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Background. Obstetric spinal hypotension is a common and important problem during caesarean delivery. Identifying patients at risk
for hypotension may guide clinical decision-making and allow timeous referral.

Objective. Using preoperative risk factors, to develop a simple scoring system to predict systolic hypotension.

Methods. This prospective, single-centre, observational study of patients undergoing elective or urgent caesarean delivery assessed body
mass index, baseline heart rate, baseline mean arterial pressure (MAP), maternal age, urgency of surgery (elective v. non-elective) and
preoperative haemoglobin concentration as predictors of spinal hypotension (systolic blood pressure <90 mmHg). We used empirical
cut-point estimations in a logistic regression model to develop a scoring system for prediction of hypotension.

Results. From 504 eligible patients, preoperative heart rate (odds ratio (OR) 1.02, 95% confidence interval (CI) 1.00 - 1.03; p=0.012),
preoperative MAP (OR 0.97, 95% CI 0.95 - 0.98; p<0.001) and maternal age (OR 1.05, 95% CI 1.02 - 1.08; p=0.002) were found to be
predictors of hypotension. We derived a preliminary scoring system (pulse rate >90 bpm, age >25 years, MAP <90 mmHg - the PRAM
score) for the prediction of systolic hypotension following obstetric spinal anaesthesia. Patients with three factors had a 53% chance of
developing hypotension, compared with the overall incidence of 30%. The PRAM score showed good discrimination, with a c-statistic
of 0.626 (95% CI 0.576 - 0.676) and good calibration.

Conclusions. Preoperative heart rate, preoperative MAP and maternal age were predictive of hypotension in elective and emergency
caesarean delivery. The PRAM score shows promise as a simple, practical means to identify these patients preoperatively, but requires

prospective validation.
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Spinal hypotension during caesarean delivery occurs commonly
and, depending on the definition used, may have an incidence
as high as 71%.!" Hypotension during caesarean delivery is a
potentially life-threatening event and is associated with nausea
and vomiting,” loss of consciousness, cardiac arrest, death and
fetal compromise.® In South Africa (SA), anaesthesia-related
maternal mortality accounts for 2% of maternal deaths, with over
half of these due to spinal hypotension. Identifying patients
at risk of developing intraoperative spinal hypotension could
enable targeted interventions to reduce mortality. Preoperative
risk prediction for intraoperative hypotension has yielded mixed
results, with some methods requiring specialised equipment that
is not routinely available.®! There are also no practical scoring
systems to better quantify the risk of intraoperative hypotension.
Scoring systems could potentially enhance anaesthetic planning,
guide clinical decision-making and make timeous referral possible
where appropriate.

Objective

To assess practical preoperative risk factors for the development of
obstetric spinal hypotension, with the aim of developing a simple risk
scoring system.

Methods

Design

We undertook a prospective, single-centre, observational study of
patients undergoing caesarean delivery under spinal anaesthesia in
an SA regional hospital.

Ethical considerations

Ethical approval was given by the University of KwaZulu-Natal Ethics
Committee (ref. no. BE309/15), and permission to conduct the study
was given by hospital management and the provincial Department of
Health (ref. no. 2015RP27_702). Owing to the observational nature
of the data collected, the need for written consent from patients
was waived by both the ethics board and the health department.
Information regarding the study was made available to patients in the
form of an information pamphlet and displayed in the labour ward
and obstetric theatres.

Setting

The study was conducted in a regional referral centre in SA. It caters
for both routine and complex obstetric cases. The hospital runs two
obstetric theatres during normal working hours and one theatre after
hours. The service is run largely by junior medical officers with an
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average of 18 months’ anaesthesia experience. Consultant anaesthetic
supervision is available if required.

Participants

Recruitment of patients scheduled for caesarean delivery under
spinal anaesthesia between 07h30 and 16h00 on normal working
days took place from 29 June 2015 to 25 November 2015. For this
analysis we included all patients undergoing spinal anaesthesia,
i.e. both elective and emergency cases. Patients who underwent
conversion to general anaesthesia during the time period assessed
(insertion of spinal until 15 minutes after delivery of the baby) were
excluded from analysis.

Management and data collection

Relevant patient data recorded during the initial assessment
included height, weight, preoperative haemoglobin concentration,
maternal age and urgency of surgery. Baseline vital signs (heart
rate and non-invasive blood pressure) were recorded in theatre in
the left lateral position prior to administering spinal anaesthesia.
After administration of the spinal, non-invasive blood pressure
measurements were made at 1-minute intervals until 15 minutes after
delivery. Patients received metoclopramide 10 mg intravenously and
sodium citrate 30 mL per os preoperatively. Spinal anaesthesia was
standardised: all patients received 9 mg 0.5% hyperbaric bupivacaine
with 10 pg fentanyl, administered in the sitting position, and were
then immediately put into the supine position with a right hip wedge.
Hypotension was managed according to unit protocol. Vasopressor
boluses were given if the MAP was <80% of baseline MAP or the
systolic blood pressure (SBP) was <90 mmHg. If the heart rate was
>70 bpm, phenylephrine (50 - 100 pg) was administered, and if the
heart rate was <70 bpm, ephedrine (5 - 10 mg) was administered. The
unit also allows for a fixed-rate, prophylactic phenylephrine infusion
(25 pg/min) to be employed at the attending anaesthetist’s discretion.
A 1 L co-load of Ringer’s lactate was administered rapidly via an
18G intravenous line after insertion of the spinal anaesthetic. After
delivery, 3 IU oxytocin was administered as a slow injection and 7
IU oxytocin was given in the subsequent litre of fluid as an infusion.
Postoperatively all patients received 20 IU oxytocin in 1 L Ringer’s
lactate over 8 hours, as per national protocol.

All haemodynamic data were recorded with Nihon-Kohden
Lifescope monitors (BSM 3562, Nihon-Koden, Japan). Data were
manually recorded by the attending anaesthetist, entered into a
Microsoft Excel 2013 (Microsoft, USA) spreadsheet by a research
assistant, and then checked by one of the study investigators to ensure
data fidelity. Data were exported to a statistical program (Stata 13,
StataCorp, USA) for further analysis.

Outcome

The primary outcome was the prediction of hypotension, defined as
an SBP <90 mmHg, from the time of spinal insertion until 15 minutes
after delivery of the baby.

Statistical analysis

We planned to examine six candidate variables (body mass index
(BMI), baseline heart rate, baseline MAP, maternal age, urgency of
surgery (elective v. non-elective) and preoperative haemoglobin) as
predictors of hypotension, and used a projected incidence of 30%
hypotension. To avoid model over-fitting, it is suggested to have at
least 10 - 15 events per variable tested in a regression model.l*”) We
therefore required 60 events and recruitment of at least 180 patients.
We aimed to recruit a minimum of 440 patients.

Baseline characteristics of included patients were reported as means
(standard deviation) for continuous normally distributed variables,
and as numerical counts and percentages for categorical variables.
Comparisons between normally distributed continuous data were
done using Student’s t-test, and categorical data were analysed using
the x? test. The Shapiro-Wilk test was used for testing whether data
were normally distributed.

We performed backward stepwise logistic regression with
bootstrapping (exclusion threshold p>0.1) on the candidate variables
to determine their association with the primary outcome. We
assessed collinearity using the variance inflation factor. Variables
with a variance inflation factor >10 were considered to be collinear,
and we then excluded these variables from the analysis. Empirical
cut-point estimations were determined on the remaining significant
variables (p<0.05) using the method described by Liu.!®!

We developed a simplified risk score by assigning one point to
variables with values greater than the cut-point (heart rate, age)
or less than the cut-point (MAP). We then determined model
discrimination (c-statistic) and calibration. We reported the odds
ratios, 95% confidence intervals (CIs) and associated p-values to 3
decimal places, with p-values less than 0.001 reported as p<0.001. For
all tests, we used an alpha <0.05 level of significance.

The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guideline for the reporting of observational
studies was followed.”!

Results

Eligibility

The patient flow diagram (Fig. 1) shows that a total of 522 patients
were initially included in the study. Eighteen were excluded: 2 had
a general anaesthetic as the primary anaesthetic, 3 received the
incorrect bupivacaine dose, and 13 required conversion to general
anaesthesia during the time period assessed (spinal anaesthesia failed
in 11 of these patients, one had postpartum haemorrhage, and one
had an iatrogenic bowel injury). The final analysis included 504
patients.

The patient characteristics are outlined in Table 1.

The primary outcome was defined as an SBP of <90 mmHg
from the time of spinal insertion until 15 minutes after delivery
of the baby. We performed backward stepwise logistic regression
using the candidate variables BMI, baseline heart rate, baseline
MAP, maternal age, urgency of surgery (elective v. non-elective),
and preoperative haemoglobin to determine their association with
the primary outcome. The results of the backward stepwise logistic
regression analysis with bootstrapping are shown in Table 2.

This analysis confirmed that advancing age, a higher preoperative
heart rate and a lower preoperative MAP were associated with an

Patients initially included
N=522 Patients ineligible:
« Primary general anaesthesia, n=2

« Incorrect spinal dose, n=3

Patients undergoing
spinal anaesthesia

n=517 Patients excluded owing to

conversion to general
anaesthesia:

- Failed spinal anaesthesia, n=11
»Haemorrhage, n=1
« Bowel injury, n=1

Patients entered
n=504

Fig. 1. Patient flow chart.
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Table 1. Characteristics of recruited patients, comparing patients with an SBP of 290 mmHg during the time period assessed with

those with an SBP of <90 mmHg

Normotensive group  Hypotensive group

All patients (SBP 290 mmHg) (SBP <90 mmHg)

Characteristics (N=504) (N=351) (N=153) p-value
Age (yr), mean (SD) 27.4 (6.3) 26.9 (6.5) 28.5 (5.4) 0.009*
Weight (kg), mean (SD) 81 (16.8) 81 (15.8) 83 (18.8) 0.080
Height (cm), mean (SD) 158 (7.5) 158 (7.6) 158 (7.2) 0.673
BMI (kg/m?), mean (SD) 32.6 (6.8) 32.2 (6.4) 33.4 (7.5) 0.063
Haemoglobin (g/dL), mean (SD) 114 (1.6) 11.3 (1.7) 11.5 (1.6) 0.215
Hypertensive disease, 7 (%) 71 (14.1) 61 (17.4) 10 (6.5) <0.001*
Non-elective category, n (%) 154 (30.6) 120 (34.2) 34 (22.2) 0.007*
Baseline heart rate (bpm), mean (SD) 92 (15.0) 91 (15.0) 94 (14.7) 0.088
Baseline MAP (mmHg), mean (SD) 97 (14.2) 99 (14.2) 93 (13.6) <0.001*
Baseline SBP (mmHg), mean (SD) 128 (16.8) 131 (16.9) 122 (14.8) <0.001*
Total intraoperative fluid (mL), mean (SD) 1385 (542) 1302 (495) 1579 (598) <0.001*
Intraoperative blood loss (mL), mean (SD) 577 (186) 565 (177) 607 (203) 0.019*

SBP = systolic blood pressure; SD = standard deviation; BMI = body mass index; MAP = mean arterial pressure.

*Statistically significant (p<0.05).

Table 2. Results of backward stepwise logistic regression
analysis of all significant candidate predictors for SBP <90
mmHg during the study period

Variable OR 95% CI p-value
Maternal age 1.05 1.02 - 1.08 0.002*
Preoperative MAP 0.97 0.95 - 0.98 <0.001*
Preoperative heart rate 1.02 1.00 - 1.03 0.012

SBP = systolic blood pressure; OR = odds ratio; CI = confidence interval; MAP = mean
arterial pressure.
*Statistically significant (p<0.05).

increased incidence of hypotension following spinal anaesthesia.
There was no significant collinearity between these variables. The
empirical cut-point yielded cut-point risk thresholds of maternal age
>25 years (age >25 = 1), preoperative heart rate >90 bpm (heart rate
>90 = 1) and preoperative MAP <90 mmHg (MAP <90 = 1). We used
these values to generate a pulse rate, age and MAP score (the PRAM
score). The incidence of hypotension in each of the risk categories is
shown in Table 3.

The overall incidence of hypotension in the patient group was
30.4%. As shown in Fig. 2, the c-statistic for the prediction of an
SBP <90 mmHg was 0.63 (95% CI 0.58 - 0.66).

The model showed good calibration (Fig. 3). Calibration was
assessed graphically by plotting the observed outcome against the
predicted probability of SBP <90 mmHg.

Discussion
This prospective, observational single-centre study aimed to identify
preoperative risk factors for obstetric spinal hypotension and then
to develop a preliminary preoperative risk scoring system for the
development of intraoperative hypotension. We found that higher
preoperative heart rate, lower preoperative MAP and advancing
maternal age were associated with an increased incidence of
hypotension (SBP <90 mmHg). We then developed a preliminary
scoring system (the PRAM score) to identify patients at increased risk.
Obstetric spinal hypotension is common, with up to 80% of
cases requiring treatment with a vasopressor.” It is potentially
life threatening and is associated with nausea and vomiting,” loss
of consciousness, cardiac arrest, death and fetal compromise.?
Spinal hypotension is linked to more than half of the anaesthetic

Table 3. Incidence of hypotension in each of the PRAM score
risk categories

Normotension  Hypotension

(N=351) (SBP  (N=153) (SBP

290 mmHg), <90 mmHg),
PRAM score % (n) % (n) Total, N
0 81.1 (43) 18.9 (10) 53
1 78.4 (149) 21.6 (41) 190
2 64.2 (136) 35.8 (76) 212
3 46.9 (23) 53.1 (26) 49
Total 69.6 (351) 30.4 (153) 504

PRAM = pulse rate, age and mean arterial pressure; SBP = systolic blood pressure.
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Fig. 2. Receiver operator curve for PRAM score predicting SBP <90 mmHg
from the time of spinal insertion until 15 minutes after delivery of the baby.
Area under the curve = 0.626. (PRAM = pulse rate, age and mean arterial
pressure; SBP = systolic blood pressure.)

deaths in SA.[" Routine risk profiling for the development of spinal
hypotension holds many attractions, especially in the resource-
constrained environment. Anaesthetists in developing-world
conditions face unique challenges, including a lack of training and
experience.''! There is an urgent need to better identify patients
at risk and implement strategies to prevent associated morbidity
and mortality. Scoring systems that identify patients at risk could
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Fig. 3. Calibration of PRAM score for the prediction of SBP <90 mmHg
from the time of spinal insertion until 15 minutes after delivery of the baby:
a plot of expected (solid line) v. actual risk (dots) of spinal hypotension (SBP
<90 mmHg). (PRAM = pulse rate, age and mean arterial pressure; SBP =
systolic blood pressure.)

potentially enhance anaesthetic planning, guide clinical decision-
making and lead to timeous referral where appropriate. In addition,
routine scoring would sensitise clinicians to this important clinical
problem.

The incidence of hypotension is difficult to quantify owing to
inconsistencies in the definitions used across studies. Klohr et al.l!
found 15 different definitions across 63 different publications, with a
10-fold difference in incidence, depending on the definition used. We
used an absolute cut-off of SBP <90 mmHg to define hypotension, as
this is both clinically relevant and simple to use.

In choosing the candidate variables for this study, a higher priority
was given to parameters that are easily measured and readily available
and would have practical significance to the attending anaesthetist
in a resource-constrained setting. Four of the candidate variables
in this study have previously shown promise as predictors of spinal
hypotension. Baseline heart ratel'! and advancing maternal age!'>!%!
were predictors in retrospective studies, which our study confirmed.
A retrospective study demonstrated an association between a
higher preoperative MAP and significant hypotension under spinal
anaesthesia in elective cases.!'” However, these authors used a relative
definition for hypotension of an MAP reduction of >30% from
baseline rather than an absolute definition, which may explain why
our study found the opposite. BMI has previously been shown to
predict hypotension in obstetric spinal anaesthesia,!*'*! but our study
did not confirm this association. We also included urgency of surgery
and baseline haemoglobin as variables for theoretical reasons, despite
a lack of published evidence. Neither was shown to be predictive of
spinal hypotension. We did not aim to include methods of prediction
such as heart rate variability'*'”) or the perfusion index,"®! because
the equipment required is not universally available.

There are no simple scoring systems in use for the prediction
of obstetric spinal hypotension. Attempts to use computer-based
predictive models, such as artificial neural networks in the prediction
of general spinal hypotension,!'” are restricted by their complexity
in resource-constrained settings. Practical scoring systems such as
the shock index are already being used in postpartum haemorrhage
to establish ‘alert thresholds’ for use in resource-constrained
environments.”” Similar systems in obstetric anaesthesia have
significant appeal in low-resource environments.?! Based on our
findings, we developed a simple scoring system designed to identify

the high-risk patient for spinal hypotension. We used cut-point
estimates to choose clinically relevant criteria and demonstrated that
high-risk patients for hypotension can be identified preoperatively.

The incidence of hypotension (SBP <90 mmHg) in our cohort was
30.4%. Given this high event rate, it could be argued that there is
little practical value in attempting to predict hypotension. However,
patients with a PRAM score of 3 were more than twice as likely
to experience hypotension as those with a score of 0 - 1 (53.8% v.
21.6%). Preoperative identification of high-risk patients could enable
targeted prophylactic interventions such as use of a prophylactic
phenylephrine infusion. It could also enable timeous referral to a
specialist centre if expertise is lacking. In addition, the PRAM score
would sensitise clinicians to an important outcome in maternal
anaesthesia.

Study limitations

There are several limitations to this study. We used a single blood
pressure reading for a baseline measurement: this potentially
overestimates blood pressure, owing to maternal anxiety. The absolute
definition of hypotension minimises the impact of this problem, but
does mean that hypertensive patients who have a greater reduction
in baseline blood pressure may be excluded. This problem highlights
the need for a consensus definition for obstetric spinal hypotension.
Although the cohort consisted of 504 patients, using prospectively
collected data, much larger numbers are required to generate a more
robust scoring system. While the numbers in our trial are comparable
with other studies in the field,>'% in-hospital mortality scores such as
the Preoperative Score to Predict Postoperative Mortality (POSPOM)
were derived from over five and a half million patients.*” We also used
a single centre for data collection: differences in patient populations
and anaesthetic techniques can be expected to alter both the incidence
and the mechanism of hypotension. We have not validated our model:
prospective, multicentre external validation will therefore be required
to ensure reproducibility and reduce the fragility of results. However,
the PRAM score shows promise as a simple tool to quickly evaluate
perioperative risk in the obstetric group.

Conclusions

This study found preoperative heart rate, preoperative MAP and
advancing maternal age to be predictive of hypotension. The PRAM
score shows promise as a preliminary method to identify the high-
risk patient for obstetric spinal hypotension using basic, readily
available clinical parameters. Further prospective, multicentre studies
are required to confirm our findings.
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