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Background: Intraoperative hypotension following spinal anaesthesia for Caesarean section is associated with maternal
morbidity and mortality. Because of inconsistent definitions the reported incidence of hypotension varies between 7% and
74%, making it almost impossible to set standard targets. Developing and adopting a clinically significant threshold for
intraoperative hypotension will allow for benchmarking, comparison between studies, and consistency in guidelines and
recommendations.

Methods: Common definitions for spinal hypotension were first identified from a recent systematic review of the literature and a
consensus statement on spinal hypotension. These definitions were applied to haemodynamic data taken from a prospective
interventional obstetric spinal hypotension study conducted at Edendale Hospital, to determine the incidence of hypotension
when applying these different thresholds. Finally, a definition was proposed based on these incidences and a review of the
relevant literature.

Results: Fifteen different definitions were identified. These were then applied to the study population with a resultant incidence
of hypotension ranging from 15.8% to 91.4%. Based on a literature review of obstetric and other relevant perioperative and
critical care medicine, targeting a mean arterial pressure > 70 mmHg and systolic blood pressure > 100 mmHg is
recommended, and it is proposed that the lowest absolute values at which vasopressor therapy should be initiated are a
mean arterial blood pressure < 65 mmHg or systolic blood pressure < 90 mmHg. Optimally, practitioners should maintain
systolic blood pressure at greater than 90% of the baseline pre-spinal anaesthesia value.

Conclusion: This study confirmed a wide variation in the incidence of obstetric spinal hypotension in a South African setting,
depending on the definition used. An absolute threshold for intervention with vasopressor and an optimal target relative to
baseline blood pressure are suggested. Further work is required to establish the effect of the adherence to these
recommendations on important maternal and foetal outcomes.
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Introduction

Caesarean section (CS) is amongst the most frequently per-
formed surgical procedures in South Africa with an estimated
rate of 23%." While spinal anaesthesia (SA) is the current stan-
dard of care for CS in South Africa it is commonly associated
with intraoperative hypotension resulting in nausea and vomit-
ing,” foetal compromise,® maternal loss of consciousness and
cardiac arrest. Definitions for intraoperative hypotension vary
widely. Klohr and colleagues reviewed 15 published definitions
for obstetric spinal hypotension, which included both absolute
and relative thresholds as well as combinations of the two.*
Application of these definitions resulted in an incidence of hypo-
tension ranging from 7.4% to 74.1%.

The lack of a single standard definition is problematic. First,
different definitions make it difficult to estimate the incidence
of hypotension in a specific population and to benchmark the
quality of anaesthesia-related patient care. Second, without a
consistent hypotension definition it becomes difficult to
design comparable clinical interventional studies. Third, incon-
sistent definitions impede the generalisability of clinical research
findings.> A recent international consensus guideline highlights
the concerns mentioned above.® While this guideline fails to
propose a consensus definition, it suggests targeting a systolic
blood pressure (SBP) > 90% of an accurately measured baseline;

and intervening with a vasopressor when SBP < 80% of the base-
line. Definitions and treatment also need to be sensitive to the
context in which they occur.” This study aimed to determine
the incidence of hypotension for obstetric spinal anaesthesia
when using current national intraoperative blood pressure man-
agement recommendations in a resource-limited setting and to
use these incidences in conjunction with the relevant literature
to propose a definition for use in a South African context.

Methods

We first identified definitions for hypotension, taken from a
recent systematic review of the literature by Klohr.* We further
ensured that recent relevant definitions were included, such as
those from a recent consensus statement® We then applied
these definitions to data taken from a prospective study con-
ducted at Edendale Hospital. This study compared prophylactic
phenylephrine infusions with the current standard of care proto-
col used to reduce severe obstetric spinal hypotension during CS
in South Africa® We conducted our analysis on the haemo-
dynamic data from the 253 patients in the control group. Per-
mission to conduct research was granted by the University of
KwaZulu-Natal’s Biomedical Ethics Committee (BE007/18), Eden-
dale Hospital and KwaZulu-Natal Department of Health
(KZ_201802_042).
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Patients and setting

The parent study was conducted at Edendale Hospital, a regional
hospital in Pietermaritzburg, province of KwaZulu-Natal, South
Africa® The study population consisted of 506 parturients who
underwent either elective or emergency CS during normal
working hours (07h30-16h00). The control group consisted of
253 patients who were managed according to current national
recommendations. Data from this group were used for analysis
of haemodynamic indices. Vasopressor treatment was instituted
in the control group if SBP <90 mmHg, using either phenyl-
ephrine or ephedrine. Exclusion criteria were determined by
the parent study and included age < 18 years and those con-
verted to GA for failed SA within the study period.

Conduct of anaesthesia

The details below pertain to the conduct of anaesthesia in the
parent study. Throughout the study, normal standards appli-
cable to obstetric anaesthesia at Edendale Hospital were fol-
lowed. Interns and trainee anaesthetists administered the
anaesthesia as usual, but were supervised by an anaesthetist
who had attained at least a Diploma of Anaesthesia, or equival-
ent. Relevant outcome data were recorded during the study
period, which began with vital signs immediately prior to admin-
istration of the SA and terminating 15 minutes after delivery of
the neonate. Prior to administering SA, patients had their base-
line heart rate and non-invasive blood pressure (NIBP) recorded.
The NIBP was cycled at one-minute intervals until the study
period was complete. Hypotension was treated with a vasopres-
sor if the SBP was less than 90 mmHg as follows: phenylephrine
was administered in a dose of 50-100 ug as an intravenous
bolus (heart rate > 70 bpm) or ephedrine 5-10 mg (heart rate
<70 bpm).

Statistical analysis

Baseline characteristics of the included patients were recorded
as mean (standard deviation [SD]) for continuous normally dis-
tributed variables; median and range for data not normally dis-
tributed; and count (per cent) for categorical variables.
Descriptive statistics were used to describe the incidence of
hypotension using different definitions. These included absolute
definitions (SBP <80, 90, 100 mmHg; mean arterial pressure
[MAP] < 60, 65, 70 mmHg) and relative definitions (SBP decrease
of 10%, 20% and 30% below baseline; MAP decrease below10%,
20% and 30% of baseline). Composite definitions were also used
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Figure 1: Incidence of hypotension by absolute definition of SBP.
Note: SBP =systolic blood pressure.

(SBP < 80 mmHg or MAP decrease of 30%; SBP <90 mmHg or
MAP decrease of 20%). These definitions were applied to the
period between insertion of spinal anaesthesia and delivery.
We further conducted a limited analysis based on different
time periods: from delivery of the neonate to 15 minutes post-
delivery, and from spinal insertion to 15 minutes post-delivery.
Data were presented as a proportion of the study population
together with the 95% confidence intervals.

Results

The final analysis included 253 patients. Mean patient age was
27 years (range 18-47), and mean body mass index was 32
(range 22-58). Median gravidity was 2 (range 1-9), parity was
1 (range 0-7) and mean gestational age was 38 (range 24-44).
The incidence of patients who were HIV positive was 48%
(95% confidence intervals [Cl] 42.1-54.4%). Diabetics made up
2% (95% Cl 0.8-4.7%), hypertensive disorders of pregnancy
11% (95% Cl 7.7-15.6) and eclamptics 2% (95% Cl 0.8-4.7%).

The incidences of hypotension according to absolute definitions,
SBP and MAP are depicted graphically in Figures 1 and 2 respect-
ively. They illustrate the incidence of hypotension beyond the
commonly used definitions in the literature. The period under
review for this study was from time of spinal insertion to delivery
of the baby. At an SBP threshold of 80, 90 and 100 mmHg the
incidences of hypotension were 16%, 33% and 49% respect-
ively—these are indicated in Figure 1.

Using absolute values, the incidence of hypotension was 34%,
49% and 61% at MAP thresholds of 60, 65 and 70 mmHg
respectively (see Figure 2).

Table 1 provides incidences of hypotension using absolute defi-
nitions, Table 2 the incidences using relative definitions, and
Table 3 composite definitions.

We also conducted an analysis based on the time period during
which hypotension was diagnosed. We used three definitions for
hypotension, based on the three most common definitions used
in the Klohr study.” These results are reflected in Table 4.

Discussion
Over the last few decades, intensive care units (ICU) have moved
toward using absolute MAP thresholds as their preferred
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Figure 2: Incidence of hypotension by absolute definition of MAP.
Note: MAP = mean arterial pressure.
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Table 1: Incidence of hypotension using absolute blood pressure values

Table 3: Incidence of hypotension using composite definitions

Absolute BP Composite BP Incidence of 95% confidence
definition Incidence 95% confidence interval definition hypotension interval
SBP < 100 mmHg 49% 42.9-55.2 < 30% MAP or 49.0% 42.9-55.2
< 90 mmHg 32.8% 27.3-389 < 80mmHg SBP
< 80 mmHg 15.8% 11.8-20.9 < 20% MAP or 77.1% 715-81.9
< 90mmHg SBP
MAP < 70 mmHg 60.5% 54.3-66.4 - -
Note: SBP = systolic blood pressure, MAP =mean arterial pressure, BP =blood
< 65 mmHg 49.4% 433-556 pressure.
< 60 mmHg 34.4% 28.8-40.5

Note: SBP = systolic blood pressure, MAP =mean arterial pressure, BP =blood
pressure.

therapeutic blood pressure targets, in part because of improved
agreement between invasive and non-invasive methods of
blood pressure measurement when using MAP as opposed to
SBP.” Non-invasive methods appear to over-estimate SBP at
low blood pressures, a clinically significant finding leading to
under-diagnosis of hypoperfusion.'® Non-invasive oscillotono-
metric techniques measure MAP directly, but derive the SBP
and DBP through brand-specific algorithms, possibly accounting
for variations in this measurement.'® MAP targets consistently
predict the incidence of renal injury in ICU (below a target of
60 mmHg) with invasive and non-invasive measurement, while
SBP targets require different thresholds for prediction of
kidney injury, depending on the method of measurement.’
Guidelines for MAP targets in critically ill septic patients currently
suggest MAP targets > 65 mmHg.""’

Non-obstetric intraoperative thresholds for hypotension also
suffer from a wide variety of definitions: one systematic review
found 140 definitions from 130 articles.'? Definitions making
use of MAP as a target have recently started to gain favour. A
large study found that relative thresholds did not offer any
advantage over absolute thresholds with regard to associations
with myocardial or kidney injury in non-cardiac surgery,'® and
that myocardial and kidney injury are increasingly likely below
a MAP threshold of 65 mmHg. Further evidence suggests that
even short periods below a MAP of 55 mmHg are significantly
associated with myocardial and kidney injury.'*

There is minimal evidence to inform clinically relevant blood
pressure thresholds in obstetric anaesthesia. Initial animal
studies suggested that uteroplacental autoregulation is main-
tained fairly constantly above a MAP of 60 mmHg in the
absence of anaesthesia.'”” Lower maternal MAP (but not SBP)
during pregnancy seems to be associated with an increased inci-
dence of stillbirth,'® although this may not be generalisable to
intraoperative targets. Landmark international studies in obste-
tric anaesthesia have favoured SBP < 20% baseline,'”'® SBP <

Table 2: Incidence of hypotension using relative blood pressure values

BP definition
relative to
baseline Incidence 95% confidence interval
SBP < 30% 27.3% 22.1-33.1
< 20% 49.0% 42.9-55.2
< 10% 75.1% 69.4-80.1
MAP < 30% 47.4% 41.3-53.6
< 20% 75.5% 69.8-80.4
< 10% 91.4% 87.1-94.2

Note: SBP = systolic blood pressure, MAP =mean arterial pressure, BP =blood
pressure.

o

90 mmHg'® and a combined definition (SBP < 20% baseline or
SBP <90 mmHg).® A survey in the UK of specialist obstetric
anaesthetists found that most prefer absolute SBP thresholds
of either <90 mmHg or <100 mmHg.?' A recent international
consensus statement on the vasopressor management of
spinal hypotension comments on the multiple definitions in
use.® The authors state that while MAP is a better determinant
of organ perfusion, it is unlikely to be used due to a lack of sup-
portive data. They advise aiming to keep the SBP > 90% of base-
line until delivery of the neonate, and to aim to reduce the
number of episodes of SBP <80% baseline. Treatment below
this level should be achieved quickly, usually with a vasopressor.
This statement is necessarily based on a degree of conjecture:
obstetric research lags behind non-cardiac surgery, where mul-
tiple studies have been done to define the level at which
organ injury occurs. However, there is good evidence that
tight blood pressure control in the awake patient is effective
at reducing nausea and vomiting.”? Outcomes such as myocar-
dial or renal injury in obstetric spinal anaesthesia are rare unless
there is maternal collapse or prolonged severe hypotension. The
importance of tight blood pressure control in the great majority
of cases is prevention of symptoms. Allowing a slight overshoot
of blood pressure rather than hypotension may be advan-
tageous, particularly in limited-resource environments,
because early intervention would not only prevent symptoms,
but also potentially avoid precipitous hypotension.

Similar to the study by Klohr we found dramatic variation in the
incidence of intraoperative hypotension purely by adjusting our
hypotension definition (15.8-91.4%). We used data collected in a
resource-limited setting, using current national recommen-
dations for the treatment of hypotension. Klohr and colleagues
highlighted 15 different definitions across 63 different studies
in their study,® although most of these studies were taken
from high-income countries and apply to elective CS. South
African studies have shown similar variation in definitions,
even within the same unit. Examples of definitions from the
South African literature include:

o MAP < 80% baseline;*?*

SBP < 20% baseline;*®

SBP < 90 mmHg;*%*’

SBP < 90 mmHg or MAP < 80% baseline;®
SBP < 100 and <80% baseline.?®

Recommendations based on reduction in blood pressure from
baseline rely on accurate initial measurements. Our study
appears to have a higher incidence of hypotension with relative
definitions than with absolute definitions. Importantly, baseline
blood pressures were measured in theatre preoperatively; this is
likely to have resulted in higher than normal baseline blood
pressures, which in turn may result in a higher incidence of
hypotension when relative definitions are used. This may in
fact be advantageous in an environment where under-
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Table 4: Incidences of hypotension by time period

BP definition Spinal to delivery Delivery to 15 minutes post-delivery Spinal to 15 minutes post-delivery
SBP < 100 mmHg 49.0% (42.9-55.2) 34.8% (29.1-40.9) 58.1% (51.9-64.1)
SBP < 20% 49.0% (42.9-55.2) 38.3% (32.5-44.5) 60.9% (54.7-66.7)

SBP < 100 mmHg or SBP < 20% 57.3% (51.1-63.3)

47.4% (41.3-53.6)

69.6% (63.6-75.0)

Note: Incidences reported as mean (confidence intervals). SBP = systolic blood pressure, MAP = mean arterial pressure, BP = blood pressure.

treatment is the primary concern, as over-treatment would
lower maternal symptoms. Studies using relative definitions
are required to take considerable care in attaining an accurate
baseline blood pressure by obtaining multiple measurements
in a calm, quiet area. This is unlikely to be achievable in
resource-limited settings and is likely difficult even in
resource-rich settings, a fact acknowledged in the consensus
statement.® In the full cohort from our parent study, 335/506
patients (66%) had a baseline SBP > 120 mmHg. This would
imply vasopressor treatment at above a level of 100 mmHg if
the consensus recommendations are applied: potentially a
higher level than necessary, especially if the baseline blood
pressure is falsely elevated.

Targeting blood pressures to a percentage of baseline also
requires the attending anaesthetist to calculate that number
individually in each patient. Increasing complexity in this
manner may be less effective than applying a consistent absol-
ute threshold (either SBP or MAP) above which poor outcomes
are unlikely. Applying an absolute threshold is a simpler
method and potentially easier to standardise. This may explain
the tendency of consultant obstetric anaesthetists to use absol-
ute thresholds even in the UK, rather than the relative definitions
commonly found in the literature.?'

Combination definitions appear to be at risk of inflating the inci-
dence of hypotension. The incidence of SBP <80 mmHg was
only 15.8% in our study, but if combined with a MAP reduction
of > 30% (SBP <80 mmHg or MAP decrease > 30%) the inci-
dence is increased to 49%. This may have been due to the
higher baseline measurement. An alternative strategy is that
favoured by Rout et al., where the combined definition required
both definitions to be satisfied (SBP < 100 and < 80% baseline),
rather than just one of the two.?® This would ensure that patients
with a lower baseline blood pressure are not below the treat-
ment threshold even before spinal anaesthesia. However,
using this approach in a patient with an initial SBP of
95 mmHg would mean that treatment would only be instituted
at an SBP of 76 mmHg, a level that most would consider too low.
The complexity of these definitions makes them unlikely to be
applicable to resource-limited settings and district hospital use.

A standard definition would clearly be beneficial both for
research purposes and in clinical medicine. The recommen-
dations in the consensus statement (to avoid reductions in base-
line SBP to < 90% of baseline levels and treat below 80%) may be
worthwhile following in research settings or institutions where
accurate baseline measurements are possible. However, absol-
ute thresholds have appeal both for simplicity of use and for
ease of understanding. In addition, research in allied fields
such as intensive care and non-cardiac surgery has moved
towards absolute thresholds, although this research may not
be applicable to obstetric spinal hypotension. Further research
is required in large, multi-centre studies to establish a safe
lower limit that avoids maternal and foetal outcomes linked to
organ hypoperfusion.

We propose that absolute definitions for maternal hypotension
be adopted in resource-limited settings, based on both simpli-
city and consistency with literature from the allied fields of peri-
operative and critical care medicine. It appears that both current
practice and existing guidelines favour the use of SBP as a
threshold and it is thus worthwhile using this measure.
However, based on both physiological considerations and paral-
lel outcomes research demonstrated in the perioperative and
critical care settings, it is likely that MAP thresholds are a more
appropriate target in the long term. Accordingly, in non-hyper-
tensive patients we suggest one of the following:

(1) Target SBP > 100 mmHg, institute vasopressor therapy
below 90 mmHg;

(2) Target MAP>70 mmHg, institute vasopressor therapy
below 65 mmHg.

Our study has several limitations. We studied a population
representing a normal regional hospital obstetric service,
including emergency CS and not limited to healthy elective
CS. While this may make comparisons with other studies pro-
blematic, it is a strength with regard to generalisability. A
further limitation is that we treated blood pressure when the
SBP was below 90 mmHg. The incidences of blood pressures
below this level will thus have been reduced by the effect of
treatment. However, it would be unethical to withhold treat-
ment below a safe level and allowing the SBP to decrease
below 90 mmHg would not be in keeping with recent guide-
lines or national recommendations. Finally, we included hyper-
tensive and obese patients in our cohort: NIBP measurements
may be inaccurate in these groups,*3° while pre-eclamptic
patients are known to have a lower incidence of hypotension.>’
Our recommendations should not be applied to hypertensive
patients.

Conclusion

This retrospective analysis has confirmed wide variation in the
incidence of obstetric spinal hypotension in a resource-limited
setting, depending on the definition used. The lack of a consen-
sus definition is problematic both in research and in clinical
medicine. Guidelines in resource-limited settings need to be
simple and user-friendly: it is likely that adopting an absolute
threshold definition is most appropriate in our setting. We rec-
ommend targeting either a MAP greater than 70 mmHg or an
SBP greater than 100 mmHg and that the lowest absolute
values at which vasopressor treatment should be initiated in
patients who are normotensive in pregnancy should be MAP
65 mmHg, or SBP 90 mmHg. Optimally, despite the limitation
of potential inaccuracy of baseline blood pressure measure-
ment, practitioners should adhere to the maintenance of SBP
at greater than 90% of the baseline value. This is according to
the recently published consensus view, and aims to reduce
the incidence of maternal symptoms associated with hypoten-
sion.®?? Further work is required to establish the effect of adher-
ence to these recommendations on important maternal and
foetal outcomes.
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