improved maternal mortality and morbidity rates [10].

Why Obstetric Anaesthesia is Different
from Other Scenarios

Obstetric patients’ care can be challenging and really com-
plex. Real emergencies can appear at any moment. Clarity of
diagnosis of these situations and coordinated team responses
are essential for a correct decision-making in the emergency
moment [11ee]. Individual decision-making may be influ-
enced by many sources, including external. These main
influences can be classified and studied and include [11ee].

— Cognitive biases: in recognition of vulnerability to biased
thinking, assumptions can be checked during decision
making to reveal gaps or inaccuracies. Being explicit in
one’s decision-making allows the review of thinking,
allowing errors to be caught inmediately. An independ-
ent observer during any obstetric emergency can do this
task and will have the capacity to examine these circum-
stances despite of the emergency.

— Emotions: emotions come in 2 distinct categories in
the context of decision making: integral and incidental.
Integral emotions are directly attributable to the deci-
sion making (anxiety or fear during high-risk situations).
Incidental emotions are unrelated to the decisions at hand
but may still influence decision making.

— Individual situation awareness

There are also other factors that may influence the team
for obstetric decision-making such as psychological safety
or the effects of team diversity on speaking up.

Several strategies have been developed, mainly by Edmon-
son et al. to try to decrease these biases. Particularly interest-
ing are those focused on team decision-making, speaking up,
collaboration, experimentation, and reflexion [12, 13].

These strategies look simple, effective, and inexpensive
but require some specific knowledge and training in every
institution, including in LMIC learning programs.

The mnemonic Name/Claim/Aim has been proposed
as a tool for rapid team organization [11ee]. Teams are
taught to explicitly diagnose and designate roles aloud
(claim) and then share which steps the team should enact
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in a coordinated manner (aim).This technique can be really
helpful in high-stress situations with its focus on identifying
only need-to-know information and sharing it. It needs the
training of the entire team to be a really useful tool.

Additional strategies that can be implemented in HIC or
LMIC and included in the formal training in obstetric anaes-
thesia include.

— Look for individual and team decision-making, empha-
sising on vulnerable areas of the specific team and on
team growth

— Review of high-risk situations with all the obstetric team
members to increase their awareness

— Evaluation of the obstetric team’s capacity for the new
team training strategies (metacognition) and the use of
all the cognitive aids and other organization frameworks
(such as Name/Claim/Aim)

The impact of the described strategies, tools, and cogni-
tive aids need to be evaluated.

Challenges in Obstetrics in LMIC

Caesarean delivery is an essential surgical service. However,
this service is sometimes not available or safe in LMICs
[14, 15ee].

One of the most important challenges is to fight against
the “3 delays™:

— First delay: the decision to seek health care is made late.
It happens probably because of lack of knowledge, gen-
der inequity, past negative experiences with the health-
care system, and lack of financial resources for those
seeking that treatment.

— Second delay: it means the delay to reach a health-care
facility. An important segment of population in LMICs
lives far from any health-care facility, and the transport
logistics may be very difficult, especially when sick
patients need care.

— Third delay: once the patient is in a health-care facility,
it means getting appropriate care. This may be limited by
infrastructural or staffing reasons, lack of disposables or
blood supplies, or need to transfer the patient to a higher
level facility because of severity of medical condition
[16]. This may cause an important delay to treat life-
threatening emergencies. It is not easy to measure the
impact of these delays, as recording systems may be very
poor or may not even exist [2].

Important and severe obstetrical emergencies happen

quite often in LMIC, and a quick response is needed. Most
of maternal deaths take place during intrapartum or in early

@ Springer

postpartum period. Daily practice differs a lot from LMIC to
HIC. In LMIC, once a basic framework has been developed
and estabilished, a good dose of flexibility and resourceful-
ness is required [2, 17e].

Staff training and education are particularly vital to try to
avoid or decrease the third delay.

The anaesthesia provider’s early involvement, as a mem-
ber of the obstetric team, may also be helpful to reduce the
third delay [2]. Involvement in decision-making regarding
specific interventions, transfers, and referral to appropriate
levels of care should be taught to the whole team as it will
also improve communication among members and provide
more effective care of the obstetric patient.

Another challenge in LMIC is to provide safe anaesthe-
sia. The quality of anaesthesia care varies even in different
regions of the same country. Electricity, water, and medical
gases supply can be scarce or even not available. Anaes-
thesia ventilators and even other monitors can be absent or
broken, while disposables and drugs may be also scarce.
Nurses’ lack of training, if they are even available, is also a
problem. In some cases, the only anaesthesia provider is a
nurse or even a non health care technician. In some facilities,
there is no anaesthesia provider at all [2].

Given all these considerations, neuraxial anaesthesia may
put the obstetric patient under an additional risk, especially
if a caesarean delivery is needed. Arterial hypotension and
other complications or side effects of spinal anaesthesia can
be worse and more dangerous than a GA without the neces-
sary vasopressors and monitors. Haemodynamic stability and
airway reflexes are a priority in these difficult contexts [2, 16].

Postpartum haemorrhage (PPH) is the main cause of
maternal mortality in LMIC. Blood resources may be
absent or very scarce. Team bidirectional communication
between the surgical and anaesthesia providers is vital.
When blood is not available, basic measures, such as nor-
mothermia maintenance and the use of crystalloids and
vasopressors, may be life-saving in some cases. Epineph-
rine may be the only vasopressor available. Misoprostol is
a good option for uterine atony, as it does not need a freezer
for its conservation [18].

Although access to pain management is considered “a
human right”in many countries, it is just unaffordable,
because of lack of technical and human resources [19].
When there is certain availability of resources, spinal anal-
gesia for the second stage of labour may be an option that
also helps in case of an operative delivery, as the need of
forceps delivery or any instrumental delivery or other pain-
ful manoeuvres. Complications are rare, because of low dose
used, so it is a relatively safe procedure and technique. Nurs-
ing staff must be properly trained for surveillance of the
mother and foetus.

The COVID-19 pandemic has added additional chal-
lenges to the obstetric patient population. Despite any
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other concerns, it seems that spinal anaesthesia, if feasi-
ble, remains the gold standard for CS, even for COVID-19
patients, as the results have shown no differences neither in
maternal nor in neonatal outcomes [20, 21].

Real Scenarios in LMIC

Minimal standards of care are highly recommended, includ-
ing in surgery and anaesthesia. WFSA recommends the use
of international standards for safe practice for anaesthesia
professionals throughout the world [22e]. In resource-lim-
ited settings, minimum, recommended standards are often
difficult to meet, particularly in East Africa.

Routine cases, not just vital emergencies, are performed
every day under such circumstances [23]. A fully trained
anaesthetist throughout surgery is a basic requirement in
the WFSA standards, but 93% of the anaesthetists identified
as the major challenge, the shortage of trained anaesthesia
personnel at the national referral hospitals in a survey per-
formed in East Africa [23].

In Kenya, for example, for a population of 40 million
people, there are 300 anaesthesia providers (120 physician
anaesthetists), mainly in urban areas. In Rwanda, there are
only 13 trained physician anaesthetists, and in 6 of 44 hos-
pitals, there is no any anaesthesia provider available. Non
physician anaesthesia providers work in rural areas, where
non supervised work and lack of training may be responsable
of high mortality and morbidity rates. Focus on training may
be a life-saving strategy.

Effective Training Programs in LMIC

Despite all this challenging landscape, there are several pro-
grams to train anaesthesia providers in LMIC, and most of
them are really good initiatives.

Kybele and Cooperative for Assistance and Relief Every-
where (CARE), humanitarian organizations groups, provide
successful programs that start with the provision of infrastruc-
ture, staffing, and equipment, including consumables [5e].

The Kybele report [24] describes some changes from
which we can learn, that include the following:

1. Technical in situ training, following by repeated evalua-
tion of learning, leadership development, and improve-
ment of recorded and collected data

2. Carefully planned implementation with the involvement
of stakeholders, administrators, and clinicians

3. Sustained efforts over the time to overcome difficulties
and developing a group of trained anaesthesia and other
health care providers that is large enough to implement
this change

The Kybele group that works extensively in Eastern
Eutrope, the Baltic countries, and Africa has a wide experi-
ence identifying obstacles and key areas in obstetric anaes-
thesia and in analgesia change management. This group
observes and promotes group discussions to better identify
the needs, in terms of equipment, skills, or any other prior-
ity. They repeat the visit-assessment cycle and believe that
is the key of success.

The impact of a Kybele program, focused on regional
anaesthesia and analgesia techniques for obstetric patients,
has been analysed in Croatia. This initial evaluation showed
that the short-term impact was high, increasing the percent-
ages of women who were under these techniques for caesar-
ean delivery or labour analgesia [25]. Further evaluation is
to follow.

CARE is a nongovernmental organization that is devoted
to the reduction of poverty in 87 countries that focuses
on improving the quality of operating room services and
improving mothers’ access to these services [16, 26, 27].

They increase clinical knowledge, but they also build
a network of “local champions”. For example, they high-
light the importance of implementing local policy changes,
to ensure that local authorities support infrastructure and
staff needs. CARE identifies a “functional operating room”
as a key element for improvement, as they also consider
the availability of surgeons and anaesthetists for obstetric
patients [27].

CARE also is commited on protocol development (based
on evidence, outline the step-by-step approach to obstetric
problems and contemplating the competencies required by
staff in each facility) [Se].

This is similar to a South African initiative “Essential
Steps in the Management of Obstetric Emergencies”, which
focused on decreasing preventable causes of maternal mor-
tality that includes 13 clinical modules with details of clini-
cal management, with one of them dedicated to obstetric
anaesthesia [28].

The Safer Anaesthesia from Education Obstetric Anaes-
thesia (SAFE-OB) program is mainly devoted to an educa-
tional course designed for its use in LMIC and developed in
partnership with the “Association of Anaesthetists of Great
Britain and Ireland” (AAGBI) and “World Federation of
Societies of Anaesthesiologists” (WFSA) [29, 30e]. The
standard courses have been adapted to the different levels
of anaesthesia providers.

SAFE-OB’s objective is “to improve the quality of
obstetric anaesthesia care” developing a 3-day course for
trained anaesthesia providers (physician and non physi-
cian) to address essential obstetric anaesthesia and the most
common causes of maternal death” [31]. It can be a part
of continuous medical education, which many times do not
exist formally in LMIC. The SAFE-OB course is currently
highly interactive, very practical, and uses many teaching
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and learning tools not based on lectures (direct teaching sce-
narios, specific skills sessions, plus small-group discussion).
The course is designed for 32 participants plus 6-8 faculty
instructors in order to have the faculty/participant ratio low
to enhance learning and interaction [32].

Since the first course in 2011, 104 SAFE-OB courses
have taken place in 40 countries, and nearly 3244 anaesthe-
sia providers and 581 trainers have been trained [33].

Short- and long-term outcomes have already been pub-
lished [31, 34, 35]. Course attendants showed positive
responses in 4 levels:

“Reaction and learning”, inmediately, at 4, 12, and
18 months after the end of the course

— “Change in personal practice”, also with positive long
term evaluation, and

— “Organizational cultural change”, showing better team-
work, communication, and preparation for future scenar-
ios with improved knowledge skills and skills retention.
In Congo and Madagascar, there were described self-
reported changes in personal practice and organizational
culture maintained over time [35]

Similar results of SAFE courses have been published
from two different regions of Ethiopia [33]. As the SAFE
initiative expands, other models of training and are being
developed. SAFE-OB refreshers have recently been done
in Tanzania [33].

SAFE-OB courses plans to expand in the near future,
despite barriers, which are mainly related to limited
resources.

Evaluation and Future Plans

The Lancet Commission on Global Surgery suggested in
2015 to evaluate progress focusing on timely access to safe
surgical, anaesthesia, and obstetric care [15¢¢]. The aim was
“to capture access to surgery, surgical workforce, surgical
volume, perioperative mortality rate, and catastrophic and
impoverishing financial consequences of surgery”. Six indi-
cators were proposed, although they were heterogeneous and
not well defined. Data obtained from them were scarce or
perhaps not valid for comparisons or follow up.

In 2019 and 2020, a group reviewed these 6 indicators
applying Utstein methodology [36].

Participants in this group were experts in surgery, anaes-
thesia, and obstetric care; data science; and health indica-
tors from HIC and LMIC. After consensus was reached, one
indicator was removed, and 5 were redefined. Only 21% of
participants were from LMIC, but in contrast, an impor-
tant number of global institutes and multilateral agencies
were involved in this process [37ee]. Accurate indicators
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are extremely important, including the field of education
and training on maternal and neonatal outcomes, especially
if we plan for long term. Having correct feedback is vital
for progress.

In 2017, a document was published with 15 key indicators
for surgery, obstetrics, and trauma patients (G4 Alliance).
The objective is to have a target and consensus indicators for
“Global Surgical Systems Strengthening” from 2015.

These indicators are divided in.

— “Access”, in obstetrics: the caesarean delivery rate

— “Quality”, in obstetrics: the maternal mortality ratio
(proportion due to postpartum haemorrhage, obstructed
labour), and

— “Financial risk protection”, for the global surgery system

The G4 Alliance defined its global target as ‘‘Safe Surgi-
cal and Anaesthesia Care for 80% of the World by 2030”". It
is recognized that an immediate action is required to transfer
the efforts in academic, political, and advocacy fields into an
effective delivery of surgical care [38e].

This provides an additional incentive to focus on edu-
cation and training to reach these 2030 goals, as soon as
possible.

In Nigeria, an important effort has been made applying
the Lancet Global Surgery indicators and the 2030 objec-
tives, to the current reality. Nigeria’s national surgical,
obstetric, and anaesthesia plan for 2019-2023 is a phased,
organized platform to improve surgical care in LMIC. Get-
ting financial resources is the main challenge for its imple-
mentation. Nigeria’s strategic priorities for surgical care
need the commitment and contribution of all stakeholders.
Government and other development partners are needed to
overcome the main challenges of LMIC [39].

The aim of this plan was to foster actions to prioritize sur-
gical care for the achievement of universal health coverage in
addition to creating a costed strategy to strengthen surgical
care. Pilot implementation of the plan began in 2020, sup-
ported by a nongovernmental organization with experience
in surgical care in the region. Specific entry points have been
created to facilitate the pilot implementation. In this pilot, an
electronic surgery registry was created. Personnel are trained
in life support, and nurses are trained in safe perioperative
care. Also, biomedical technicians and sterile supply nurses
are being trained in surgical instrument repair and mainte-
nance. Research capacity was strengthened. In addition, the
mainstream media are being mobilised to improve awareness
about the plan among policy-makers and the general popu-
lation. Money is a key challenge to full implementation, so
innovative domestic funding strategies are needed to support
and sustain its implementation.

In summary, there appear to be three key components to
successful programs for obstetric anaesthesia care in LMIC:
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1
2)

3)

establishing that safe access to obstetric anaesthesia and
analgesia is a human right

avoiding patient delay in care at all junctures, using clear
indicators, for an objective evaluation of improvement
establishing and educating teams of sufficient size and
structure to provide the necessary care.
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