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SCIENTIFIC SUMMARY: BIRTH OUTCOMES IN WOMEN UNDERGOING SURGERY

Scientific summary

Background

This study began as a result of questions posed by pregnant women who were scheduled to have cancer
surgery during their pregnancy. Women wanted to know the risks of surgery to pregnancy, including

the risks of a spontaneous abortion, stilloirth and premature delivery. However, there is limited available
evidence quantifying these risks. Furthermore, of the evidence that is available, none relates directly to NHS
outcomes and there are no current NHS guidelines regarding non-obstetric surgery in pregnant women.

Objectives
Our main objectives were to:

1. carry out a descriptive analysis of the data, describing counts of each adverse outcome by year,
maternal age, procedure type, socioeconomic status and trimester of pregnancy

2. estimate the risk of each adverse outcome in women who have had surgery and compare this with the
risks in those women who have not had surgery

3. estimate the risk associated with common procedure groups.

Methods

Hospital Episode Statistics (HES) is an administrative database that includes records of all patient admissions
and day cases in all English NHS hospital trusts. We analysed HES maternity data collected between
2002-3 and 2011-12, and identified women who underwent non-obstetric surgery while pregnant.

The study outcomes were based on mothers’ records (spontaneous abortion, preterm delivery, caesarean
delivery, maternal death and long inpatient stays) and infants’ records (stillbirth and low birthweight).

We used the adjusted odds ratio obtained directly from the logistic regression model to estimate the
relative risk (RR) of each adverse birth outcome in pregnancies in which non-obstetric surgery was carried
out compared with pregnancies with no record of surgery.

We used the logistic regression model to estimate marginal probabilities of each outcome of interest.

This allowed us to compare outcomes between two populations whose only difference was in the
exposure, permitting us to estimate adjusted RR, attributable risk and the number of operations associated
with one additional adverse birth outcome [number needed to harm (NNH)]. Confidence intervals (Cls) for
each measure of effect were estimated using the non-parametric bootstrap method. The end points of
95% Cls were defined as the 2.5th and 97.5th percentiles measured across the bootstrap samples.

Results

A total of 6,486,280 pregnancies were identified in the period April 2002 to March 2012. Spontaneous
abortions accounted for 5.8% of all pregnancies. The number of maternal deaths following spontaneous
abortion or delivery was very small and corresponded to a rate of 4 per 100,000 pregnancies. Among our
cohort, 7.5% of deliveries ended in preterm birth and 23.9% ended in elective or emergency caesarean
section. We identified 47,628 (0.7%) women who had non-obstetric surgery during their pregnancy.

The most common surgical group was abdominal (26.2%), followed by dental (11.3%), nail and skin
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(10.0%), musculoskeletal (9.6%), and ear, nose and throat (ENT) (6.4%). There were 3062 cases of
appendectomy and 1306 cases of cholecystectomy.

After adjusting for potential confounders, we found that pregnant women who underwent non-obstetric
surgery had a higher risk of adverse birth outcomes than those women who did not have surgery. The RR
for spontaneous abortion was 1.13 (95% Cl 1.09 to 1.17); for preterm delivery was 1.43 (95% Cl 1.39 to
1.47); for maternal death was 4.72 (95% Cl 2.61 to 8.52); for caesarean section was 1.21 (95% Cl 1.19
to 1.23); for long inpatient stay was 1.22 (95% CI 1.19 to 1.25); for stillbirth was 1.64 (95% Cl 1.50 to
1.81); and for low birthweight was 1.49 (95% Cl 1.44 to 1.54). For NNHs, we estimated that, for every
143 pregnancies in which a surgical procedure was carried out, there was one associated additional
spontaneous abortion; for every 287 procedures there was one associated additional stillbirth; for every
31 procedures there was one associated additional preterm delivery; for every 25 procedures there was
one associated additional caesarean section; for every 50 procedures there was one associated additional
long inpatient stay; for every 39 procedures there was one associated additional low-birthweight baby; and
for every 7692 procedures there was one associated additional maternal death.

The additional risk of having an adverse birth outcome associated with abdominal surgery was higher
than for women who did not have surgery during their pregnancy. Abdominal surgery during pregnancy
was associated with an increase in the risk of spontaneous abortion and caesarean delivery of

5.0 percentage points.

We found that musculoskeletal, ENT, breast or dental procedures during pregnancy were associated with
higher risks of some adverse birth outcomes.

Limitations

We have no means of disentangling the effect of the surgery from the effect of the underlying condition
itself. Many spontaneous abortions will not be associated with a hospital admission and, therefore, will not
be included in our analysis. A spontaneous abortion may be more likely to be reported if it occurs during
the same hospital admission as the procedure, and this could account for the increased risk associated
with surgery during pregnancy. Key data items that are necessary to determine parity, gestational age,
birthweight and stillbirth are missing.

Conclusions

This is the first study to report the risk of adverse birth outcomes following non-obstetric surgery during
pregnancy across NHS hospitals in England. We have no means of disentangling the effect of the surgery
from the effect of the underlying condition itself. We found that non-obstetric surgery during pregnancy
was associated with a significantly higher risk of all the outcomes we looked at, although, because of
data completeness issues and the potential for ascertainment bias, we have some reservations over the
findings associated with spontaneous abortion. The overall attributable risk of an adverse birth outcome in
women who underwent surgery during pregnancy compared with women who did not was generally low.

Our observational study can never attribute a causal relationship between surgery and adverse birth
outcomes. However, we believe that our findings and, in particular, the NNHs improve on previous
research, utilise a more recent and larger data set based on UK practice and are useful reference points for
any discussion of risk with prospective patients.
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Future work

Further research is needed to evaluate the impact of non-obstetric surgery on the baby (e.g. neonatal
intensive care unit admission, prolonged length of neonatal stay, neonatal death) and could be assessed by
linking the maternal and baby records within the HES database. The use of large clinical databases, such as
EuroKing Maternity systems (www.euroking.com/), linked to the HES database could be usefully exploited
for this purpose.

Funding

Funding for this study was provided by the Health Services and Delivery Research programme of the
National Institute for Health Research.

NIHR Journals Library www. journalslibrary.nihr.ac.uk



Health Services and Delivery Research

ISSN 2050-4349 (Print)

ISSN 2050-4357 (Online)

This journal is a member of and subscribes to the principles of the Committee on Publication Ethics (COPE) (www.publicationethics.org/).
Editorial contact: nihredit@southampton.ac.uk

The full HS&DR archive is freely available to view online at www.journalslibrary.nihr.ac.uk/hsdr. Print-on-demand copies can be purchased from
the report pages of the NIHR Journals Library website: www. journalslibrary.nihr.ac.uk

Criteria for inclusion in the Health Services and Delivery Research journal

Reports are published in Health Services and Delivery Research (HS&DR) if (1) they have resulted from work for the HS&DR programme
or programmes which preceded the HS&DR programme, and (2) they are of a sufficiently high scientific quality as assessed by the
reviewers and editors.

HS&DR programme

The Health Services and Delivery Research (HS&DR) programme, part of the National Institute for Health Research (NIHR), was established to
fund a broad range of research. It combines the strengths and contributions of two previous NIHR research programmes: the Health Services
Research (HSR) programme and the Service Delivery and Organisation (SDO) programme, which were merged in January 2012.

The HS&DR programme aims to produce rigorous and relevant evidence on the quality, access and organisation of health services including
costs and outcomes, as well as research on implementation. The programme will enhance the strategic focus on research that matters to the
NHS and is keen to support ambitious evaluative research to improve health services.

For more information about the HS&DR programme please visit the website: http://www.nets.nihr.ac.uk/programmes/hsdr

This report

The research reported in this issue of the journal was funded by the HS&DR programme or one of its preceding programmes as project
number 12/209/59. The contractual start date was in April 2014. The final report began editorial review in April 2015 and was accepted for
publication in January 2016. The authors have been wholly responsible for all data collection, analysis and interpretation, and for writing up
their work. The HS&DR editors and production house have tried to ensure the accuracy of the authors’ report and would like to thank the
reviewers for their constructive comments on the final report document. However, they do not accept liability for damages or losses arising
from material published in this report.

This report presents independent research funded by the National Institute for Health Research (NIHR). The views and opinions expressed by
authors in this publication are those of the authors and do not necessarily reflect those of the NHS, the NIHR, NETSCC, the HS&DR
programme or the Department of Health. If there are verbatim quotations included in this publication the views and opinions expressed by the
interviewees are those of the interviewees and do not necessarily reflect those of the authors, those of the NHS, the NIHR, NETSCC, the
HS&DR programme or the Department of Health.

© Queen'’s Printer and Controller of HMSO 2016. This work was produced by Aylin et al. under the terms of a commissioning
contract issued by the Secretary of State for Health. This issue may be freely reproduced for the purposes of private research and
study and extracts (or indeed, the full report) may be included in professional journals provided that suitable acknowledgement
is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre,
Alpha House, University of Southampton Science Park, Southampton SO16 7NS, UK.

Published by the NIHR Journals Library (www.journalslibrary.nihr.ac.uk), produced by Prepress Projects Ltd, Perth, Scotland
(www.prepress-projects.co.uk).



Health Services and Delivery Research Editor-in-Chief

Professor Jo Rycroft-Malone Professor of Health Services and Implementation Research, Bangor University, UK

NIHR Journals Library Editor-in-Chief

Professor Tom Walley Director, NIHR Evaluation, Trials and Studies and Director of the EME Programme, UK

NIHR Journals Library Editors

Professor Ken Stein Chair of HTA Editorial Board and Professor of Public Health, University of Exeter Medical
School, UK

Professor Andree Le May Chair of NIHR Journals Library Editorial Group (EME, HS&DR, PGfAR, PHR journals)
Dr Martin Ashton-Key Consultant in Public Health Medicine/Consultant Advisor, NETSCC, UK

Professor Matthias Beck Chair in Public Sector Management and Subject Leader (Management Group),
Queen’s University Management School, Queen’s University Belfast, UK

Professor Aileen Clarke Professor of Public Health and Health Services Research, Warwick Medical School,
University of Warwick, UK

Dr Tessa Crilly Director, Crystal Blue Consulting Ltd, UK

Dr Eugenia Cronin Senior Scientific Advisor, Wessex Institute, UK
Ms Tara Lamont Scientific Advisor, NETSCC, UK

Professor William McGuire Professor of Child Health, Hull York Medical School, University of York, UK

Professor Geoffrey Meads Professor of Health Sciences Research, Health and Wellbeing Research and
Development Group, University of Winchester, UK

Professor John Norrie Health Services Research Unit, University of Aberdeen, UK
Professor John Powell Consultant Clinical Adviser, National Institute for Health and Care Excellence (NICE), UK

Professor James Raftery Professor of Health Technology Assessment, Wessex Institute, Faculty of Medicine,
University of Southampton, UK

Dr Rob Riemsma Reviews Manager, Kleijnen Systematic Reviews Ltd, UK
Professor Helen Roberts Professor of Child Health Research, UCL Institute of Child Health, UK
Professor Jonathan Ross Professor of Sexual Health and HIV, University Hospital Birmingham, UK

Professor Helen Snooks Professor of Health Services Research, Institute of Life Science, College of Medicine,
Swansea University, UK

Professor Jim Thornton Professor of Obstetrics and Gynaecology, Faculty of Medicine and Health Sciences,
University of Nottingham, UK

Professor Martin Underwood Director, Warwick Clinical Trials Unit, Warwick Medical School,
University of Warwick, UK

Please visit the website for a list of members of the NIHR Journals Library Board:
www.journalslibrary.nihr.ac.uk/about/editors

Editorial contact: nihredit@southampton.ac.uk




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Web PDFs for NIHR Journals Library article summaries \(executive summary, scientific summary, lay summary\). RGB colour space, low-resolution images.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


