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List of abbreviations

BMI Body mass index

BP Blood pressure

CS Caesarean section

DBP Diastolic blood pressure

DOT Disappearance of pulse oximeter trace
NIBP Non-invasive blood pressure

ROT Reappearance of pulse oximeter trace
SA Spinal anaesthesia

SBP Systolic blood pressure



Part A: Study protocol

As approved by the Departmental Research Committee and Human Research
Ethics Committee, University of Cape Town.

Introduction and aim of study

In South Africa, the preferred anaesthetic technique for emergency or elective
caesarean section (CS) is single shot spinal anaesthesia (SA), where a
combination of local anaesthetics and opiates is used. Spinal hypotension is
a common complication that demands prompt recognition and treatment to

prevent associated morbidity/mortality.™?

The standard method of blood pressure (BP) monitoring is with an automated
non-invasive blood pressure (NIBP) device, which utilises oscillometry. This
method measures oscillation amplitudes as the cuff pressure changes.
Pressure pulsations against the cuff cause oscillations. The mean arterial
pressure is the point of maximal oscillation and the most accurate parameter
measured by the oscillometric method. The systolic and diastolic pressures
can then be derived with reference to the mean pressure by use of an

algorithm.?

Rapid recording of the blood pressure is of cardinal importance so that timely
intervention with fluids and vasopressors can restore maternal blood pressure
and uteroplacental perfusion. For an improved response time, an alternative
method can be used to obtain an indication of the patient’'s systolic blood
pressure (SBP), by observing the disappearance (DOT) or return (ROT) of the
pulse oximeter waveform trace during inflation and deflation of the BP cuff

respectively.

Both the accuracy and precision of- and the time taken for this estimate are
important. Regarding accuracy, our clinical impression is that the rate of
increase of pressure in the cuff is more rapid in underweight and normal body
mass index (BMI) patients, where a smaller, lower volume cuff is used. This

could make the accurate visual estimation of blood pressure using DOT/ROT



more difficult than in obese patients, where the escalation of pressure in the

larger cuffs used is usually more gradual.

With regard to response time, NIBP readings often take longer in obese
patients. Therefore it is important to establish the time taken for the estimate
of blood pressure, as well as the time saved by doing the visual estimate,

across the physiological range of body mass indices.

In the morbidly obese population, an arterial line can be sited to give a more
accurate blood pressure measurement. In the developing world with its
limited resources, usually only noninvasive blood pressure devices are
available. Therefore, our study aim was to examine the accuracy of
estimation of SBP by disappearance and reappearance of the pulse oximeter
trace (DOT/ROT) with cuff inflation during SA for caesarean section, and to
examine the effect of body mass index on accuracy and precision of the
estimated SBP measurement, the time taken to achieve this estimate and the

time taken for the NIBP measurement.

The primary outcome will be a Bland and Altman comparison” (bias and limits
of agreement) between DOT/ROT and NIBP, in three BMI ranges, namely <
30 kg/m?, 30-40 kg/m?, and >40 kg/m?. The secondary outcome will be a
comparison of the time to measurement of DOT/ROT and NIBP, in these BMI

ranges.

The results of the study should hopefully improve the safety of spinal
anaesthesia for caesarean section in resource-limited areas in the developing
world, by rapid and accurate identification of spinal hypotension, particularly in

morbidly obese parturients.

Patients and methods

Approval for the study will be obtained from the Health Sciences Faculty
Human Research Ethics Committee of the University of Cape Town. This

prospective observational study will be performed at the Groote Schuur



Hospital Maternity Centre and Mowbray Maternity Hospital. Written informed
consent will be obtained from all participants in the ward at the time of

recruitment to the study.

Three groups of 25 patients per group requiring elective or emergency
caesarean section (with no prior epidural inserted), will be recruited. Group 1
will comprise parturients with normal body mass index (BMlI), defined as less
than 30 kg/m? Group 2 will comprise obese parturients, with BMI 30-40
kg/m?, and Group 3 will include morbidly obese parturients with a BMI of > 40
kg/m?. Height and weight values at the time of presentation for CS will be

used for calculation of BMI.
Inclusion criteria:

e Age >18 years
* ASAClass1to3

» Gestation >36 completed weeks

Exclusion criteria:

* Pre-existing hypertension

Preeclampsia or eclampsia

* Failed spinal anaesthesia

» Treatment with drugs that are known to affect blood pressure
* Any respiratory disease affecting arterial oxygen saturation

* Any condition causing impaired circulation to the hands

» Gestation <36 completed weeks

e Multiple pregnancy

The same DASH® 3000 monitor (GE Health Care, United Kingdom) will be

used for all measurements for the study.

Referring to the DASH® 3000 monitor (GE Health Care, United Kingdom)

operator manual:



“The oscillometric method uses a sensitive transducer, which measures cuff
pressure and minute pressure oscillations within the cuff to determine mean
pressure and calculate the systolic and diastolic BP. The parameter window
on the monitor displays the cuff inflation pressure during a measurement.
After inflating the cuff, the monitor begins to deflate the cuff and the
oscillations in the cuff are measured. Systolic, mean and diastolic BP is
calculated and the display updated. The monitor deflates the cuff one step
each time it detects two pulsations of relatively equal amplitude. The time
between deflation steps depends on the frequency of these matched pulses
(pulse rate of the patient). However, if the monitor is unable to find any pulse
within several seconds, it will deflate to the next step. The process of finding
two matched pulses at each step provides artifact rejection due to patient

movement and greatly enhances the accuracy.”

An appropriately sized blood pressure (BP) cuff for noninvasive SBP
measurements will be applied to patients in both groups. The American Heart
Association states that the width of the compression bladder of the BP cuff
should be about 40% of the circumference of the limb. The circumference of
the extremity is measured at the midpoint of the limb. The midpoint of the arm
is measured at half the distance between the shoulder and the elbow joints. If
the patient’s limb measurement falls on the borderline of two different cuff
sizes, the likelihood of an erroneous measurement is decreased if the larger
of the two cuff sizes is used. Loosely wrapped cuffs may result in falsely
raised measurements. Cuffs will be tightly applied, leaving only enough
space for one finger to be slipped between the skin and the cuff. The BP cuff
and the pulse oximeter probe will be applied to the arm and index finger on

the ipsilateral side.”

BP measurements for the study will be taken before and 5 minutes after

induction of spinal anaesthesia.

Standard practice for spinal anaesthesia at UCT will be employed. An
intravenous cannula will be sited and baseline measurements taken. Spinal

analgesia will be induced in the sitting position using 2.0 mL hyperbaric 0,5%



bupivacaine plus 10 ug fentanyl, with co-loading of crystalloid 15 ml/kg.

All patients, after induction of spinal anaesthesia, will lie supine on the
operating table with a standardised 15° left lateral tilt using an obstetric

wedge.

Prevention and management of hypotension will be at the discretion of the
attending anaesthetist. The usual practice is bolus administration of 50-100

Mg of phenylephrine or 5-10 mg ephedrine.

Two SBP measurements will be taken. During the first measurement, the
investigator will observe the dynamic pressure readings of the NIBP machine
as the cuff inflates, recording the systolic pressure at the point when the pulse
oximeter waveform disappears. The time taken for this estimation and the

actual NIBP measurement will be noted.

During the second measurement, the investigator will observe the dynamic
pressure readings of the NIBP machine as the cuff deflates, recording the
systolic pressure at the point when the pulse oximeter waveform reappears.
Once again, the time taken for this estimation and the actual NIBP

measurement will be noted.

For both readings, the investigator will be blinded to the NIBP measurements
of systolic, diastolic and mean BP, and recorded by the attending

anaesthetist.

The same investigator will take all the measurements to eliminate inter-

observer variability.

Calculation of sample size

A previous study compared non-pregnant healthy volunteers with parturients
with normal body mass index (< 30 kg/m?), with a sample size of 40 (20 per
group). In the present study, it was decided after consultation with our

statistician, to study a total of 75 parturients (25 per group), since this should
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ensure good modeling employing Bland and Altman analysis, considering the

results of the previous study.®
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Part B: Narrative Literature Review:

The use of pulse oximetry to estimate systolic blood pressure

1. Objectives

This literature review aims to examine studies utilising pulse oximetry to
estimate the systolic blood pressure, especially in the context of caesarean
sections (CS). In this situation, spinal hypotension is a common complication
that demands prompt recognition and treatment to prevent associated

morbidity/mortality.

2. Literature Search Strategy

The full text of relevant publications was obtained online, from the University
of Cape Town Health Science Library search facility, which accesses 17
medical digital archive databases worldwide. Pubmed/Medline was also
searched for relevant articles. Literature not published in the English

language was excluded.

3. Quality criteria

The keywords used for the search included each of the following, in various
combinations: estimation, non-invasive systolic blood pressure, pulse
oximetry, spinal anaesthesia, pregnancy, non-invasive blood pressure
machines, caesarean section, body mass index. By using reference lists,

further relevant papers were identified.

4. Summary of the literature

4.1. Introduction

Continuous noninvasive assessment of arterial oxygenation with a pulse
oximeter has been part of clinical practice since 1983. Operating on the

principle that fully oxygenated blood is only present during arterial pulsations,
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the oximeter uses pulse detection algorithms to identify the absorbance of
arterial light in a vascular bed. Oxyhemoglobin and reduced hemoglobin are
detected at two wavelengths of light (660 nm and 940 nm respectively), and
application of Beer's law allows the hemoglobin oxygen saturation to be

determined.!

The BP cuff was first used in clinical practice in the early nineteenth century.
The original method of SBP measurement was by occlusion of the palpable
radial arterial pulse. This method was replaced by auscultation of Korotkoff

sounds, allowing the diastolic and systolic pressure to be easily measured.?

The oscillometric technique of blood pressure measurement involves the use
of a sensitive transducer, which measures minute pressure oscillations within
the BP cuff and cuff pressure during gradual deflation. The mean arterial
pressure is the BP cuff pressure at the point of maximal oscillation, with
systolic and diastolic pressures derived with an algorithm.®> The various
manufacturers of NIBP devices use different algorithms, and there is no

generic oscillometric technique.®*®

Continuous pulse oximetry and blood pressure measurement (at least every
five minutes) form part of our standard intra-operative monitoring during
anaesthesia.®’® To detect the rapid changes after induction of SA for CS,

blood pressure is measured every minute, at least until delivery.

In the developing (and developed) world, the equipment and resources for
intra-arterial blood pressure monitoring are not always available, and
anaesthetists have to rely on an automated NIBP device. During SA for CS,
rapid blood pressure measurement using an NIBP monitor may be difficult,
especially if there is excessive patient movement.® In such a situation, the
anaesthetist may obtain an estimate of the patient’s systolic blood pressure by
observing the disappearance or reappearance of the pulse oximeter trace

during NIBP cuff inflation and deflation respectively.
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Sensitivity of the pulse oximeter probe to blood flow

An important consideration is the sensitivity of the pulse oximeter in detecting
the disappearance or return of pulsatile blood flow during BP cuff inflation or
deflation. Lawson et al. used a laser Doppler flow probe to determine the
magnitude of peripheral blood flow during manual inflation and deflation of a
BP cuff with a pulse oximeter probe placed on the ipsilateral arm. They noted
pulse oximeter signal loss once the occluding pressure during inflation
reduced the relative blood flow to 8.6 % (SD +5.9%) of the original blood flow.
A relative flow of only 4% (SD +3.1%) of the baseline blood flow was required
to restart the oximeter function. Thus, for the oximeter to detect signals, the
relative blood flows during inflation and deflation were different (p value <
0,02). Theoretically, this should mean that estimation of SBP with
disappearance of the pulse oximeter trace during cuff inflation should be
higher than estimation of SBP with reappearance of the trace during cuff
deflation. Their conclusion was that the pulse oximeter is an extremely

sensitive monitor for the detection of pulsatile blood flow.°

SBP estimation using the pulse oximeter trace, and correlation with
NIBP methods

Wallace et al. in their study of 51 patients with an age range of newborn to 79
years (average age of 25 years), compared blood pressure measurement by
Doppler flow meter and estimation of SBP by pulse oximetry techniques. A
standard manual BP cuff, pulse oximeter probe and Doppler probe (over the
radial artery) were all applied on the ipsilateral arm. SBP was recorded when
the oximeter waveform disappeared during BP cuff inflation. The mean
difference between methods was 4.9 mmHg with an SD of 7 mmHg. They
observed a good correlation between estimation of SBP with pulse oximetry
and the Doppler method (r = 0.93). Of note in this study, is that 729 pairs of
SBP were measured in only 51 patients, which implies that repeated BP
measurements were taken in each patient, serving as an explanation for their

high degree of correlation.**
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Talke et al. did a study on 20 healthy awake volunteers and 42 patients under
general anaesthesia. They compared the more traditional cuff methods of
SBP measurement by Korotkoff sounds, Doppler ultrasound and direct
measurement with an intra-arterial line, to the pulse oximeter method of
estimating systolic blood pressure. A manual BP cuff was used with a
deflation speed of 2-3 mmHg per second, with SBP estimated during cuff
deflation with pulse oximeter waveform reappearance. They found good
correlation between SBP estimation obtained by the pulse oximeter and the
different conventional methods with the best correlation observed with
Doppler ultrasound (r = 0.996) and the worst with intra-arterial measurements
(r = 0.880). A good correlation was observed with Korotkoff sounds (r =
0.958). Their conclusion was that this method can be used intra-operatively

to measure SBP.'?

Three studies were found evaluating pulse oximetry for estimating SBP in an

out-of-hospital setting:

Talke measured SBP using a pulse oximeter during the helicopter transport of
ten critically ill patients. The SBP measured by pulse oximetry was compared
with the SBP measured by the arterial occlusion and direct intra-arterial
methods. SBP by pulse oximetry was measured with the use of a manual BP
device, placed ipsilateral to the pulse oximeter probe, by observing the return
of the pulse oximeter waveform as the BP cuff was slowly deflated. For the
arterial occlusion pressure method, measurement was taken by observing the
return of the intra-arterial waveform during slow deflation of the BP cuff,
placed ipsilateral to the arterial cannula. They recorded seventy-three sets of
measurements and found the best correlation (r = 0.99) between pulse
oximetry and the arterial occlusion method. The indirect methods (pulse
oximetry and arterial occlusion) correlated better with each other than with the
direct intra-arterial measurements. They found that the helicopter’s noise and
vibrations did not cause significant interference with the functioning of the
pulse oximeter. They concluded that a pulse oximeter waveform could

accurately estimate SBP during helicopter transport.*®
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In another study of 116 patients during transport in a helicopter air
ambulance, estimation of SBP with disappearance of the pulse oximeter
waveform during BP cuff inflation was compared to a baseline BP obtained by
an automated BP device by oscillometry one minute earlier. The estimated
SBP obtained by disappearance of the pulse oximeter waveform showed a
strong correlation with the measured baseline SBP with an r = 0.90 and p <
0.001. The investigators concluded that disappearance of the pulse oximeter
waveform is an accurate method of estimating SBP, with the additional

advantages of being inexpensive and freely available.*

McKluskey et al. estimated SBP by observing the return of the pulse oximeter
waveform during cuff deflation in a moving ambulance and compared the
accuracy to automated NIBP measurements, as well as auscultation and
palpation. Sixty-nine patients’ blood pressure measurements were taken.
They used regression analysis and found a significant correlation between the
pulse oximetry method and the other methods used. Their correlation values
were r = 0.92 for the automated NIPB measurements; r = 0.95 for
auscultation, and r = 0.97 for palpation; all deemed significant at a p < 0.0001.
Their conclusion was that this is a quick, easy, and accurate method to
estimate SBP in an out-of-hospital setting, where more traditional methods of

auscultation or palpation may be problematic.*

A major limitation of the above studies evaluating the use of the pulse
oximeter waveform to estimate SBP was the analysis of correlation rather
than agreement. The latter can be achieved by using Bland-Altman analysis,
which is a graphical method to evaluate the extent of agreement between two
techniques measuring the same physiological variable. Bland and Altman
published their landmark study in the Lancet in 1986 and observed that in
clinical measurement when comparing the accuracy and precision of a new
measurement technique with an established method, the acceptability of the
new method depends upon bias and limits of agreement. They remarked that
previous comparisons between measuring devices were often analysed
inappropriately. Specifically by the use of correlation coefficients, which can

be misleading, as high degrees of correlations do not per se justify
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substituting one technique with another. *°

The following in-hospital investigations of the use of pulse oximetry to

estimate SBP did employ the Bland and Altman method:

Chawla et al. published a study in Anesthesia and Analgesia in 1992
evaluating the use of pulse oximetry to monitor systolic blood pressure in 100
healthy volunteers: 50 men and 50 women. The SBP was measured by three
techniques: using the pulse oximeter waveform, by Korotkoff sounds, and with
a manual oscillometric NIBP monitor. Using the oximetry method, SBP was
estimated at the disappearance of the waveform during manual blood
pressure cuff inflation (BPpis), at the reappearance of the waveform during
manual cuff deflation (BPapp), and by averaging the two estimations (BPav).

A manual BP cuff was used allowing control of inflation and deflation of the
cuff in 2-5 mmHg increments. The SBP estimates obtained by pulse oximetry
were then compared with the arterial blood pressures obtained by Korotkoff
sounds (BPx) and noninvasive blood pressure equipment (BPy)) By using
Bland-Altman analysis, they found good agreement between the BPay of
oximetry-based SBP estimates and the BPx and BPy.. In nearly 95% of
cases, the differences between BPay and conventional methods were likely to
be within £14 mmHg. Mean (SD) bias between BPAy and BPx was -0.4 (6.69)
mmHg and between BPay and BPy was -0.9 (7.09) mmHg respectively. Best
correlation was observed when BPaywas compared with BPx and BPy (r =
0.8714 and r = 0.8472, respectively.) They concluded that the pulse oximeter
waveform could be used to measure systolic blood pressure, with the best
agreement between BPay and conventional methods. The authors did not
estimate the disappearance and reappearance of the pulse oximeter trace
with an automated NIBP machine."’

The same authors described two case studies in patients known with aorto-
arteritis with pulseless upper limbs where conventional NIBP measurements
failed. Using the disappearance of pulse oximeter trace during BP cuff
inflation and reappearance of the oximeter trace during BP cuff deflation and

averaging the two values, they were able to obtain an estimate of the SBP.®
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A study in 46 children post-cardiac surgery compared estimation of SBP using
pulse oximeter waveform disappearance/reappearance during manual BP cuff
inflation/deflation (in 2-5 mmHg increments), with an oscillometric BP
measurement and the gold standard, intra-arterial BP measurement. Children
were divided into three weight groups: 2 - < 6 kg; 6-15 kg and > 15 kg. Blood
pressure measurements were obtained simultaneously using three different
extremities from the arterial catheter, the oscillometric device, and the pulse
oximeter. Pearson correlation coefficients and limits of agreement were
calculated to evaluate the three different BP measurement techniques. BP
measurements using the pulse oximeter method correlated better with intra-
arterial measurements than those from the oscillometric device, with pulse
oximeter waveform reappearance providing the most accurate estimation of
SBP with narrower limits of agreement, in all weight groups. In the three
weight groups comparing intra-arterial measurements to the oscillometric
measurements, correlation (r) ranged from 0.75 to 0.79. Comparing intra-
arterial measurements to the oximetry method, correlation (r) ranged from
0.77 to 0.96 during pulse oximeter disappearance and 0.83 to 0.95 during
pulse oximeter reappearance. They found that the oximeter estimations
remained reliable at lower blood pressures, whereas the accuracy of the
oscillometric measurements deteriorated further. The oximeter SBP
estimations were also shown to be more accurate in the smallest patients (2 -
< 6 kg) where blood pressure also tended to be lower. Their conclusion was
that observation of the reappearance of the pulse oximeter waveform is a
reliable and accurate way to measure non-invasive blood pressure in children,
and is superior to the oscillometric method for small patients < 15 kg when

compared with direct intra-arterial measurements.*

Khalili et al. in 2002 measured blood pressure in 50 healthy adult volunteers
with conventional and pulse oximeter methods. Measurement of SBP using a
pulse oximeter involved evaluation of the pulse oximeter waveform during
manual BP cuff inflation and deflation with subsequent calculation of the
degree of agreement between the two methods. They found a mean
difference between systolic blood pressure and pulse oximeter blood pressure

during inflation of the cuff of 0.06 +/- 1.75 mmHg. The highest correlation was
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also between these two pressures (r = 0.988). This study concluded that the
best agreement was between SBP and pulse oximeter blood pressure during
manual cuff inflation. They found that inflation of the BP cuff at a slow speed
was necessary for accurate estimation of SBP by the pulse oximeter

method.?°

Only one study could be found comparing automatic NIBP measurement and
pulse oximetry-derived SBP during regional anaesthesia. Yentis et al. applied
Bland and Altman analysis to radial artery palpation and observation of the
oximeter trace to estimate the automated non-invasive SBP in two groups of
20 women: healthy non-pregnant volunteers and parturients undergoing SA
for elective CS. An NIBP cuff and a pulse oximeter probe were applied to the
same arm. By observation of the real-time values of cuff pressure during cuff
inflation or deflation, the SBP was noted on disappearance or reappearance
of the manually palpated radial arterial pulse or pulse oximeter waveform.
They also noted the actual measured SBP and compared the results utilising
Bland—Altman analysis. In the volunteers using the radial artery palpation
method, the bias/precision was -12.9/22.1 mmHg (during cuff inflation) and
-9.7/16.7 mmHg (during cuff deflation). Bias/precision for oximetry was 29.5/
18.8 mmHg (during cuff inflation) and -20.7 / 21.7 mmHg (during cuff
deflation). In the parturients, the bias or precision was -19.0 / 47.6 mmHg
(during cuff inflation) and -15.5/51.0 mmHg (during cuff deflation) for arterial
palpation, and 22.6/ 16.1 mmHg (during cuff inflation) and -14.2/19.9 mmHg
(during cuff deflation) for oximetry.

They found that both methods tended to underestimate the SBP recorded by
the NIBP machine (by an average of 10-20 mmHg), the exception being pulse
oximetry during cuff inflation, which tended to overestimate SBP by an
average of 20-30 mmHg. They concluded that although relatively inaccurate
and imprecise, both the arterial palpation and pulse oximetry methods may be
used to estimate SBP during CS under SA. In this study, mean (SD) BMI was
23.6 (4.0) kg/m?in the volunteers and 23.0 (4.0) kg/m? in the parturients, so

the effect of BMI was not considered.?*
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Conclusions and rationale for the research proposal

It is clear from this literature review that occlusion of the pulse oximeter trace
can be used to estimate SBP, although accuracy and precision do vary
depending on the exact methodology. Many studies made use of a manual
blood pressure cuff with control of the inflation and deflation rate, usually in 2-
5 mmHg increments, which could clearly have allowed for more accuracy and
precision. 3171920 Aytomated NIBP devices have a faster speed of inflation
and deflation and so it might be more technically difficult to estimate SBP
during faster cycling speeds. BP measurement devices often inflate to a
higher cuff pressure on the first measurement and subsequently inflate to a

different cuff pressure based on the initial BP value.?

Only a limited number of studies could be found that utilised Bland and
Altman analysis.*”***! Only one study was found in the obstetric population
during regional anaesthesia.’* No studies could be found in the obese
population. The obstetric anaesthetist is increasingly being confronted with
the problem of rising number of obese parturients presenting for caesarean
section.”® Obesity is known to increase the risk of maternal morbidity and
mortality.>* Morbid obesity, in particular, has been identified in The
Confidential Enquiry into Maternal and Child Health (CEMACH) report as an
independent risk factor for maternal mortality. The CEMACH report, ‘Saving
Mothers’ Lives’, was published in 2011, reviewing the 261 maternal deaths in
the UK between 2006 and 2008. This report highlighted obesity (BMI > 30
kg/m?) as one of the top ten most common conditions requiring pre-pregnancy
counselling.”® The latest MBRRACE-UK report (Mothers and Babies:
Reducing Risk through Audits and Confidential Enquiries across the UK)
published in 2014, showed that of the maternal deaths reported, over 22% of
women were overweight and 27% obese. The report also highlighted the

increasing prevalence of obesity amongst the pregnant population.?®’

There is considerable evidence highlighting obesity in pregnancy and its
association with an increased occurrence of Caesarean sections. It would be

of clinical value to know whether estimation of SBP during occlusion of the
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pulse oximeter trace in obese patients, in whom the larger cuff is associated
with more gradual inflation, could be more accurate and precise than in
patients with normal BMI. Particularly in obese patients, rapid and accurate
identification of spinal hypotension is of the utmost clinical importance.
Therefore, it was decided to investigate the utility of occlusion of the pulse
oximeter trace in the estimation of systolic blood pressure during spinal
anaesthesia for caesarean section, and the effect of body mass index on this
estimation. This is particularly important in resource-limited environments,

where invasive blood pressure monitoring is not always available.
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Abstract

Background: The aim of this study was to improve the safety of spinal
anaesthesia (SA) for caesarean section (CS) for morbidly obese parturients,
by rapid and accurate identification of hypotension. We compared the
accuracy and precision of estimation of the systolic blood pressure (SBP) by
disappearance of the pulse oximeter trace (DOT), with noninvasive blood
pressure (NIBP) measurement during cuff inflation and deflation, across the

range of body mass index (BMI), during SA for CS.

Methods: Three groups of 25 parturients were recruited, with BMI of < 30-
(Group 1), 30-40- (Group 2), and > 40 kg/m? (Group 3) respectively. SBP was
measured using the DASH® 3000 monitor (GE Health Care, UK) NIBP
monitor, placed on the same arm as the pulse oximeter probe. Estimations of
SBP were done before- and 5 minutes after induction of SA, during cuff
inflation and deflation. The times taken for the estimations and the actual
NIBP measurements were noted. Bland and Altman analysis was performed

and the concordance correlation coefficient (r) estimated.

Results: Concerning the most clinically relevant estimation, namely SBP

during inflation post-SA:

For Groups 1, 2 and 3, r = 0.56, 0.74 and 0.91; bias = -0.4, -2.9 and 0.8
mmHg, and limits of agreement = -27.7 to 26.9, -27.7 to 21.9 and -15.9 to
17.5 mmHg respectively.

The mean (SD) time required for estimation of the SBP during inflation post-
SA was 7.5 (1.1) s, 11.8 (3.8) s and 16.8 (4.2) s in the Groups 1, 2 and 3
respectively. The mean (SD) time required for measurement of post-SA SBP
during inflations in Groups 1, 2 and 3, was 30.3 (13.1) s, 41.3 (10.2) s and
49.8 (14.6) respectively. In the post-SA period, mean time saved by
estimating SBP during inflation was approximately 28.5 seconds, compared
with 9 seconds during deflation. The time saved in Groups 1, 2 and 3 was
22.8 (13.2) s, 30.0 (11.6) s and 33.0 (15.6) s respectively.
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In the BMI > 40 kg/m? group, the percentage error is +13% of the mean
systolic blood pressure observed, and the absolute error is +16 mmHg,

compared to +27 mmHg in the normal BMI group.

Conclusion: Post-SA estimation of SBP during cuff inflation in morbidly
obese patients is more accurate and precise than in the other BMI Groups.
Time to estimation is shorter than measurement by a clinically relevant period

(33 s). This should improve patient safety in morbidly obese parturients.

Keywords:
Pulse oximeter trace, systolic blood pressure, spinal anaesthesia, caesarean

section, body mass index (BMI)
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3. Main text

Introduction

The latest CEMACH report published in 2014, MBRRACE-UK: Saving Lives,
Improving Mothers’ Care, showed that of the maternal deaths reported, over
22% of women were overweight and 27% obese. The report also highlighted
the increasing prevalence of obesity amongst the pregnant population.'?
Hence, the obstetric anaesthetist is increasingly being confronted with the
problem of a rising number of obese parturients presenting for caesarean
section.® In South Africa, the preferred anaesthetic technique for emergency
or elective caesarean section is single shot spinal anaesthesia (SA), where a
combination of local anaesthetics and opioids is used. Spinal hypotension
demands prompt recognition and timely intervention with fluids and

vasopressors, particularly in morbidly obese patients.

The usual method of blood pressure (BP) monitoring is with an automated
non-invasive blood pressure (NIBP) device, which utilises the oscillometric
measuring method. To improve response time, an alternative method to
obtain an indication of the patient’s systolic blood pressure (SBP) is to
observe the disappearance (DOT) or reappearance (ROT) of the pulse

oximetry trace during BP cuff inflation and deflation respectively.

One previous study in women with a normal body mass index undergoing SA
for caesarean section included an assessment of blood pressure by
disappearance of the oximeter trace. The investigators showed moderate

accuracy and precision.*

Both the accuracy and precision as well as the time taken for this estimate are
important. Regarding accuracy, our clinical impression has been that the rate
of increase of pressure in the cuff is more gradual in the high body mass
patients, where a larger, higher volume cuff is used. This could make the
accurate visual estimation of blood pressure using DOT/ROT easier in obese

patients than in low body mass patients, where the escalation of pressure is



28

more rapid. As regards response time, NIBP readings often take longer in
obese patients, and it is important to establish the time taken for the estimate
of blood pressure, as well as the time saved by doing the visual estimate,

across the physiological range of body mass indices.

In the morbidly obese population, an arterial line can be sited to give a more
accurate blood pressure measurement. In the developing world with its
limited resources, usually only noninvasive blood pressure devices are
available. It was therefore decided to study the accuracy of estimation of SBP
by disappearance and reappearance of the pulse oximeter trace (DOT/ROT)
with cuff inflation during SA for caesarean section, and to examine the effect
of body mass index on accuracy and precision of the estimated SBP
measurement, the time taken to achieve this estimate and the time taken for

the NIBP measurement.

The primary analysis was an agreement comparison (bias and limits of
agreement) between DOT/ROT and NIBP, across the full BMI range (normal
to morbidly obese). Concordance between measured and estimated values
was also evaluated. The most clinically relevant estimation of SBP was
during inflation of the cuff after induction of SA. The secondary analysis was
a comparison of the time to measurement of DOT/ROT and NIBP, in the BMI

range.

The aim of the study was to improve the safety of SA for caesarean section in
resource-limited areas in the developing world, by rapid and accurate

identification of spinal hypotension, particularly in morbidly obese parturients.

Patients and methods

Approval for the study was obtained from the Health Sciences Faculty Human
Research Ethics Committee of the University of Cape Town (UCT). This
prospective observational study was performed at the Groote Schuur Hospital
Maternity Centre and Mowbray Maternity Hospital, Cape Town, South Africa.

Written informed consent was obtained from all participants in the ward at the
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time of recruitment to the study.

Three groups of 25 patients each, requiring elective or emergency caesarean
section, were recruited. Group 1 comprised parturients with normal body
mass index (BMI), defined as 30 kg/m? or less, Group 2 were obese
parturients with BMI 30 - <40 kg/m?, and Group 3 included morbidly obese
parturients with a BMI of =40 kg/m?.

Inclusion criteria were age >18 years, ASA Class 1 to 3 and gestation >36
completed weeks. Exclusion criteria were pre-existing hypertension,
preeclampsia or eclampsia, failed SA, chronic treatment with drugs that are
known to affect blood pressure, any respiratory disease affecting arterial
oxygen saturation, any condition causing impaired circulation to the hands,

and multiple pregnancy.

The same automated DASH® 3000 monitor (GE Health Care, United
Kingdom) was used for all measurements for the study. An appropriately
sized blood pressure (BP) cuff for noninvasive SBP measurements was
applied to patients in all groups, following American Heart Association
guidelines® (Adult cuff 27.5 — 36.5 cm and Large Adult cuff 35.5 — 46 cm
[UNIMED Medical Supplies Inc. Shenzhen, China]). Cuffs were applied
snugly, allowing only enough room for one finger to be slipped between the
cuff and the skin surface. The BP cuff and the pulse oximeter probe were

applied to the arm and index finger on the ipsilateral side.

An intravenous catheter was placed. For all NIBP measurements, patients
were placed supine on the operating table with 15° left lateral tilt, using an
obstetric wedge. The first two NIBP readings were taken for the study, 1
minute apart, immediately before the induction of SA, using the dedicated
DASH monitor. During the first measurement, the investigator observed the
dynamic pressure readings of the NIBP machine as the cuff inflated, recording
the SBP at the point when the pulse oximeter waveform disappeared (DOT).
The time taken for this estimation and the actual NIBP measurement were
noted. With the second measurement, the investigator observed the dynamic

pressure readings of the NIBP machine as the cuff deflated, recording the
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SBP at the point when the pulse oximeter waveform reappeared (ROT).
Once again, the time taken for this estimation and the actual NIBP

measurement were noted.

SA was induced with the patient in the sitting position, using 2.0 mL
hyperbaric 0,5% bupivacaine plus 10 pg fentanyl, with co-loading of
crystalloid (Modified Ringer’s lactate) 15 mL/kg after induction of spinal
anaesthesia. All patients, after induction of SA, were positioned supine on the
operating table, with 15° left lateral tilt using an obstetric wedge. Five minutes
post induction of SA, a further two NIBP readings were taken for the study, 1
minute apart, using the dedicated DASH monitor, employing the same
methodology as the pre-SA readings. For all readings, the investigator was
blinded to the NIBP measurements of systolic, diastolic and mean BP, which
were recorded by the attending anaesthetist. This was done by placing an
opague rectangular cover over the blood pressure display panel of the DASH
monitor. The same investigator took all the measurements, to eliminate inter-

observer variability.

Prevention and management of hypotension were at the discretion of the
attending anaesthetist. The usual practice is administration of a bolus of 50-

100 ug of phenylephrine or 5-10 mg ephedrine.

Statistical analysis

Recruitment was stratified by BMI categories as indicated, to ensure that the
agreement analysis would be possible across the whole BMI spectrum, as

well as BMI group-specific.

Descriptive statistics of the demographic and anthropometric variables were
compiled, as well as for the blood pressure measurements (means and
standard deviations) by phase, type, pre- and post-SA and by BMI group.
The main agreement analysis was a Bland and Altman comparison of
DOT/ROT and NIBP measurements. The concordance correlation coefficient

of Lin was also estimated. Graphical plots of the limits of agreement were
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constructed. For the period and measurement of clinical interest, namely SBP
post-SA inflation, the association of BMI with the bias and the variability of the
difference were investigated. For the association of the bias, the significance
of a Spearman correlation coefficient between the difference and BMI was
determined, whereas for the variability the Spearman correlation between the

absolute value of the difference and BMI was calculated and tested.

Results

Three groups of 25 women were studied (Group 1 comprised parturients with
normal body mass index [BMI], defined as 30 kg/m? or less, Group 2 were
obese parturients with BMI 30-40 kg/m? and Group 3 included morbidly
obese parturients with a BMI of > 40 kg/m?).

The pooled demographic and anthropometric results of the 75 participants are
provided in Table 1. The median age of the participants was 30 years,
ranging from 18 to 40 years. The median BMI was 35.6 kg/m?, with a range
from 22 kg/m?to 59.2 kg/m?.

Table 2 summarises the concordance, the bias and the limits of agreement of

the differences between measured and estimated SBP overall, and by BMI

group.

Concerning the most clinically relevant estimation, namely SBP during

inflation post-SA:

For Group 1, r = 0.56, bias = -0.4, limits of agreement = -27.7 to 26.9 mmHg
For Group 2, r = 0.74, bias = -2.9, limits of agreement = -27.7 to 21.9 mmHg
For Group 3, r = 0.91, bias = 0.8, limits of agreement =-15.9 to 17.5 mmHg

Figure 1 is a combined Bland and Altman plot showing the bias as well as the
limits of agreement of the differences between measured and estimated SBP
values for post-SA inflation (DOT), in the 3 BMI groups. Also depicted are the
overall limits of agreement not taking BMI into account. Overall the bias was
not associated with BMI, but the variability was negatively associated with
BMI (Spearman r = -0.29, p = 0.01).
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The mean (SD) time (seconds [s]) required for the estimation of the pre-SA
SBP during inflation, was 7.9 (1.3) s, 12.2 (3.8) s and 19.2 (3.9) s in Groups 1,
2, and 3 respectively. The mean (SD) time required for measurement of the
SBP, was 31.1 (5.7) s, 35.8 (6.7) s and 43.0 (7.1) s in the 3 groups
respectively. In the pre-SA period, the mean (SD) time saved by estimation
during the inflation period (i.e. time for measured SBP minus time for
estimated SBP during inflation) was 24 s, and 7 s during the deflation period
overall. The mean (SD) time saved in Groups 1, 2 and 3, was 23.3 (5.7) s,
23.5 (5.4) s and 23.7 (5.4) s respectively. (See Tables 3 and 4)

The mean (SD) time required for estimation of the SBP during inflation after
induction of SA, was 7.5 (1.1) s, 11.8 (3.8) s and 16.8 (4.2) s in Groups 1, 2
and 3 respectively. The mean (SD) time required for measurement of post-
SA SBP during inflations in Groups 1, 2 and 3, was 30.3 (13.1) s, 41.3 (10.2)
s and 49.8 (14.6) s respectively. In the post-SA period, mean time saved by
estimating SBP during inflation was approximately 28.5 s, compared with 9 s
during deflation. The time saved in Groups 1, 2 and 3 was 22.8 (13.2) s, 30.0
(11.6) s and 33.0 (15.6) s respectively. (See Tables 5 and 6)

There were no missing values in the study. There were two cases where
initial blood pressure measurements post-SA could not be obtained due to
acute hypotension. These measurements were repeated after treatment of

the hypotension.

Discussion

This prospective observational study showed that estimation of the SBP using
the DOT method during inflation post-SA is more accurate and precise in
morbidly obese parturients (Group 3) undergoing CS under SA, compared
with the lower BMI groups. The estimation of SBP by the DOT method also
reduces the delay associated with formal NIBP measurement in this group, by

a clinically relevant period.
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Using the DOT method in Group 3, the limits of agreement indicate that the
percentage error will be +13% of the average SBP observed in this group
(122 mmHg). In this high BMI Group, the error is £16 mmHg compared to
+27 mmHg in Group 1. Mean (SD) time saved by estimating the SBP by this
method was 33 (15.6) s, which has greater clinical relevance in the high BMI

group concerning the longer measurement time required, of 49 s.

Concerning the most clinically relevant estimation, namely SBP during
inflation post-SA, we found a small bias between measured and estimated
SBP in Group 3, excellent concordance and acceptable limits of agreement.
By contrast, Group 1 showed poor concordance and broader limits of

agreement.

In two patients (one in Group 1 and the other in Group 3), it was not possible
to obtain an SBP measurement on the first attempt post-SA. The investigator
was able to obtain an estimated SBP using the DOT method during inflation,
in both cases showing severe acute hypotension, and could alert the
anaesthetist to the urgent need to administer vasopressors. For the purposes

of the study, the measurements were repeated after vasopressor therapy.

The oximeter method to estimate BP has a few limitations. Only SBP can be
obtained. Also, estimation of SBP using the oximeter can be subject to
observer variation and differing results between the various oscillometric NIBP
devices. Each NIBP device use different algorithms to calculate SBP and
DBP, as well as varying speeds of inflation and deflation, so our results might
not be entirely reproducible with other devices.>’ We used the DASH® 3000
monitor (GE Health Care, United Kingdom) as it is one of the standard
monitors worldwide. We observed that cuff inflation was more rapid than
deflation, especially in the normal- compared with the large adult cuff. This
device takes its measurement during deflation, which explains the slower rate
of deflation compared with inflation, as well as the more accurate and precise
estimation of SBP across the BMI range during deflation (Table 2). This is
also in keeping with the finding that the disappearance of the trace during

inflation occurs at a higher percentage of the baseline blood flow than during
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reappearance of the trace during deflation.® However, the delay associated
with NIBP measurement is only marginally longer than estimation during cuff
deflation. Therefore, it was important that acceptable accuracy and precision
were associated with SBP estimation during cuff inflation in Group 3 where
the delay in obtaining SBP is considerably less than using NIBP

measurement.

Several studies have been performed using the pulse oximeter trace to

P.9_16

estimate SB However, most of these studies assessed the degree of

correlation between the different methods®***3*

, and as Bland and Altman
have pointed out, the more relevant comparison should involve the
establishment of the limits of agreement.!’ Most of these studies also used a
manual BP cuff, which allowed control of the rate of inflation and deflation of
the cuff, resulting in moderately accurate results with good correlation.?**1°1¢
However, in obstetric anaesthesia practice, an NIBP device is used for
automated regular and frequent determinations.

A limited number of studies have utilised Bland-Altman analysis.**21%1¢

A study done by Chawla et al. evaluated the use of pulse oximetry to
accurately monitor systolic blood pressure in 100 healthy volunteers. Using
the oximetry method, they estimated arterial blood pressure at the
disappearance of the waveform during manual blood pressure cuff inflation
(BPpis), at the reappearance of the waveform during manual cuff deflation
(BPapp), and by averaging the two estimations (BPay). By using Bland-Altman
analysis, they found good agreement between the BPay of oximetry-based
SBP estimates and the BPx (Korotkoff) and BPy (Noninvasive). In nearly
95% of cases, the differences between BPay and conventional methods were
likely to be within +14 mmHg.*?> Using an average of two SBP estimations as
in this study is time-consuming, and eliminates the advantage of an earlier

response time attained in our study.

Another study utilising Bland-Altman analysis to investigate occlusion of the
oximeter trace to estimate SBP was the only previous investigation that could

be found in an obstetric population during SA. Yentis et al. applied Bland and
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Altman analysis to radial artery palpation and observation of the oximeter
trace during inflation and deflation, to estimate the SBP in 20 healthy
volunteers and 20 parturients undergoing SA for CS. The study found that
both methods had poor accuracy and low precision for estimating the SBP
recorded by the NIBP device. Both methods underestimated SBP by an
average of 10-20 mmHg, except for pulse oximetry during cuff inflation, which
overestimated SBP by a mean of 20-30 mmHg. Mean (SD) BMI was 23.6
(4.0) kg/m?in the volunteers and 23.0 (4.0) kg/m? in the parturients, so the
effect of BMI was not considered.* No studies could be found examining the

influence of BMI on accuracy and precision.

As in the Yentis study, we did not study the influence that intravenous fluids or
vasopressors might have on blood pressure determination but followed
routine clinical practice. We also did not record heart rate, which may have
an effect on our estimations since BP may change more between slow —
rather than fast pulsations. In our study, heart rates ranged from 70 to 100

beats per minute.

Similar to the Yentis study, our aim was not to compare the accuracy of the
DOT method to the intra-arterial pressure but to evaluate its accuracy in
estimating the SBP measurement, as this is the standard monitoring used
intra-operatively. This method has the added benefit of being easy to use,
without demanding any new or expensive equipment. It can be especially
useful in patients with very low blood pressure, for whom oscillometric
measurements might be unobtainable, as was found in two instances in our

study.

In conclusion, the DOT method may be used for post-SA estimation of SBP
during CS in morbidly obese patients. In these patients the reading is more
accurate and precise than in lower BMI patients. In addition, the delay
associated with measurement using the NIBP device is reduced by a clinically
relevant period. This ensures an earlier response time to hypotension. This
method can be particularly helpful in low-resource settings where intra-arterial

lines are not always available. The result could be safer anaesthesia for our
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morbidly obese parturients.
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4. Figures and Tables

Table 1. Patient demographic and anthropometric details. (n=75)

38

Variable Min P25 P50 P75 Max
BMI (kg/m?) 22 28.5 35.6 42.3 59.2
Arm 24.8 28 325 39.1 49
circumference
(cm)
Height (m) 1.45 1.56 1.6 1.64 1.74
Weight (kg) 56 70 90 112 150
Age (years) 18 26 30 33 40

Table 2: Concordance summary between measured and estimated SBP

Overall
Period Timing of Concordance | Bias 95% Limits of | Variance
estimate (95 % CI) (SD) agreement test
mmHg (mmHQ) p-value
Pre-SA Inflation 0,73 -0,9 -23,2t0 21,4 0,51
(0.63-0.84) | (11.4)
Pre-SA Deflation 0,9 -2,7 -17,0to 11,6 <0.01
(0.85 - 0.94) (7.3)
Post-SA Inflation 0,79 -0,8 -24,1t0 22,4 0,59
(0.71-0.88) | (11.9)
Post-SA Deflation 0,87 1,7 -15,8t0 19,2 <0.01
(0.81-0.92) (8.9)
BMI < 30 kg/m?
Period Timing of Concordance | Bias 95% Limits of | Variance
estimate (95% CI) (SD) agreement test
mmHg (mmHgQ) p-value
Pre-SA Inflation 0,53 -5,2 -29,910 19,6 0,09
(0.26 — 0.8) (12.6)
Pre-SA Deflation 0,78 -3,3 -17,3 t0 10,6 0,03
(0.64 — 0.93) (7.1)
Post -SA Inflation 0,57 -0,4 -27,7 10 26,9 0,95
(0.29 — 0.84) (13.9)
Post-SA Deflation 0,68 3,3 -15,7 to 22,2 0,06
(0.48 — 0.88) (9.7)
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BMI: 30 - 40 kg/m*

Period Timing of Concordance | Bias 95% Limits of | Variance
estimate (95% CI) (SD) agreement test
mmHg (mmHgQ) p-value
Pre-SA Inflation 0,73 -3 -21,6 to 15,5 0,31
(0.54 - 0.92) (9.5)
Pre-SA Deflation 0,79 -1 -19,1t0 17,0 0,01
(0.66 — 0.92) (9.2)
Post-SA Inflation 0,74 -2,9 -27,7t0 21,9 0,41
(0.55 -0.92) (12.7)
Post-SA Deflation 0,90 0 -15,7 to 15,7 0,09
(0.82 -0.97) (8)
BMI > 40 kg/m?
Period Timing of Concordance | Bias 95% Limits of | Variance
estimate (95% CI) (SD) agreement test
mmHg (mmHgQ) p-value
Pre-SA Inflation 0,69 55 -12,6 to 23,5 0,02
(0.49 — 0.88) (9.2)
Pre-SA Deflation 0,91 -3,8 -13,41t05,8 <0.01
(0.85 - 0.98) (4.9)
Post-SA Inflation 0,91 0,8 -159t0 17,5 0,89
(0.84 —0.98) (8.5)
Post-SA Deflation 0,90 1,7 -16,0 to 19,5 0,22
(0.82 -0.97) (9.1)




40

Figure 1: Bias and limits of agreement between estimated and measured

SBP difference

SBP for post-SA inflation (DOT) in the 3 BMI groups, and overall
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Solid blue line: Limits of agreement in the three BMI groups.
Green striped line: Overall limits of agreement not taking BMI into
account.

: Bias in the three BMI groups.
Solid purple line: Bias overall, not taking BMI into account.



Table 3: Time to estimation and measurement:
Pre-SA inflation
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Time to Time to Time saved
BMI estimation measurement Mean (SD)
Mean (SD) Mean (SD)
< 30 kg/m? 7.9s(1.35s) 31.1s(5.75) 23.35 (5.7 5)
30-40 kg/m? 12.2s (3.8 ) 35.8s5 (6.7 ) 23.5s(5.459)
> 40 kg/m* 19.2s (3.9 ) 43.0s(7.159) 23.7s (5.4 s)
Table 4: Time to estimation and measurement:
Pre-SA deflation
Time to Time to Time saved
BMI estimation measurement Mean (SD)
Mean (SD) Mean (SD)
< 30 kg/m® 11.8s (2.0 s) 18.55 (3.7 5) 6.6 (2.7 s)
30-40 kg/m? 17.1s(5.09) 22.8s(5.559) 5.75(2.55)
> 40 kg/m* 25.2s(4.25) 34.25(5.95) 9.0s (4.6 s)




Post-SA inflation
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Table 5: Time to estimation and measurement:

Time to Time to Time saved
BMI estimation measurement Mean (SD)
Mean (SD) Mean (SD)
< 30 kg/m? 75s(1.15s) 30.3s5(13.15) 22.8s(13.2s)
30-40 kg/m? 11.8s(3.89) 41.3s(10.2) 29.6s(11.6s)
> 40 kg/m* 16.8 s (4.2 s) 49.8 s (14.6 s) 33.0 5 (15.6 S)
Table 6: Time to estimation and measurement:
Post-SA deflation
Time to Time to Time saved
BMI estimation measurement Mean (SD)
Mean (SD) Mean (SD)
< 30 kg/m® 1155 (2.35) 19.0s (5.2 s) 7.6s(5.45s)
30-40 kg/m? 16.4s (4.6 s) 27.0s(6.95s) 10.6s(7.4s)
> 40 kg/m* 2465 (5.2s) 33.2s5(5.55) 8.65(3.15s)
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Consent form for study: The utility of occlusion of the pulse oximeter trace
in the estimation of systolic blood pressure during spinal anaesthesia
for caesarean section: the effect of body mass index

Investigator: Theresa Samuel
Supervisor: Professor Robert Dyer
Email: theresas.2403@gmail.com

We are doing a study to compare our estimation of the
systolic blood pressure, which is usually done as part of
routine clinical practice, with the measurement that our
blood pressure machine takes.

We would like to take your blood pressure measurements
for our study, before and approximately 5 minutes after
your spinal anaesthesia. Your blood pressure monitoring
will continue as per the usual protocol and our study will not
influence the normal standard of care that you receive
during the operation.

Information that will be used is your weight, height, arm
circumference and the blood pressure measurements.

This information will be kept confidential.

The study will not influence the outcome of your anaesthesia
or your hospital treatment in any way and is completely
voluntary.

You can withdraw from the study at any time.

[ hereby consent for my blood pressure measurements to be
taken and to be used in the study.

Signature:
Name:
Date:

UCT, Faculty of Health Sciences, Human Research and Ethics
Committee

Rm E52-24 0Old Main Building

Tel 021 404 7682 Fax 021 4066411
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Data collection form for study:

The utility of occlusion of the pulse oximeter trace in the
estimation of systolic blood pressure during spinal
anaesthesia for caesarean section: the effect of body

mass index

Height: M
Weight: Kg
BMI: kg/m2
Arm circumference:
Cuff size:
Baseline SBP inflation - mmHg
estimated: Time in s
Baseline SBP inflation - mmHg
measured: Time in s
Baseline SBP deflation - mmHg
estimated Time in s
Baseline SBP deflation - mmHg
measured Time in s
SBP inflation - estimated mmHg
Time ins
SBP inflation - measured mmHg
Time ins
SBP deflation - estimated mmHg
Time ins
SBP deflation - measured mmHg
Time ins
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Guide to Authors — International Journal of Obstetric Anaesthesia

Introduction

Types of article Original research (both clinical and laboratory), case series,
reports and correspondence will be considered. To be accepted for
publication, individual case reports need to have important and novel learning
points; a simple narrative of a complex or challenging patient(s) is insufficient.
Case series dealing with important areas of practice with a thorough review of
relevant literature will be considered The journal also publishes invited review
articles and debates on topical and controversial subjects in the area of
obstetric anaesthesia. Reviews are usually commissioned, although authors
may contact the Editor-in-Chief if they wish to discuss potential topics.

Contact details for submission Authors may send queries concerning the
submission process, manuscript status, or journal procedures to the Editorial
Office at: IJOA, Editorial Office, ELSEVIER. E-mail: ijoa@elsevier.com

Before you Begin

Ethics in publishing For information on Ethics in publishing and Ethical
guidelines for journal publication see http://www.elsevier.com/publishingethics
and http://www.elsevier.com/journal-authors/ethics. A paper that contains the
results of human and/or animal studies will only be accepted for publication if
it is made clear that a high standard of ethics was applied in carrying out the
investigation. All clinical investigators must follow the Ethical Principles for
Medical Research Involving Human Subjects outlined in the Declaration of
Helsinki In the case of invasive studies of humans, the text should include a
statement that the research protocol was approved by a local institutional
review board or ethics committee and that written consent was obtained from
all subjects. For case reports subjects must not be identifiable; however, the
patient's written consent to publish should be given (see Patient Details).

Please note that the patient's written consent to publication of the case MUST
be given and included with the submission. Failure to provide written consent

will result in the manuscript being rejected. Where there are difficulties
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obtaining written consent, the Editor-in-Chief should be contacted but
publication will only be considered in exceptional circumstances.

Conflict of interest All authors are requested to disclose any actual or
potential conflict of interest including any financial, personal or other
relationships with other people or organizations within three years of
beginning the submitted work that could inappropriately influence, or be
perceived to influence, their work. See also
http://lwww.elsevier.com/conflictsofinterest.  Further information and an
example of a Conflict of Interest form can be found at:
http://help.elsevier.com/app/answers/detail/a_id/286/p/7923.

Submission declaration and verification Submission of an article implies
that the work described has not been published previously (except in the form
of an abstract or as part of a published lecture or academic thesis or as an
electronic preprint, see http://www.elsevier.com/postingpolicy), that it is not
under consideration for publication elsewhere, that its publication is approved
by all authors and tacitly or explicitly by the responsible authorities where the
work was carried out, and that, if accepted, it will not be published elsewhere
in the same form, in English or in any other language, including electronically
without the written consent of the copyright-holder. To verify originality, your
article may be checked by the originality detection service CrossCheck
http://lwww.elsevier.com/editors/plagdetect.

Changes to authorship This policy concerns the addition, deletion, or
rearrangement of author names in the authorship of accepted
manuscripts: Before the accepted manuscript is published in an online issue:
Requests to add or remove an author, or to rearrange the author names, must
be sent to the Journal Manager from the corresponding author of the
accepted manuscript and must include: (a) the reason the name should be
added or removed, or the author names rearranged and (b) written
confirmation (e-mail, fax, letter) from all authors that they agree with the
addition, removal or rearrangement. In the case of addition or removal of
authors, this includes confirmation from the author being added or removed.
Requests that are not sent by the corresponding author will be forwarded by
the Journal Manager to the corresponding author, who must follow the

procedure as described above. Note that: (1) Journal Managers will inform the
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Journal Editors of any such requests and (2) publication of the accepted
manuscript in an online issue is suspended until authorship has been
agreed. After the accepted manuscript is published in an online issue: Any
requests to add, delete, or rearrange author names in an article published in
an online issue will follow the same policies as noted above and result in a
corrigendum.

Reporting clinical trials Researchers are requested from 1st July 2014 to
pre-register their trials on a public registry at or before the time of first
recruitment. Several web-based public registries are now available including
http:/http://www.clinicaltrials.gov.

Copyright Upon acceptance of an article, authors will be asked to complete
a 'Journal Publishing Agreement' (for more information on this and copyright
see http://www.elsevier.com/copyright). Acceptance of the agreement will
ensure the widest possible dissemination of information. An e-mail will be sent
to the corresponding author confirming receipt of the manuscript together with
a 'Journal Publishing Agreement' form or a link to the online version of this
agreement. Subscribers may reproduce tables of contents or prepare lists of
articles including abstracts for internal circulation within their institutions.
Permission of the Publisher is required for resale or distribution outside the
institution and for all other derivative works, including compilations and
translations (please consult http://www.elsevier.com/permissions). If excerpts
from other copyrighted works are included, the author(s) must obtain written
permission from the copyright owners and credit the source(s) in the article.
Elsevier has preprinted forms for use by authors in these cases: please
consult http://www.elsevier.com/permissions.

Retained author rights As an author you (or your employer or institution)
retain certain rights; for  details you are referred to:
http://lwww.elsevier.com/authorsrights.

Role of the funding source You are requested to identify who provided
financial support for the conduct of the research and/or preparation of the
article and to briefly describe the role of the sponsor(s), if any, in study design;
in the collection, analysis and interpretation of data; in the writing of the report;
and in the decision to submit the article for publication. If the funding source(s)

had no such involvement then this should be stated.
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Funding body agreements and policies Elsevier has established
agreements and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript archiving
requirements as specified as conditions of their grant awards. To learn more
about existing agreements and policies please visit
http://lwww.elsevier.com/fundingbodies.

Open access This journal offers authors a choice in publishing their
research:

Open access ¢ Articles are freely available to both subscribers and the wider
public with permitted reuse e« An open access publication fee is payable by
authors or their research funder Subscription ¢ Articles are made available to
subscribers as well as developing countries and patient groups through our
access programs (http://www.elsevier.com/access) s NO open access
publication fee

All articles published open access will be immediately and permanently free
for everyone to read and download. Permitted reuse is defined by your choice
of one of the following Creative Commons user licenses: Creative Commons
Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for non-
commercial purposes, lets others distribute and copy the article, to create
extracts, abstracts and other revised versions, adaptations or derivative works
of or from an article (such as a translation), to include in a collective work
(such as an anthology), to text and data mine the article, as long as they
credit the author(s), do not represent the author as endorsing their adaptation
of the article, do not modify the article in such a way as to damage the
author's honor or reputation, and license their new adaptations or creations
under identical terms (CC BY-NC-SA). Creative Commons Attribution-
NonCommercial-NoDerivs (CC BY-NC-ND): for non-commercial purposes,
lets others distribute and copy the article, and to include in a collective work
(such as an anthology), as long as they credit the author(s) and provided they
do not alter or modify the article.

Elsevier has  established agreements  with  funding bodies,
http://lwww.elsevier.com/fundingbodies. This ensures authors can comply with
funding body open access requirements, including specific user licenses,

such as CC BY. Some authors may also be reimbursed for associated
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publication fees. If you need to comply with your funding body policy, you can
apply for the CC BY license after your manuscript is accepted for publication.
To provide open access, this journal has a publication fee which needs to be
met by the authors or their research funders for each article published open
access. Your publication choice will have no effect on the peer review
process or acceptance of submitted articles. The open access publication fee
for this journal is $2,500.00, excluding taxes. Learn more about Elsevier's
pricing policy: http://www.elsevier.com/openaccesspricing

Language (usage and editing services) Please write your text in good
English (American or British usage is accepted, but not a mixture of these).
Authors who feel their English language manuscript may require editing to
eliminate possible grammatical or spelling errors and to conform to correct
scientific English may wish to use the English Language Editing service
available from Elsevier's WebShop
(http://webshop.elsevier.com/languageediting/) or visit our customer support
site (http://support.elsevier.com) for more information.

Informed consent and patient details Studies on patients or volunteers
require ethics committee approval and informed consent, which should be
documented in the paper. Appropriate consents, permissions and releases
must be obtained where an author wishes to include case details or other
personal information or images of patients and any other individuals in an
Elsevier publication. Written consents must be retained by the author and
copies of the consents or evidence that such consents have been obtained
must be provided to Elsevier on request. For more information, please review
the Elsevier Policy on the Use of Images or Personal Information of Patients
or other Individuals, http://www.elsevier.com/patient-consent-policy. Unless
you have written permission from the patient (or, where applicable, the next of
kin), the personal details of any patient included in any part of the article and
in any supplementary materials (including all illustrations and videos) must be
removed before submission. You can find an example of a generic patient
consent form here which you may use if you do not have one available from
you own research/clinic.

Submission Our online submission system guides you stepwise through the

process of entering your article details and uploading your files. The system



52

converts your article files to a single PDF file used in the peer-review process.
Editable files (e.g., Word, LaTeX) are required to typeset your article for final
publication. All correspondence, including notification of the Editor's decision
and requests for revision, is sent by e-mail. Submission of an article implies
that the work described has not been published previously (except as an
abstract or part of a published lecture or academic thesis), that it is not under
consideration (in whole or in part) for publication elsewhere, that its
publication is approved by all Authors and tacitly or explicitly by the
responsible authorities where the work was carried out, and that, if accepted,
it will not be published elsewhere in the same form, in English or in any other
language, without the written consent from the International Journal of
Obstetric Anesthesia, the copyright-holder. Please submit your article via

http://ees.elsevier.com/ijoa.

Preparation

Use of word processing software It is important that the file be saved in
the native format of the word processor used. The text should be in single-
column format. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. In
particular, do not use the word processor's options to justify text or to
hyphenate words. However, do use bold face, italics, subscripts, superscripts
etc. When preparing tables, if you are using a table grid, use only one grid for
each individual table and not a grid for each row. If no grid is used, use tabs,
not spaces, to align columns. The electronic text should be prepared in a way
very similar to that of conventional manuscripts (see also the Guide to
Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that
source files of figures, tables and text graphics will be required whether or not
you embed your figures in the text. See also the section on Electronic artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check’
and 'grammar-check’ functions of your word processor. Manuscripts should
have 1.5 line spacing, including tables and references and lines should be
numbered. Pages should be numbered consecutively. Authors are advised to

study recent issues of the International Journal of Obstetric Anesthesia to
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assess the level of detail required for publication. For guidance, original
research articles should not exceed 3000 words, case reports 1500 words,
reviews 5000 words, editorials 1500 words and correspondence 750 words
(excluding references)

Article structure Abstract. This should consist of not more than 250 words
summarising the contents of the article and should contain no references or
abbreviations. Where appropriate use a structured abstract with the headings:
Background, Methods, Results, Conclusions - followed by Key Words.
Headings should be appropriate to the nature of the paper. In general those
for experimental papers should follow the usual conventions. Introduction,
Methods, Results, Discussion etc. do not need to be on separate sheets.
Other papers can be subdivided as the author desires; the use of headings
enhances readability. Do not insert compulsory line breaks within the text.
When reporting randomised trials, authors are advised to refer to
http://www.consort-statement.org. For observational studies authors should
refer to http://www.strobe-statement.org.

Essential title page information e Title. Concise and informative. Titles are
often used in information-retrieval systems. Avoid abbreviations and formulae
where possible. « Author names and affiliations. Where the family name
may be ambiguous (e.g., a double name), please indicate this clearly. Present
the authors' affiliation addresses (where the actual work was done) below the
names. Indicate all affiliations with a lower-case superscript letter immediately
after the author's name and in front of the appropriate address. Provide the
full postal address of each affiliation, including the country name and, if
available, the e-mail address of each author.+ Corresponding author.
Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that phone numbers (with
country and area code) are provided in addition to the e-mail address
and the complete postal address. Contact details must be kept up to
date by the corresponding author. s Present/permanent address. If an
author has moved since the work described in the article was done, or was
visiting at the time, a 'Present address' (or 'Permanent address’) may be
indicated as a footnote to that author's name. The address at which the author

actually did the work must be retained as the main, affiliation address.
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Superscript Arabic numerals are used for such footnotes.

Graphical abstract Although a graphical abstract is optional, its use is
encouraged as it draws more attention to the online article. The graphical
abstract should summarize the contents of the article in a concise, pictorial
form designed to capture the attention of a wide readership. Graphical
abstracts should be submitted as a separate file in the online submission
system. Image size: Please provide an image with a minimum of 531 x 1328
pixels (h x w) or proportionally more. The image should be readable at a size
of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types:
TIFF, EPS, PDF or MS Office files. See
http://lwww.elsevier.com/graphicalabstracts for examples. Authors can make
use of Elsevier's lllustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical
requirements: lllustration Service.

Highlights Highlights are mandatory for this journal. They consist of a short
collection of bullet points that convey the core findings of the article and
should be submitted in a separate editable file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). See
http://lwww.elsevier.com/highlights for examples.

Abbreviations Avoid abbreviations in the title and abstract. All unusual
abbreviations should be fully explained at their first occurrence in the text.
Avoid numerous invented abbreviations. All measurements should be
expressed in metric units, Sl units being preferred except in the case of fluid
pressures. For more detailed recommendations, authors may consult the
Royal Society of Medicine publication: Units, Symbols and Abbreviations: A
Guide for Biological and Medical Editors and Authors. Propriety names and
drugs, instruments etc. if essential, should start with initial capital letters.
Electronic artwork General points « Make sure you use uniform lettering and
sizing of your original artwork. ¢ Embed the used fonts if the application
provides that option. * Aim to use the following fonts in your illustrations:
Arial, Courier, Times New Roman, Symbol, or use fonts that look similar.
Number the illustrations according to their sequence in the text. ¢ Use a

logical naming convention for your artwork files. ¢ Provide captions to
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illustrations separately. ¢ Size the illustrations close to the desired dimensions
of the printed version. ¢ Submit each illustration as a separate file. A detailed
guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions You are urged to visit this
site; some excerpts from the detailed information are given
here. Formats If your electronic artwork is created in a Microsoft Office
application (Word, PowerPoint, Excel) then please supply ‘as is' in the native
document format. Regardless of the application used other than Microsoft
Office, when your electronic artwork is finalized, please 'Save as' or convert
the images to one of the following formats (note the resolution requirements
for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings, embed all used fonts. TIFF (or JPEG): Color
or grayscale photographs (halftones), keep to a minimum of 300 dpi. TIFF (or
JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi. TIFF (or JPEG): Combinations bitmapped line/half-tone
(color or grayscale), keep to a minimum of 500 dpi. Please do not: « Supply
files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these
typically have a low number of pixels and limited set of colors; « Supply files
that are too low in resolution; ¢ Submit graphics that are disproportionately
large for the content.

Color artwork Please make sure that artwork files are in an acceptable
format (TIFF (or JPEG), EPS (or PDF), or MS Office files) and with the correct
resolution. If, together with your accepted article, you submit usable color
figures then Elsevier will ensure, at no additional charge, that these figures
will appear in color on the Web (e.g., ScienceDirect and other sites)
regardless of whether or not these illustrations are reproduced in color in the
printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your
accepted article. Please indicate your preference for color: in print or on the
Web only. For further information on the preparation of electronic artwork,
please see http://www.elsevier.com/artworkinstructions.  Please note:
Because of technical complications that can arise by converting color figures
to 'gray scale' (for the printed version should you not opt for color in print)

please submit in addition usable black and white versions of all the color
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illustrations.

Figure captions Ensure that each illustration has a caption. Supply captions
separately, not attached to the figure. A caption should comprise a brief title
(not on the figure itself) and a description of the illustration. Keep text in the
illustrations themselves to a minimum but explain all symbols and
abbreviations used.

Tables Number tables in the order in which they are cited in the text. Place
footnotes to tables below the table body and indicate them with superscript
lowercase letters. Avoid vertical rules. Ensure that the data presented in
tables are not duplicated in the text.

Citation in text Please ensure that every reference cited in the text is also
present in the reference list (and vice versa). Any references cited in the
abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be
mentioned in the text. If these references are included in the reference list
they should follow the standard reference style of the journal and should
include a substitution of the publication date with either 'Unpublished results’
or 'Personal communication'. Citation of a reference as 'in press' implies that
the item has been accepted for publication.

Reference style The accuracy of references is the responsibility of the
author. References should be entered consecutively by superscript Arabic
numbers in the text after punctuation and not preceded by spaces. The
references should be listed in numerical order. References to journals should
include the author's name and initials (list all authors when six or fewer; when
seven or more, list only the first three and add et al.), full title of the paper,
journal title abbreviated using Index Medicus abbreviations, year of
publication, volume number, first and last page numbers. If not in Index
Medicus journal titles should be given in full.

For example: Scott DB, Tunstall ME. Serious complications associated with
epidural/spinal blockade. Int J Obstet Anesth 1995; 4: 133-9. References to
books should be set out as follows: Eisenach JC. The pain of childbirth and its
effect on the mother and fetus. In: Chestnut DH, ed. Obstetric Anesthesia
Principles and Practice. 3rd ed. Philadelphia: Elsevier Mosby; 2004:3288-301.

Citing and listing of Web references. As a minimum, the title of the website or
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document, the full uniform resource locator (URL) and the accessed date
should be given. Any further information, if known (DOI, author names,
reference to a source publication, etc.), should also be given. Web references
should be included in order of citation, in the reference list. Electronic material
from a web site should be set out as follows: National Institutes of Health. NIH
guidelines on the inclusion of women as subjects in clinical research.
Available at: http:/grants.nih.gov/grants/guide/not94-100.html. Accessed
September 30, 2009.

Journal abbreviations source Journal names should be abbreviated
according to the List of Title Word Abbreviations:
http://lwww.issn.org/services/online-services/access-to-the-ltwal.

AudioSlides The journal encourages authors to create an AudioSlides
presentation with their published article. AudioSlides are brief, webinar-style
presentations that are shown next to the online article on ScienceDirect. This
gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and
examples are available at http://www.elsevier.com/audioslides. Authors of this
journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Supplementary data Elsevier accepts electronic supplementary material to
support and enhance your scientific research. Supplementary files offer the
author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more.
Supplementary files supplied will be published online alongside the electronic
version of your article in Elsevier Web products, including ScienceDirect:
http://lwww.sciencedirect.com. In order to ensure that your submitted material
is directly usable, please provide the data in one of our recommended file
formats. Authors should submit the material in electronic format together with
the article and supply a concise and descriptive caption for each file. For more
detailed instructions please visit our artwork instruction pages at
http://lwww.elsevier.com/artworkinstructions.

Submission checklist The following list will be useful during the final
checking of an article prior to sending it to the journal for review. Please

consult this Guide for Authors for further details of any item. Ensure that the
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following items are present: One author has been designated as the
corresponding author with contact details: « E-mail address <« Full postal
address ¢ Phone numbers All necessary files have been uploaded, and
contain: « Keywords <« All figure captions <« All tables (including title,
description, footnotes) Further considerations ¢ Manuscript has been 'spell-
checked' and 'grammar-checked’ ¢ References are in the correct format for
this journal < All references mentioned in the Reference list are cited in the
text, and vice versa ¢ Permission has been obtained for use of copyrighted
material from other sources (including the Web) < Color figures are clearly
marked as being intended for color reproduction on the Web (free of charge)
and in print, or to be reproduced in color on the Web (free of charge) and in
black-and-white in print  If only color on the Web is required, black-and-white
versions of the figures are also supplied for printing purposes For any further
information please visit our customer support site at

http://support.elsevier.com.

After Acceptance

Use of the Digital Object Identifier The Digital Object Identifier (DOI) may
be used to cite and link to electronic documents. The DOI consists of a unique
alpha-numeric character string which is assigned to a document by the
publisher upon the initial electronic publication. The assigned DOI never
changes. Therefore, it is an ideal medium for citing a document, particularly
‘Articles in press' because they have not yet received their full bibliographic
information. Example of a correctly given DOI (in URL format; here an article
in the journal Physics Letters B):
http://dx.doi.org/10.1016/].physletb.2010.09.059 When you use a DOI to
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