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Abstract

Background: Data on UK obstetric anaesthetic practice between 2009 and 2014 were collected by the Obstetric Anaes-
thetists’ Association’s National Obstetric Anaesthetic Database. This database provides information on workload, vari-
ation in practice, and complication rates.

Methods: During 2009—14, data were submitted by 190 UK hospitals. The number of hospitals that submitted data each
year ranged between 114 and 145. During this 6 yr period, between 27 and 35 data items were requested, although not all
hospitals submitted information on all data items. The dataset was assessed for quality and only those data items with
acceptable quality were analysed.

Results: The dataset contains information on 3 030 493 deliveries, 770 545 Caesarean sections, 623 050 women with la-
bour neuraxial analgesia, and 61 121 general anaesthetics for Caesarean section. There was increased use of patient-
controlled regimens for labour neuraxial analgesia over the 6 yr period. The mean rate of general anaesthesia used for
Caesarean section was 8.75% (95% confidence interval, 8.26—9.24%). The rate of failed intubation for general anaesthesia
for Caesarean section was one in 379. Inadvertent dural puncture rates varied between hospitals with a mean of 1.2%
(95% confidence interval, 1.02—1.37%). The rate of a high neuraxial block causing unconsciousness was one in 6667 for all
blocks.

Conclusions: This unique large dataset provides a valuable insight of obstetric anaesthetic activity in the UK. Although
missing data may place limitations on interpretation, it provides comparative estimates for the rates of rare complica-
tions and highlights variations in practice in time and place.

Keywords: anaesthesia complications; Caesarean section; epidural analgesia; healthcare benchmarking; obstetric
anaesthesia; quality improvement; workload

general anaesthesia, with a failed intubation rate of one

Editor’s key points in 379.

e The Obstetric Anaesthetists’ Association’s National e Almost 21% of women had neuraxial labour analgesia,
Obstetric Anaesthetic Database is a valuable resource, with patient-controlled epidural analgesia becoming
providing information on peripartum anaesthesia and more popular over time.
analgesia from the entire National Health Service. e There were very few serious complications of neuraxial

e Over the period covered, approximately 25% of women analgesia, including loss of consciousness, permanent
had Caesarian sections, of which 8.75% were with neurological injury, and cardiac arrest.
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In the UK there are more than 700 000 deliveries annually in
NHS hospitals, of which anaesthetists are involved in more
than 60% of cases.’ Despite this, there is a paucity of data
about anaesthesia interventions for labour and Caesarean
section (CS) and subsequent outcomes. Where data are
available, concerns exist about their validity; the 5th UK Na-
tional Audit Project reported figures for two incidences of
accidental awareness during obstetric general anaesthesia
(GA) because of concerns about accuracy of the denominator
data.’

In 1999, the Obstetric Anaesthetists’ Association (OAA)
initiated a national UK survey primarily to gather information
on postpartum headaches. Over the following years, the sur-
vey evolved to become the National Obstetric Anaesthetic
Database (NOAD) that included a variety of questions about
obstetric anaesthetic workload and practice. The dataset
expanded from 16 items in 2004 to 35 items in 2014. Between
2009 and 2014, the dataset was consistent allowing detailed
comparative analysis. Data collection for 2015 was suspended
in 2016 to allow appraisal of the utility of the NOAD process
and a re-evaluation of how data collection could best assist
with quality improvement in obstetric anaesthesia.

We present an analysis of this valuable and unique UK
national dataset of obstetric anaesthesia activity between 2009
and 2014 on the provision of obstetric analgesia and anaes-
thesia and complication rates so to better understand practice
and outcomes.

Methods

National Obstetric Anaesthetic Database data
collection

Data were sought from all UK lead obstetric anaesthetists
known to the OAA Secretariat. Between 2009 and 2014, an
online process was established for data collection. If no data
were received, reminder e-mails were sent. No patient iden-
tifiable data were collected.

The dataset was divided into four categories:

1 General demographic and obstetric data
2 Mode of labour analgesia

3 Mode of anaesthesia for CS

4 Complications and ICU admissions

Data quality

External health data analysts undertook an independent
quality review and analysis of the dataset. The quality of each
data item was flagged as ‘good’ (some quality issues, but
generally data were complete and consistent), ‘some con-
cerns’ (some gaps, inconsistencies in data, or both), or ‘poor’
(significant gaps, inconsistencies in data, or both)
(Supplementary Table S1). Fields for which data were rated
either ‘good’ or ‘some concerns’ were submitted to further
analysis.

Missing data

A mean substitution single imputation strategy with means
averaged for the 6 yr of the survey was used for data field
analysis except rare events. This strategy was compared with
a multiple imputation strategy (Bayesian model, Markov chain
Monte Carlo algorithm; Blimp version 2.2.2). The means and
95% confidence intervals (CIs) were near identical between the
two methods. Accepting its limitations, our chosen strategy
was preferred because of multiple imputation generating
implausible data values in a small number of cases producing
anomalous hospital comparisons. Analysis of maternity data
in hospitals with either high or low frequency of participation
showed that maternity activity during the 6 yr of the survey
was consistent which supported an averaging strategy.

For rare events, all those reported over the 6 yr period were
totalled and divided by the relevant totalled denominator to
calculate the rates.

Data analysis

Microsoft Excel for Mac (Microsoft Corp., Redmond, WA, USA)
and StatPlus for Mac (AnalystSoft Inc., Walnut, CA, USA) were
used for data analysis. CIs were calculated using the Public
Health England tool.> CIs for rare events were derived with
binomial probability tests using the ‘statconf programme’ in
Handbook of Biological Statistics (2014)* as previously used in the
Royal College of Anaesthetists’ National Audit Projects.”®
Funnel plots were generated using a Microsoft Excel (Micro-
soft Corporation, Redmond, WA, USA) macro calculator
created by Public Health England.” CIs are 95%.

Table 1 Participation by year of National Obstetric Anaesthetic Database (NOAD) survey and by hospital size and location.

2009 2010 2011 2012 2013 2014
No. of hospitals (2009—14, n=190), n (%) 131 (69) 113 (59) 144 (76) 140 (74) 138 (73) 122 (64)
Hospital size (2009—14) 2009—14 within same size category (%)
Small (n=29) 66 59 79 79 69 55
Medium (n=76) 72 62 72 70 70 59
Large (n=66) 64 58 80 79 80 71
Very large (n=18) 83 61 72 67 67 78
NHS region 2009—14 within same region (%)
London (n=24) 63 46 71 63 67 46
Midlands and East (n=42) 79 67 76 83 81 67
North (n=49) 76 56 70 70 66 62
South (n=36) 73 62 78 70 62 68
Scotland (n=17) 53 65 100 88 88 71
Wales (n=13) 85 69 77 92 100 85
Northern Ireland (n=7) 71 71 86 57 71 57
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Fig. 1. Number of hospitals providing data for each dataset item for at least 1 yr between 2009 and 2014. Striped columns represent dataset
items with ‘Poor’ quality rating (see Supplementary Table S1 for dataset item description).

For sub-analysis, participating hospitals were divided by
number of deliveries each year: small (<2000), medium
(2000—3999), large (4000—5999), and very large (>6000). Hospi-
tals were also categorised by country and region.

There is no publicly accessible single maternity dataset for
the entire UK. However, the National Maternity and Perinatal
Audit (NMPA) has published maternity data for England,
Scotland, and Wales for a year in 2016—17 and some maternity
statistics from UK regions for 2009—20 are publicly available
which can be used as a comparator for the NOAD dataset. 6717

Results
Number of hospitals participating and their frequency

Over the 6 yr of the NOAD survey, 190 UK consultant-led ma-
ternity units with obstetric anaesthetic services submitted
data. Of these, 79% were in England, 9% in Scotland, 7% in
Wales, 4% in Northern Ireland with the remaining 1% repre-
senting hospitals from the Isle of Man and Channel Islands.
From 2009 to 2014, 58 hospitals submitted data every year,
whereas 21 hospitals submitted data for only 1 of the 6 yr
(Supplementary Table S2). The remaining hospitals submitted
data for a variable number of years.

A higher proportion of hospitals in Wales and Scotland
participated compared with England. Within NHS regions in
England the highest participation was in the Midlands and
East with hospitals in London providing the lowest average
participation (Table 1). There were no participation differences
when hospitals were compared by size (number of deliveries).
Not all participating hospitals submitted data for all dataset
items (Fig 1). The submission rate for each data item was used
as a quality indicator for that item.

Comparing NOAD and NHS maternity data

Between 2009 and 2014, data were submitted on 3 030 493
deliveries. Of these, 770 545 were by CS, of which 61 121 were
under GA. There were 623 050 women reported to have
received neuraxial analgesia for labour. Estimates derived
from national maternity data suggest that the annual NOAD
dataset returns captured approximately 70% of all deliveries
and CS in the UK each year.

Comparing workload activity with time

The annual variation of activity for those hospitals that
returned data every year for each of these dataset items was
analysed by a one-way analysis of variance. For number of
deliveries (Fs340=0.13; P=0.99), number of CS (Fs330=0.28;
P=0.92), number of women who received labour neuraxial
analgesia (Fs312=0.21; P=0.96), number of GA (Fs318=0.82;
P=0.53), and inadvertent dural punctures (Fs 728=1.41; P=0.22),
there were no significant differences in annual numbers,
which implied consistent hospital maternity activity between
2009 and 2014. The same analysis was also undertaken for
those hospitals that only submitted data for 2 or 3 yr with no
significant differences found.

The average annual number of deliveries (721 316) and CS
(182 601) calculated from all the 2009—14 NOAD dataset is
estimated to correspond to 95% of annual averaged UK totals
derived from national reports over the same period (Table 2).
The average annual number of women who had labour neu-
raxial analgesia in the UK using NOAD data was 150 993, rep-
resenting 21% of all deliveries reported by participating
hospitals.
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Table 2 Totals of hospital annual averages of reported data to
National Obstetric Anaesthetic Database (NOAD) (2009—14) by
all respondent hospitals. N, number of hospitals that provided
data for any year.

Dataset item Total annual average

(2009-14)

Deliveries

Caesarean sections (CS)
under general anaesthesia 14 952 (N=186)
with single-short spinal 112 282 (N=185)
under de novo combined spinal 14 482 (N=180)
epidural
under topped-up labour
epidural
under de novo epidural

Women with labour epidural
analgesia

721 316 (N=189)
182 601 (N=188)

34 547 (N=181)

1660 (N=176)
150 993 (N=188)

Mode of labour analgesia

All 190 participating hospitals submitted data for at least 1 yr
on the number of women who received labour neuraxial
analgesia. Of these, 96% submitted data on details of the
method of maintaining neuraxial analgesia. Maintenance
regimens categorised by the NOAD survey were continuous
infusion, midwife intermittent boluses (MIB), patient-
controlled epidural with background infusion (PCEA+BI), and
patient-controlled epidural without background infusion
(PCEA—BI).

Although some hospitals provided a mixture of neuraxial
labour analgesia maintenance regimens, 93% of respondent
hospitals used one particular regimen for >90% of women. For
those hospitals that used one particular epidural maintenance
regimen (i.e. in >90% of women in that hospital who had
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neuraxial labour analgesia), analysis shows that between 2009
and 2014 there was a move away from continuous infusion
and MIB towards using PCEA with or without background
continuous infusions (Fig 2). A sub-analysis of 50 hospitals that
submitted maintenance regime data for all 6 yr confirmed this
trend, the percentage of hospitals using either continuous
infusion or MIB decreasing from 72% (2009) to 46% (2014) and
those using PCEA regimes increasing from 24% to 46%.

Between 2011 and 2014, the NOAD survey had requested
data on the use of intravenous patient-controlled analgesia
(IV-PCA) but not specifically on remifentanil use. Data on IV-
PCA use was provided by 158 hospitals. For these hospitals,
the average percentage of deliveries that used IV-PCA was
0.6% (95% CI, 0.2—1.0%).

Only six of 158 respondent hospitals provided IV-PCA to
>5% of deliveries; this limit arbitrarily was chosen to identify
those hospitals that may have used IV-PCA regularly for labour
analgesia rather than occasionally (e.g. when neuraxial anal-
gesia is contraindicated). For these six hospitals, IV-PCA was
used for a mean 11.2% deliveries (range, 5.9—28.4%). The NOAD
dataset does not provide data on the number of the women
who laboured; the actual percentage of women who received
IV-PCA for labour analgesia would be higher if non-labouring
women were excluded from the deliveries’ denominator.

Between 2011 and 2014, the NOAD dataset collected data
(given by 41 hospitals) on the number of women who received
labour analgesia via a spinal catheter. In these hospitals, a
spinal catheter used for labour analgesia represented 0.08% of
deliveries (95% CI, 0.05—0.12) and 0.39% (95% CI, 0.23—0.55) of
women who received neuraxial analgesia in labour.

Mode of anaesthesia for Caesarean section

For those 185 hospitals that provided data, ‘single-shot’ spinal
(SSS) anaesthesia was the predominant technique. In 156
hospitals it was used for >50% of women who had a CS. In

2012 2013

PCEA-BI

2014

Fig. 2. Percentage of hospitals that used a particular epidural analgesia maintenance regime for >90% of their women who had LEA in each
survey year. CI, continuous infusion; LEA, labour epidural analgesia; MIB, midwife intermittent bolusing; PCEA+BI, patient-controlled
epidural analgesia with background infusion; PCEA—BI, patient-controlled epidural analgesia without background infusion.
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Fig. 3. Annual average percentage of women for each respondent hospital who have general anaesthesia for Caesarean section. sp,

standard deviation.

comparison, there were only five hospitals in which de novo
combined spinal—epidural (CSE) anaesthesia was used for
>50% women who had CS. There was no difference in the rates
of GA for CS between hospitals in which SSS anaesthesia was
predominant compared with those hospitals for which CSE
anaesthesia predominated (9.1% [95% CI, 8.6—9.6%] vs 9.4%
[95% CI, 3.1—15.7%)], test statistic=0.12, df=4, P=0.91), but the
CIs are wide for the CSE group because of the small number of
hospitals represented.

Data on the use of GA was provided by 184 hospitals. The
mean overall rate of CS under GA over the 6 yr was 8.75% (95%
CI, 8.26—9.24%), but there was notable variation between
hospitals (Fig 3).

Complications and ICU admissions

Data were provided by 170 hospitals on 2684 women admitted
for level 3 intensive care (Intensive Care Society definition
‘advanced respiratory support alone, or basic respiratory
support together with support of at least two organ sys-
tems’®). The mean rate of admission to ICU per 1000 deliveries
was 1.08 (95% CI, 0.96—1.20). There were regional variations in
the number of reported admissions. The highest rate of ad-
missions per 1000 deliveries was in London (1.62; 95% CI,
1.10—2.13), whereas the lowest was the North of England (0.78;
95% CI, 0.62—0.93).

Data on the rate of inadvertent dural punctures were pro-
vided by 177 hospitals. The mean annual rate of inadvertent
dural puncture with an epidural needle was 1.2% (95% CI,
1.02—1.37); the hospital variation is shown in the funnel plot in
Supplemental Figure S1.

Data on rare complications are shown in Table 3. The rate
of failed intubation for GA was one in 379 (95% CI, 1/324—1/446)

whereas the reported rate of ‘cannot intubate, cannot venti-
late’ (CICV) for GA was one in 4072 (95% CI, 1/239—-1/7143).

The rate of a high block resulting in unconsciousness was
one in 6667 (95% CI, 1/5583—1/7692) in women who received
neuraxial anaesthesia or analgesia. The rate of cardiac arrest
or convulsions as a result of local anaesthetic toxicity was one
in 56 330 women if the denominator was those women who
received labour epidural analgesia and one in 61 853 women if
the denominator was women who received epidural anal-
gesia, anaesthesia, or both.

The rate of permanent nerve injury after neuraxial anal-
gesia, anaesthesia, or both was one in 20 000 (95% CI, 1/14
286—1/33 333). Data provided for rare complications associated
with neuraxial techniques did not provide information on the
technique used.

Discussion
Quality of data and participation

The NOAD dataset is a unique source of information on UK
obstetric anaesthetic practice which will be useful for anaes-
thetists both in the UK and those practising in other countries.
Owing to maternity care reconfiguration between 2009 and
2014, it is uncertain what percentage of UK consultant-led
maternity units returned data for at least 1 yr of the survey.
Using a variety of sources,**?° we have estimated that the 190
participating hospitals represented at least 90% of UK units
that provided labour neuraxial analgesia.

Missing data have been compensated for in parts by our
chosen imputation strategy but may have implications for
how incidences, particularly for rare events, are interpreted.

Our analysis indicates that each hospital’s maternity ac-
tivity did not change significantly from year to year over the



Obstetric anaesthetic practice: NOAD data | 585

Table 3 Rare complications reported to NOAD as a rate of number of women for a particular type of anaesthesia or analgesia. CS,
Caesarean sections; NOAD, National Obstetric Anaesthetic Database.

Complication

NOAD data 2009
-14

Complication rate per 100 000 women who had regional anaesthesia or analgesia

High block resulting in loss of consciousness

15 (95% CI, 13—17)

Local anaesthetic toxicity: Number of women who cardiac arrest or convulsions with regional anaesthesia/ 2 (95% CI, 0—3.0)

analgesia

Number of women who had permanent nerve damage after regional anaesthesia or analgesia

5 (95% CI, 3—7)

Complication rate per 100 000 women who had general anaesthesia for CS

Failed intubation

‘Cannot intubate, cannot ventilate’

264 (95% CI, 224
—308)
25 (95% CI, 14—41)

duration of the survey period. Calculated annual estimates of
activity are in concordance with annual published maternity
statistics and data from other sources.™® '/ The annual
number of obstetric neuraxial blocks calculated from the
NOAD dataset (279 416) was compared with the number esti-
mated by extrapolation in the Third National Audit Project
(NAP3)° (320 425). The difference between numbers in NOAD
and NAP3 may reflect different calculation methods but also
NOAD only collected data on CS neuraxial blocks.

The NOAD dataset has demonstrated variation in practice.
Whether this variation is a result of differences in data
reporting or whether it represents a true variation in practice
requires investigation.

Labour analgesia

The NOAD survey demonstrated the increasing popularity of
PCEA. Its use doubled over the 6 yr of the survey, and by 2014 it
was the technique used by the majority of women in 50% of
respondent hospitals. The recent introduction of technology
that allows programmed mandatory bolusing may facilitate a
further change in practice.

Data collected on IV-PCA were not specifically about the
use of remifentanil. Although morphine and fentanyl IV-PCA
might have been used in some labours, particularly in those
involving termination of pregnancy or management of intra-
uterine death, it is likely that the majority of women received
the short-acting opioid remifentanil. Only 4% of units reported
that intravenous labour analgesia was used in >5% of de-
liveries. The recent publication of results from the RESPITE
(remifentanil patient-controlled analgesia vs intramuscular
pethidine for pain relief in labour) study’! may encourage the
uptake of remifentanil IV-PCA as an option for labour
analgesia.

Anaesthesia for Caeserean section

Spinal anaesthesia continues to be the most popular tech-
nique for CS, although in some units CSE is preferred. This
may reflect a different case mix in which more complicated
and time consuming surgery is more commonly performed.
Alternatively, it may simply be a matter of personal prefer-
ence. Rates of GA ranged from <2% to >20% with a mean of
8.75%. This variation may again result from the case mix and
the influence of senior anaesthetic staff.

Complications and ICU admissions

There was a mean rate of 1.08 per 1000 deliveries that required
level 3 ICU admission. This is less than that reported by the
NMPA, 2.24 admissions per 1000 women in pregnancy, during
childbirth and up to 6 weeks postpartum.?” The NMPA used
data linkage between the Intensive Care National Audit and
Research Centre Case Mix Programme, Scottish Intensive Care
Society Audit Group audit dataset, and national maternity
information datasets which may achieve greater precision and
capture of data compared with NOAD data. Another important
factor is case definition. NOAD requested data on those
women who required level 3 care, whereas the NMPA data
included all admissions to ICU which may have included
women requiring level 2 care (‘detailed observation or inter-
vention including support for a single failing organ system or
post operative care’'®). Finally, the denominator used for the
NOAD rate was the number of deliveries rather than the
number of women, and NOAD data may have missed ante-
natal and late postpartum admissions.

The rate of failed intubation for GA (one in 379) is less than
that reported in a UK Obstetric Surveillance System (UKOSS)
study between 2008 and 2010, which calculated the rate to be
one in 224.? NOAD had reports of 161 failed intubations over 6
yr, an average of 27 cases per year, close to that reported to
UKOSS with 28.5 cases per year. The strength of the UKOSS
study is its methodology of case ascertainment. Its weakness,
however, was estimating the total number of all UK obstetric
GA by a mathematical formula to extrapolate index cases to
calculate a number of 6400 per year. Maternity Data 2009—10
for England reported that the number of GA given for CS was
7531 (4.8% of CS).2 If the NOAD annual number of GA in UK for
CS (14 952) was used in UKOSS calculations, the two rates
would be similar.

The rate for failed intubation is more common than that in
a large dataset of American practice (one in 533 for 5332 ob-
stetric GA) and the rate of one in 443 calculated in a literature
review of 27 publications reporting on 88 000 obstetric GA.>*?°
This review included studies with divergent rates of failed
intubation (one/270 and zero/2802) for similar numbers of
obstetric GA (=2000).2%%? The reasons for these differences are
unclear but may include experience of the anaesthetist and
the number of GA given, but also case definition and ascer-
tainment. Obstetric GA is performed infrequently. Strategies
including structured training and the use of video-
laryngoscopy may be crucial for safety. A national survey in
2011 reported that only 42% of obstetric units had a
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videolaryngoscope available.?® Future studies may identify
whether the introduction and widespread use of video-
laryngoscopy has had an impact on the failed intubation rate
in obstetrics.

NAP3® provided limited data on the risks of neurological
complications associated with neuraxial techniques in ob-
stetrics; there were two confirmed reports of major nerve
injury associated with neuraxial anaesthesia with a denomi-
nator estimated to be 320 425, giving a rate of 0.3 cases per 100
000 blocks. In contrast, there were 28 cases of permanent
nerve injury reported to NOAD for the 3 yr that these data were
collected, a rate of five per 100 000. The NOAD survey did not
distinguish the severity of injury and only asked whether the
injury was ‘permanent’. It is possible the 10-fold discrepancy
between these two figures is attributable to inaccurate
reporting of cases to NOAD or that more minor cases of per-
manent injury were included in NOAD reports. Nevertheless
this information may further aid the discussion and process of
seeking consent before a neuraxial procedure.

Cardiac arrest in obstetrics was assessed in a 3 yr UKOSS
study in which there were 13 cardiac arrests associated with
neuraxial anaesthesia.?® This gives a rate of 1.54 per 100 000
neuraxial blocks if the NOAD annual average number neu-
raxial blocks (279 417) is used as the denominator. The inci-
dence of cardiac arrest, convulsions, or both attributed to local
anaesthetic toxicity calculated from NOAD data is two per 100
000 neuraxial blocks.

For rare events, our data can only provide an estimate of
cases because of risks of reporter bias and missed cases.

Limitations

This was a large-scale data collection over 6 yr, collating data
returns from lead obstetric anaesthetists in UK maternity
hospitals. Inevitably, the data collection is incomplete. Data
items with significant proportion of missing data have been
excluded from the analysis. Where possible the findings have
been compared with those from other sources with favourable
results. However, the limitations as a result of missing data
need to be taken into account when appraising the results of
this analysis.

Conclusions

This work provides the most comprehensive analysis of UK
data for obstetric anaesthesia to date. It also demonstrates
that further studies and data collection need to focus on
examining variation of practice. Lessons derived from the
experience of NOAD include the importance of clear case
definition and the challenges faced by local reporters to access
data about their obstetric anaesthetic services which has been
highlighted elsewhere.’® The OAA is now examining options
for future data collection for key quality indicators to help
drive a national quality improvement agenda in obstetric
anaesthesia and for benchmarking.*!
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