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Preface

During the last two decades there has been a dramatic improvements and expansion 
in the fi eld of paediatric surgery.  Major advances in perinatal diagnosis, imaging, 
resuscitation, intensive care, minimally invasive surgery, transplantation and improved 
operative techniques have radically altered the management of infants and children 
with surgical conditions.  Surgical procedures are now routinely performed in neo-
nates and children with serious and complex disorders.  Monitoring techniques for 
the sick child pre and post operatively have become more sophisticated and there is 
now greater emphasis on physiological aspects of the child undergoing surgery.

This book, which is primarily aimed at paediatric surgical trainees and young 
paediatric surgeons, provides a comprehensive description of various surgical condi-
tions in infants and children with major emphasis on diagnosis and management.  The 
book contains contributions from outstanding and well known paediatric surgeons 
and paediatric urologists.  Each contributor was selected to provide an authoritative, 
comprehensive and complete account of their respective topic.  Most chapters are 
well illustrated with the use of tables, radiographic images, clinical photographs and 
operative techniques. 

This book comprises of 97 chapters from 119 contributors from all fi ve continents 
of the world.  We wish to thank all the contributors most sincerely for their outstand-
ing work in producing this innovative text book.  We wish to express our gratitude to 
Vanessa Woods and Silvia Harding (Dublin) and Gudrun Raber (Graz) for their skil-
ful secretarial help.  Finally, we wish to thank the editorial staff of Springer, particu-
larly Ms Gabriele Schroeder and Ms Stephanie Benko, who have been behind each 
step of this book from its original concept to its delivery.

Prem Puri
Michael Höllwarth 

vii



Part I General

 1 The Epidemiology of Birth Defects .......................................................  3
Edwin C. Jesudason

 2 Fetal Counselling for Surgical Congenital Malformations .................  9
Kokila Lakhoo

 3 Transport of the Surgical Neonate ........................................................  19
Prem Puri and Udo Rolle

 4 Pre-operative Management and Vascular Access ................................  27
John Gillick and Prem Puri

 5 Anaesthesia and Analgesia .....................................................................  39
Declan Warde

 6 Fluid, Electrolyte and Respiratory Management.................................  53
Desmond Bohn

 7 Sepsis ........................................................................................................  65
Christian J. Ochoa, Jeffrey S. Upperman, and Henri R. Ford

 8 Nutrition ...................................................................................................  75
Agostino Pierro and Simon Eaton

 9 Haematological Problems .......................................................................  89
Owen Patrick Smith

10 Genetics ....................................................................................................  101
Andrew Green

11 Ethical Considerations in Pediatric Surgery ........................................  109
Benedict C. Nwomeh and Donna A. Caniano

Contents

ix



x Contents

12 Minimally Invasive Surgery in Infants and Children ..........................  115
Keith Georgeson

Part II Trauma

13 Birth Trauma ...........................................................................................  125
Thambipillai Sri Paran and Prem Puri

14 Pediatric Thoracic Trauma ....................................................................  133
David E. Sawaya Jr. and Paul M. Colombani

15 Abdominal and Genitourinary Trauma ................................................  143
Steven Stylianos, Barry A. Hicks, and Richard H. Pearl

16 Traumatic Head Injuries ........................................................................  157
Hans G. Eder

17 Pediatric Orthopedic Trauma ................................................................  167
Eva E. Fischerauer and Annelie M. Weinberg

18 Injuries to the Tendons ...........................................................................  179
Heidi Friedrich

19 Burns ........................................................................................................  191
Jonathan Saul Karpelowsky and Heinz Rode

20 Foreign Bodies .........................................................................................  205
L.T. Nguyen

21 Physical and Sexual Child Abuse ..........................................................  213
Michael E. Höllwarth

Part III Head and Neck

22 Choanal Atresia .......................................................................................  223
Michael S. Harney and John Russell

23 Thyreoglossal and Branchial Cysts, Sinuses and Fistulas ...................  229
Michael E. Höllwarth

24 Tracheostomy ..........................................................................................  235
Thom E. Lobe

Part IV Chest

25 Chest Wall Deformities ...........................................................................  247
Donald Nuss and Robert E. Kelly, Jr.

26 Breast Disorders in Children and Adolescents .....................................  257
Benno M. Ure and Martin L. Metzelder



Contents xi

27 Congenital Airway Malformations ........................................................  263
Richard G. Azizkhan

28 Mediastinal Masses in the Children ......................................................  277
S.J. Shochat

29 Pleural Effusion and Empyema .............................................................  285
Klaas Bax

30 Congenital Malformations of the Lung .................................................  293
David M. Gourlay and Keith T. Oldham

31 Congenital Diaphragmatic Hernia ........................................................  307
Prem Puri and Nana Nakazawa

32 Extracorporeal Membrane Oxygenation ..............................................  315
Joey C. Papa and Charles J.H. Stolar

Part V Esophagus

33 Esophageal Atresia and Tracheoesophageal Fistula ............................  329
Michael E. Höllwarth

34 Gastroesophageal Refl ux Disease ..........................................................  339
Keith Georgeson

35 Achalasia ..................................................................................................  345
Paul K.H. Tam and Kenneth K.Y. Wong

36 Esophageal Perforations and Caustic Injuries in Children ................  353
Alaa F. Hamza

Part VI Gastrointestinal

37 Infantile Hypertrophic Pyloric Stenosis ................................................  363
Takao Fujimoto

38 Gastrostomy and Jejunostomy ..............................................................  369
Michael W.L. Gauderer

39 Duodenal Obstruction ............................................................................  383
Yechiel Sweed

40 Intestinal Malrotation .............................................................................  393
Mark D. Stringer

41 Jejuno-Ileal Atresia .................................................................................  405
Heinz Rode and A. Numanoglu



xii Contents

42 Meconium Ileus .......................................................................................  415
Massimo Rivosecchi

43 Duplications of the Alimentary Tract....................................................  423
Prem Puri and Alan Mortell

44 Necrotizing Enterocolitis ........................................................................  435
Catherine J. Hunter, Henri R. Ford, and Victoria Camerini

45 Constipation.............................................................................................  445
Melanie C.C. Clarke, Bridget R. Southwell, and John M. Hutson

46 Hirschsprung’s Disease and Variants ....................................................  453     
Prem Puri

47 Anorectal Anomalies ...............................................................................  463
Alberto Peña and Marc Levitt

48 Appendicitis .............................................................................................  477
Jurgen Schleef and Prem Puri

49 Intussusception ........................................................................................  485
Priya Ramachandran

50 Omphalomesenteric Duct Remnants .....................................................  491
Dhanya Mullassery and Paul D. Losty

51 Hernias .....................................................................................................  497
Tomas Wester

52 Short Bowel Syndrome ...........................................................................  507
Michael E. Höllwarth

53 Infl ammatory Bowel Disease ..................................................................  517
Risto J. Rintala and Mikko P. Pakarinen

54 Paediatric Small Bowel Transplantation ..............................................  527
A.J.W. Millar, K. Sharif, and G.L. Gupte

Part VII Liver, Biliary Tract and Pancreas

55 Biliary Atresia .........................................................................................  537
Mark Davenport

56 Choledochal Cyst ....................................................................................  545
Atsuyuki Yamataka and Yoshifumi Kato

57 Hepatic Cysts and Abscesses ..................................................................  557
Priya Ramachandran



Contents xiii

58 Portal Hypertension ................................................................................  561
Mark D. Stringer

59 Gallbladder Disease ................................................................................  571
Shawn D. St. Peter and George W. Holcomb, III

60 Pancreatic Disorders ...............................................................................  581
Paul R.V. Johnson

61 Splenic Disorder ......................................................................................  593
Thom E. Lobe

62 Paediatric Liver Transplantation ..........................................................  603
K. Sharif and A.J.W. Millar

Part VIII Anterior Abdominal Wall Defects

63 Omphalocele and Gastroschisis .............................................................  619
Duane S. Duke and Marshall Z. Schwartz

64 Bladder Exstrophy ..................................................................................  629
Amanda C. North and John P. Gearhart

65 Cloacal Exstrophy ...................................................................................  635
Moritz M. Ziegler

66 Prune Belly Syndrome ............................................................................  643
Thambipillai Sri Paran and Prem Puri

67 Conjoined Twins ......................................................................................  647
Juan A. Tovar

Part IX Tumors

68 Vascular Anomalies .................................................................................  659
Emily Christison-Lagay and Steven J. Fishman

69 Congenital Nevi .......................................................................................  673
Alexander Margulis, Julia F. Corcoran and Bruce S. Bauer

70 Lymphatic Malformations ......................................................................  687
Mohammed Zamakhshary and Jacob C. Langer

71 Sacrococcygeal Teratoma .......................................................................  697
Thambipillai Sri Paran and Prem Puri

72 Neuroblastoma ........................................................................................  703
Edward Kiely



xiv Contents

73 Wilms’ Tumor..........................................................................................  709
Michael E. Höllwarth

74 Soft Tissue Sarcoma ................................................................................  717
Robert Carachi

75 Hepatic Tumors in Childhood ................................................................  727
Thambipillai Sri Paran and Michael P. La Quaglia

76 Lymphomas .............................................................................................  737
Christian Urban

77 Ovarian Tumors ......................................................................................  745
Mary E. Fallat and Romeo C. Ignacio, Jr.

78 Testis Tumors ...........................................................................................  755
Jonathan H. Ross

Part X Spina Bifi da and Hydrocephalus

79 Spina Bifi da and Encephalocoele ...........................................................  765
Martin T. Corbally

80 Hydrocephalus .........................................................................................  775
Jerard Ross and Conor Mallucci

81 Dermal Sinus and Tethered Cord ..........................................................  789
Andrew B. Pinter and László Bognár

Part XI Genitourinary

82 Urinary Tract Infection ..........................................................................  799
Jeremy B. Myers and Martin A. Koyle

83 Imaging of the Paediatric Urogenital Tract ..........................................  809
Michael Riccabona

84 Management of Prenatal Hydronephrosis .............................................. 825
Jack S. Elder

85 Upper Urinary Tract Obstructions .......................................................  839
Boris Chertin

86 Ureteric Duplication Anomalies ............................................................  847
Thambipillai Sri Paran and Prem Puri

87 Vesicoureteral Refl ux ..............................................................................  855
Prem Puri



Contents xv

88 Posterior Urethral Valves .......................................................................  863
Paolo Caione and Simona Nappo

89 Neurogenic Bladder ................................................................................  881
Yves Aigrain and Alaa El Ghoneimi

90 End Stage Renal Disease and Renal Transplantation .........................  891
Atif Awan

91 Intersex Disorders ...................................................................................  903
Maria Marcela Bailez

92 Cryptorchidism .......................................................................................  919
John Hutson

93 Acute Scrotum .........................................................................................  927
Amulya K. Saxena and Michael E. Höllwarth

94 Hypospadia ..............................................................................................  935
Göran Läckgren and Agneta Nordenskjöld

95 Circumcision and Buried Penis .............................................................  947
Martin Kaefer

Part XII Paediatric Gynaecology

96 Hydrometrocolpos ...................................................................................  957
Devendra K. Gupta and Shilpa Sharma

97 Gynaecologic Conditions of Childhood .................................................  967
Lina Michala and Sarah M. Creighton

Index .................................................................................................................  973



Contributors

Yves Aigrain, MD, PhD Service de Chirurgie Pédiatrique et Urologie Pédiatrique, 
Hôpital Robert Debré, AP-HP Université Paris VII, 48 bd Serurier, 75019 Paris, 
France

Atif Awan Consultant Paediatric Nephrologist, Department of Nephro-urology & 
Transplantation, The Children’s University Hospital, Temple Street, Dublin 1, Ireland, 
e-mail: kidney.unit@cuh.ie

Richard G. Azizkhan, MD Cincinnati Children’s Hospital Medical Center, 
ML3018, 3333 Burnet Avenue, Cincinnati, OH 45229, USA, e-mail: Richard.
Azizkhan@cchmc.org

Maria Marcela Bailez Pediatric Surgery, J.P. Garrahan Children’s Hospital, 
Pichincha 1850, Buenos Aires, Argentina, e-mail: mbailez@speedy.com.ar

Bruce S. Bauer, MD, FACS, FAAP Chief, Division of Plastic Surgery, The 
Children’s Memorial Hospital, Professor of Surgery, The Feinberg School of Medicine 
at Northwestern University, Chicago, IL, USA, e-mail: bbauer@northwestern.edu

Klaas(N) M.A. Bax, MD, PhD, FRCS(Ed) Professor of Pediatric Surgery and 
Head of the Department of Pediatric Surgery, Sophia Children’s Hospital, Erasmus 
Medical Center, P.O. 2060, 3000 CB Rotterdam, The Netherlands, e-mail: n.bax@
erasmusmc.nl

László Bognár Department of Paediatrics/Surgical Unit, Pécs University, József A. 
str. 7, 7623 Pécs, Hungary

Desmond Bohn Hospital for Sick Children, Toronto, ON, Canada

Paolo Caione Division of Paediatric Urology, “Bambino Gesù” Children’s Hospital, 
Piazza S. Onofrio, 5, 00165 Rome, Italy, e-mail: caione@opbg.net

Victoria Camerini Children’s Hospital Los Angeles, 4650 W Sunset Blvd, Los 
Angeles, CA 90027, USA, e-mail: vcamerini@chla.usc.edu

Donna A. Caniano, MD Professor of Surgery and Pediatrics, H. William Clatworthy 
Professor of Pediatric Surgery, Ohio State University College of Medicine and Public 
Health, Columbus, OH, USA
Surgeon-in-Chief, Columbus Children’s Hospital, Columbus, OH 43205, USA

xvii



xviii Contributors

Robert Carachi, FRCS Division of Developmental Medicine, Section of Surgical 
Paediatrics, University of Glasgow, The Royal Hospital for Sick Children, Yorkhill, 
Glasgow G3 8SJ, Scotland, UK, e-mail: R.Carachi@clinmed.gla.ac.uk

Boris Chertin, MD Department of Urology, Shaare Zedek Medical Center, P.O. 
Box 3235, Jerusalem 91031, Israel, e-mail: bchertin@yahoo.com

Emily Christison-Lagay, MD Department of Surgery, Children’s Hospital Boston, 
300 Longwood Ave., Fegan 3, Boston, MA 02115, USA, e-mail: Steven.fi shman@
childrens.harvard.edu

Melanie C. Clark Murdoch Children’s Research Institute, Royal Children’s 
Hospital, Melbourne, VIC, Australia, e-mail: hutsonj@crytic.rch.unimelb.edu.au

Paul M. Colombani, MD Children’s Surgeon in Charge, The John Hopkins 
Hospital, The John Hopkins University School of Medicine, Baltimore, MD, USA

Martin T. Corbally, MCh, FRCSI, FRCS (Paed), FRCSEd Consultant Paediatric 
Surgeon, Our Lady’s Children’s Hospital, Crumlin, Dublin 12, Ireland
Associate Professor of Paediatric Surgery, Royal College of Surgeons in Ireland, 
Dublin, Ireland

Julia Corcoran, MD, FACS, FAAP Assistant Professor of Surgery (Plastic), 
Northwestern University Feinberg School of Medicine, Attending Surgeon, Children’s 
Memorial Hospital, Chicago, IL 60614, USA

Sarah M. Creighton, MD, FRCOG Consultant Gynaecologist, University College 
Hospital, Great Ormond Street Hospital, London, UK, e-mail: sarah.creighton@uclh.nhs.uk

Mark Davenport, ChM, FRCS (Paeds), FRCPS (Glas), FRCS (Eng) Department 
of Paediatric Surgery, King’s College Hospital, Denmark Hill, London SE5 9RS, 
UK, e-mail: Markdav2@ntlworld.com, Mark.Davenport@kingsch.nhs.uk

Duane S. Duke, MD Pediatric Surgery Fellow, Department of Surgery, Drexel 
College of Medicine, St. Christopher’s Hospital for Children, Erie Avenue at Front 
Street, Philadelphia, PA 19134, USA, e-mail: mzschwartz@msn.com

Simon Eaton, BSc (Hons), PhD Department of Paediatric Surgery, The Institute of 
Child Health and Great Ormond Street Hospital for Children NHS Trust, University 
College London, London, UK

Hans G. Eder, MD Professor for Neurosurgery, Head of Pediatric Neurosurgery, 
Department of Neurosurgery, Medical University, Graz, Austria

Jack S. Elder, MD Department of Urology, Henry Ford Hospital, K-9, 2799 West 
Grand Blvd, Detroit, MI 48202, USA

Alaa El Ghoneimi, MD, PhD Service de Chirurgie Pédiatrique et Urologie 
Pédiatrique, Hôpital Robert Debré, AP-HP Université Paris VII, 48 bd Serurier, 
75019 Paris, France

Mary E. Fallat, MD Division of Pediatric Surgery, Department of Surgery, 
University of Louisville School of Medicine, 315 E. Broadway Street, Suite 565, 
Louisville, KY 40202, USA, e-mail: mefall01@gwise.louisville.edu

Eva E. Fischerauer, MD Department of Paediatric Surgery, Medical University, 
Auenbruggerplatz 36, 8034 Graz



Contributors xix

Steven J. Fishman, MD Department of Surgery, Children’s Hospital Boston, 300 
Longwood Ave., Fegan 3, Boston, MA 02115, USA, e-mail: Steven.fi shman@
childrens.harvard.edu

Henri R. Ford, MD Children’s Hospital Los Angeles, 4650 W Sunset Blvd, MS 72, 
Los Angeles, CA 90027, USA, e-mail: hford@chla.usc.edu

Heidi Friedrich Department of Paediatric and Adolescent Surgery, Medical 
University of Graz, Auenbruggerplatz 34, 8036 Graz, Austria

Takao Fujimoto, MD, PhD Director, Department of Pediatric Surgery, Aiiku 
Maternal Children’s Medical Center, 5-6-8, Minami Azabu, Minato-ku, Tokyo 106-
8580, Japan, e-mail: tfujimoto@aiiku.net

Michael W.L. Gauderer, MD, FACS, FAAP Professor of Pediatric Surgery and 
Pediatrics, University of South Carolina, School of Medicine, Columbia, SC, USA
Chief, Division of Pediatric Surgery, Greenville Hospital System University Medical 
Center, 890 W. Faris Road, MMOB, Suite 440, Greenville, SC 29605-4253, USA, 
e-mail: mgauderer@ghs.org

John P. Gearhart Brady Urological Institute, Johns Hopkins Hospital, Baltimore, 
MD, USA, e-mail: jgearhart@jhmi.edu

Keith Georgeson, MD University of Alabama Health Services, Children’s Hospital, 
1600 7th Ave. S, Ste 300, Birmingham, AL 35233-1785, USA, e-mail: Keith.
georgeson@ccc.uab.edu

John Gillick Our Lady’s Children’s Hospital, Crumlin, Dublin 12, Ireland, 
e-mail: johngillick@excite.com

David M. Gourlay, MD Assistant Professor of Surgery, Division of Pediatric 
Surgery, Medical College of Wisconsin, 999 N. 92nd Ave., Suite 320, Milwaukee, WI 
53226, USA, e-mail: dgourlay@chw.org

Andrew Green, MB, PhD, FRCPI, FFPath (RCPI) Director, National Centre for 
Medical Genetics, Our Lady’s Children’s Hospital, Dublin, Ireland

D.K. Gupta Professor and Head, Department of Pediatric Surgery, All India Institute 
of Medical Sciences, New Delhi 110029, India, e-mail: devendra6@hotmail.com, 
profdkgupta@gmail.com

G. Gupte Department of Paediatric Surgery, Birmingham Children’s Hospital, 
Steelhouse Lane, Birmingham B4 6NH, UK, e-mail: ksharif@hotmail.com

Alaa F. Hamza, MD, FRCS, FAAP (Hon.) Department of Pediatric Surgery, 
Ain-Shams University, 45 Remiss Street, Heliopolis, 11341 Cairo, Egypt, 
e-mail: shamza@idsc.net.eg

Michael S. Harney, FRCSI (ORL) Specialist Registrar in Otolaryngology, Our Lady’s 
Hospital for Sick Children, Dublin, Ireland, e-mail: michaelsharney@eircom.net

Barry A. Hicks, MD Children’s  Medical Center, Dallas, 3rd Floor, West Tower, 
1935 Motor St, Dallas, TX 75235, USA, e-mail: Barry.hicks@childrens.com

George W. Holcomb, III, MD, MBA Surgeon-in-Chief, Children’s Mercy Hospital, 
2401 Gillham Rd, Kansas City, MO 64108, USA, e-mail: gholcomb@cmh.edu



Michael Höllwarth, MD Department of Paediatric Surgery, Medical University, 
Auenbruggerplatz 36, 8034 Graz, Austria, e-mail: Michael.hoellwarth@meduni-graz.at

Catherine J. Hunter Children’s Hospital Los Angeles, 4650 W Sunset Blvd, MS 
72, Los Angeles, CA 90027, USA, e-mail: hford@chla.usc.edu

John M. Hutson General Surgery/Urology Departments, Royal Children’s Hospital, 
Flemington Road, Parkville, Melbourne, VIC 3052, Australia, e-mail: john.hutson@
rch.org.au

Romeo C. Ignacio, Jr Fellow, Pediatric Surgery, Department of Surgery, University 
of Louisville, Louisville, KY, USA

Edwin C. Jesudason, MA, FRCS(Paed), MD Senior Clinical Lecturer/Consultant 
Paediatric Surgeon, Division of Child Health, University of Liverpool, Alder Hey 
Children’s Hospital, Liverpool L12 2AP, UK, e-mail: e.jesudason@liv.ac.uk

Paul R.V. Johnson Academic Paediatric Surgery Unit, Nuffi eld Department of 
Surgery, Level 6, John Radcliffe Hospital, Headley Way, Oxford OX3 9DU, UK, 
e-mail: paul.johnson@nds.ox.ac.uk

Martin Kaefer Riley Children’s Hospital, Indiana University Medical School, 
Indianapolis, IN 46202, USA, e-mail: mkaefer@iupui.edu

Jonathan Saul Karpelowsky Department of Paediatric Surgery, Red Cross War 
Memorial, Children’s Hospital, Cape Town, South Africa, e-mail: Jonathan.
karpelowsky@uct.ac.za

Yoshifumi Kato Department of Paediatric and Urogenital Surgery, Juntendo 
University School of Medicine, 2-1-1 Hongo, Bunkyo-ku, Tokyo 113-8421, Japan, 
e-mail: yama@med.juntendo.ac.jp

Robert E. Kelly, Jr, MD, FACS, FAAP Children’s Surgical Specialty Group, 601 
Children’s Ln, Ste 5b, Norfolk, VA 23507, USA, e-mail: dnuss@chkd.org

Martin A. Koyle, MD Pediatric Urology, The Children’s Hospital, 1056 E. 19th 
Avenue, B463, Denver, CO 80218, USA, e-mail: koyle.martin@tchden.org

Göran Läckgren Section of Urology, University Children’s Hospital, Uppsala, 
Sweden

Kokila Lakhoo Consultant Paediatric Surgeon, Children’s Hospital, Oxford OX3 
9DU, UK,  e-mail: Kokila.lakhoo@paediatrics.ox.ac.uk

Jacob C. Langer, MD Rm 1526, Hospital for Sick Children, 555 University Ave., 
Toronto, ON, Canada M5G 1X8, e-mail: jacob.langer@sickkids.on.ca

Michael La Quaglia, MD, FACS, FRCS (Edin) Department of Surgery (Ped. 
Surg.), Memorial Sloan-Kettering Cancer Center, 1275 York Ave., New York, NY 
10021, USA, e-mail: laquaglm@mskcc.org

Marc A. Levitt, MD Colorectal Center for Children, Cincinnati Children’s Hospital 
Medical Center, Pediatric Surgery, 3333 Burnet Avenue, ML 2023, Cincinnati, OH 
45229, USA, e-mail: marc.levitt@cchmc.org

xx Contributors



Thom E. Lobe, MD Professor of Pediatrics, University of Tennessee Health Science 
Center, Memphis, TN, USA
Clinical Professor of Surgery, University of Iowa, Iowa City, IA, USA
Pediatric Surgeon, Blank Children’s Hospital, 1200 Pleasant Street, Des Moines, IA 
50309, USA, e-mail: Lobet2@ihs.org

Paul D. Losty, MD, FRCS(Paed) Professor of Paediatric Surgery, Division of Child 
Health, The Royal Liverpool Children’s Hospital (Alder Hey), University of Liverpool, 
Liverpool, UK

Conor Mallucci Royal Liverpool Children’s Hospital, Alder Hey, Eaton Road, 
Liverpool L12 2AP, UK

Alexander Margulis, MD Senior Lecturer, Hebrew University School of Medicine, 
Jerusalem, Israel
Attending Surgeon, Department of Plastic Surgery, Hadassah Medical Center, 
Jerusalem, Israel, e-mail: margul3@yahoo.com

Martin L. Metzelder Department of Pediatric Surgery, Hannover Medical School, 
Hannover, German

Lina Michala, MRCOG Specialist Registrar, Department of Obstetrics and 
Gynaecology, King’s College Hospital, London, UK

A.J.W. Millar Red Cross Children’s Hospital, Cape Town, South Africa

Alan Mortell Children’s Research Centre, Our Lady’s Children’s Hospital, Crumlin, 
Dublin 12, Ireland, e-mail: Alan.mortell@ucd.ie

Dhanya Mullassery, MRCS(Eng) Paediatric Surgical Research Fellow, Division 
of Child Health, The Royal Liverpool Children’s Hospital (Alder Hey), University of 
Liverpool, Liverpool, UK

Jeremy B. Myers, MD Department of Surgery, Division of Urology, University of 
Colorado Health Sciences Center, Denver, CO, USA

Nana Nakazawa, MD Pediatric General and Urogenital Surgery, Juntendo 
University School of Medicine, Tokyo, Japan, e-mail: nana.nakazawa@gmail.com

Simona Nappo Division of Paediatric Urology, “Bambino Gesù” Children’s 
Hospital, Research Institute, Rome, Italy

L.T. Nguyen, MD Montreal Children’s Hospital, 2300 Tupper St., Rm C-1132, 
Montreal, QC, Canada QCH3H 1P3, e-mail: Luong.nguyen@muhc.mcgill.ca

Agneta Nordenskjöld, MD, PhD Professor of Pediatric Surgery, Department of 
Women and Child Health, Karolinska University Hospital, Stockholm, Sweden

Amanda C. North Brady Urological Institute, Johns Hopkins Hospital, Baltimore, 
MD, USA, e-mail: Jgearhart@jhmi.edu

A. Numanoglu Department of Paediatric Surgery, Red Cross War Memorial 
Children’s Hospital, University of Cape Town, Cape Town, South Africa

Contributors xxi



Donald Nuss, MB, CHB, FRCS (C), FACS Children’s Surgical Specialty Group, 
601 Children’s Ln, Ste 5b, Norfolk, VA 23507, USA, e-mail: dnuss@chkd.org

Benedict C. Nwomeh, MD Department of Pediatric Surgery, ED 379, Columbus 
Children’s Hospital, 700 Children’s Drive, Columbus, OH 43205, USA, e-mail: 
nwomehbe@chi.osu.edu

Christian J. Ochoa Children’s Hospital Los Angeles, 4650 W Sunset Blvd, MS 72, 
Los Angeles, CA 90027, USA

Keith T. Oldham, MD Professor and Chief, Division of Pediatric Surgery, Medical 
College of Wisconsin, Marie Z. Uihlein Chair and Surgeon-in-Chief, Children’s 
Hospital of Wisconsin, Milwaukee, WI, USA, e-mail: koldham@chw.org

Mikko Pakarinen Children’s Hospital, University of Helsinki, Stenbackinkatu 11, 
P.O. Box 281, 00029 HUS, Finland, e-mail: mikko.pakarinen@hus.fi 

Joey C. Papa, MD Stanley Morgan Children’s Hospital, New York, NY, USA

Richard H. Pearl, MD University of IL Peoria, Children’s Hospital of IL, 420 NE 
Glen Oak, Ste 201, Peoria, IL 61603, USA, e-mail: rhpearl@uic.edu

Alberto Peña, MD Director, Colorectal Center for Children, Professor of Pediatric 
Surgery, Department of Pediatric Surgery, Cincinnati Children’s Hospital, 
University of Cincinnati, 3333 Burnet Avenue, ML 2023, Cincinnati, OH 45229, 
USA, e-mail: alberto.pena@cchmc.org

Agostino Pierro, MD, FRCS (Eng), FRCS (Ed), FAAP Professor of Paediatric 
Surgery, Department of Paediatric Surgery, Institute of Child Health, 30, Guilford 
Street, London WC1N 1EH, UK, e-mail: pierro.sec@ich.ucl.ac.uk

Andrew B. Pinter Department of Paediatrics/Surgical Unit, Pécs University, József 
A. str. 7, 7623 Pécs, Hungary, e-mail: andras.pinter@aok.pte.hu

Prem Puri, MS, FRCS, FRCS (Ed), FACS Children’s Research Centre, Our Lady’s 
Children’s Hospital, Dublin 12, Ireland, e-mail: prem.puri@ucd.ie

Priya Ramachandran, FRCS, PhD 25 Nageswava Road, Nungambakkam, 
Chennai, India, e-mail: kidsurg@hotmail.com

Michael Riccabona Department of Radiology, Division of Pediatric Radiology, 
University Hospital Graz, Auenbruggerplatz, 8036 Graz, Austria, e-mail: michael.
riccabona@klinikum-graz.at

Risto J. Rintala Professor of Paediatric Surgery, Hospital for Children and 
Adolescents, University of Helsinki, P.O. Box 281, 00029 HUS, Finland, e-mail: 
risto.rintala@hus.fi ,  risto.rintala@saunalahti.fi 

Massimo Rivosecchi Chief, Department of Pediatric Surgery, “Bambino Gesù” 
Children’s Hospital, Palidoro, Rome, Italy

Heinz Rode Department of Paediatric Surgery, Red Cross War Memorial Children’s 
Hospital, University of Cape Town, Cape Town, South Africa

Udo Rolle Department of Paediatric Surgery, University of Leipzig, Leipzig, Germany

xxii Contributors



Contributors xxiii

Jerard Ross Royal Liverpool Children’s Hospital, Alder Hey, Eaton Road, 
Liverpool L12 2AP, UK, e-mail: rossjerad@jross101.freeserve.co.uk, mallucci@
ntlworld.com

Jonathan H. Ross, MD Head, Section of Pediatric Urology, Glickman Urological 
Institute, Cleveland Clinic Childrens Hospital, 9500 Euclid Avenue/Desk A100, 
Cleveland, OH 44195, USA, e-mail: rossj@ccf.org

John Russell, FRCSI (ORL) Consultant Otolaryngologist/Paediatric Airway 
Surgeon, Our Lady’s Hospital for Sick Children, Dublin, Ireland

David E. Sawaya, Jr, MD Chief, Division of Pediatric Surgery, The John Hopkins 
University School of Medicine, Children’s Surgeon in Charge, The John Hopkins 
Hospital, Baltimore, MD, USA

Amulya K. Saxena, MD Associate Professor, Department of Pediatric and 
Adolescent Surgery, Medical University of Graz, Auenbruggerplatz 34, 8036 Graz, 
Austria

Marshall Z. Schwartz, MD Professor of Surgery and Pediatrics, Drexel University 
College of Medicine, Philadelphia, PA, USA
Surgeon-in-Chief, Pediatric Surgery, St. Christopher’s Hospital for Children, Erie 
Avenue at Front Street, Philadelphia, PA 19134, USA, e-mail: mzschwartz@msn.com

K. Sharif Department of Paediatric Surgery, Birmingham Children’s Hospital, 
Steelhouse Lane, Birmingham B4 6NH, UK, e-mail: ksharif@hotmail.com

Shilpa Sharma Assistant Professor of Pediatric Surgery, Post Graduate Institute of 
Medical Sciences, Dr RML Hospital, New Delhi, India

S.J. Shochat Department of Surgery, St Jude Children’s Research Hospital, 332 N 
Lauderdake, Memphis, TN 38105, USA, e-mail: Stephen.shochat@stjude.org

Owen Patrick Smith, MA, MB, BA Mod.(Biochem.), FRCPCH, FRCPI, 
FRCPEdin, FRCPLon, FRCPGlasg, FRCPath Consultant Paediatric Haema-
tologist, National Paediatric Haematology/Oncology and Bone Marrow Transplant 
Centre, Haematology Division, Our Lady’s Children’s Hospital, Crumlin, Dublin 12, 
Ireland, e-mail: owen.smith@olhsc.ie
Professor of Haematology, Trinity College Dublin, Dublin, Ireland

Bridget R. Southwell, PhD Murdoch Children’s Research Institute, Royal 
Children’s Hospital, Melbourne, VIC, Australia, e-mail: hutsonj@crytic.rch.unimelb.
edu.au

Thambipillai Sri Paran, FRCS(I) Children’s Research Centre, Our Lady’s 
Children’s Hospital, Dublin, Ireland

Charles J.H. Stolar, MD Stanley Morgan Children’s Hospital, New York, NY, 
USA

Shawn D. St. Peter, MD Director, Center for Prospective Clinical Trials, Department 
of Surgery, Children’s Mercy Hospital, 2401 Gillham Rd, Kansas City, MO 64108, 
USA, e-mail: sspeter@cmh.edu



xxiv Contributors

Mark D. Stringer, BSc, MS, MRCP, FRCS, FRCS (Paed.), FRCSEd Professor of 
Paediatric Surgery, St. James’s University Hospital, Leeds, UK
Department of Anatomy and Structural Biology, Otago School of Medical Sciences, 
University of Otago, P.O. Box 913, Dunedin, New Zealand, e-mail: mark.stringer@
anatomy.otago.ac.nz

Steven Stylianos, MD Children’s Hospital of New York Presbyterian, 3959 
Broadway, New York, NY 10032, USA, e-mail: Steven.Stylianos@mch.com

Yechiel Sweed, MD Head, Department of Pediatric Surgery, Western Galilee 
Hospital, Nahariya 22100, Israel, e-mail: yechiel.sweed@naharia.health.gov.il

Paul K.H. Tam Division of Paediatric Surgery, Department of Surgery, University 
of Hong Kong, Queen Mary Hospital, Hong Kong SAR, China

Juan A. Tovar, MD, PhD Departamento de Cirugía Pediátrica, Hospital Universitario 
“La Paz”, P. de la Castellana, 261, 28046 Madrid, Spain, e-mail: jatovar.hulp@salud.
madrid.org

Jeffrey S. Upperman Children’s Hospital Los Angeles, 4650 W Sunset Blvd, MS 
72, Los Angeles, CA 90027, USA

Christian Urban, MD Division of Pediatric Hematology/Oncology, Department of 
Pediatrics and Adolescent Medicine, Medical University Graz, 8036 Graz, Austria, 
e-mail: christian.urban@meduni-graz.at

Benno M. Ure, MD Director/Chairman, Professor of Pediatric Surgery, Hannover 
Medical School, Carl-Neuberg-Str. 1, 30625 Hannover, Germany, e-mail: ure.
benno@mh-hannover.de

Declan Warde Department of Anaesthesia, Children’s University Hospital, Temple 
Street, Dublin 1, Ireland, e-mail: dwarde@indigo.ie

Tomas Wester Department of Paediatric Surgery, University Hospital, 751 85 
Uppsala, Sweden, e-mail: tomas.wester@surgsci.uu.se

Kenneth Kak Yuen Wong, MBChb (Ed), FRCS (Ed) Division of Paediatric 
Surgery, Department of Surgery, University of Hong Kong Medical Centre, Queen 
Mary Hospital, Pokfulam Road, Hong Kong, e-mail: kkywong@hkucc.hku.hk

Atsuyuki Yamataka, MD Department of Pediatric and Urogenital Surgery, Juntendo 
University School of Medicine, 2-1-1 Hongo, Bunkyo-ku, Tokyo 113-8421, Japan, 
e-mail: yama@med.juntendo.ac.jp

Mohammed Zamakhshary, MD, MEd Fellow, Pediatric General Surgery, 
University of Toronto, Hospital for Sick Children, Toronto, ON, Canada

Moritz M. Ziegler, MD The Children’s Hospital, 13123 East 16th Avenue, B323, 
Aurora, Cal. 80045, USA, e-mail: Ziegler.moritz@tchden.org



IPart

General



The Epidemiology of Birth Defects

Edwin C. Jesudason

Contents

1.1 Introduction .................................................... 3

1.2 Birth Defects Are Leading Causes 
of Global Infant Mortality ............................ 3

1.3 Birth Defects Epidemiology 
and Teratology ................................................ 4

1.4 Causation of Birth Defects Remains 
Often Complex and Uncertain ...................... 4

1.5 Birth Defects Appear to Arise 
Typically (But Not Exclusively) 
in the First Trimester ..................................... 5

1.6 Classifi cation of Birth Defects for 
Epidemiological Purposes ............................. 5

1.7 Counting of Birth Defects Is Affected 
by the Defi nition of Stillbirth ........................ 6

1.8 Prenatal Diagnosis: The Greatest 
Challenge to Birth Defect 
Epidemiology? ................................................ 7

1.9 Paediatric Surgeons Often Report 
Institutional Series of Birth Defects ............. 8

1.10 The Challenge for Modern 
Paediatric Surgery ......................................... 8

Further Reading ........................................................ 8

1

P. Puri and M. Höllwarth (eds.), Pediatric Surgery: Diagnosis and Management, 3
DOI: 10.1007/978-3-540-69560-8_1, © Springer-Verlag Berlin Heidelberg 2009

1.1 Introduction

The surgical correction of birth defects helped create 
the speciality of paediatric surgery during the middle of 
the last century. Around this time, pioneering neonatal 
operations were successfully performed to allow sur-
vival of babies with conditions like oesophageal atresia 
or congenital diaphragmatic hernia (CDH). Indeed, 
along with innovations such as parenteral nutrition, the 
concentration of surgical, anaesthetic, nursing and 
critical care expertise now allows high survival rates to 
be achieved for many previously fatal anomalies. For cer-
tain conditions that have high mortality and morbidity, 
fetal  surgery aims to further reduce the harm of birth 
defects.

1.2  Birth Defects Are Leading Causes 
of Global Infant Mortality

Given the huge progress made in the treatment of 
infectious diseases in particular, birth defects are 
now emerging as the leading cause of infant morta-
lity. Moreover, this state of affairs pertains not only 
to places with expensive healthcare systems but in 
fact anywhere that infant mortality rates have sig-
nifi cantly fallen. Hence, as progress against other 
infant killer diseases continues it is likely that birth 
defects will gradually become one of the most sig-
nifi cant global causes of infant mortality. In addi-
tion, birth defects are a leading contributor to both 
premature birth (itself a major cause of infant mor-
tality) and chronic disability (with its substantial 
personal and societal costs). Tragically, many such 
problems are already preventable; for example, the 
birth defects associated with congenital rubella syn-



4 Part I General

drome may be virtually eradicated by an effective 
programme of maternal immunisation. Furthermore, 
a subset of neural tube defects continues to occur due 
to inadequate implementation of pre-conceptual 
folate prophylaxis. However, the epidemiological 
challenges for clinicians extend beyond the known, 
preventable defects to unsolved conditions and their 
changing circumstances (for instance, the increasing 
prevalence of gastroschisis Fig. 1.1).

1.3  Birth Defects Epidemiology 
and Teratology

Although birth defects have been described with horror 
and fascination since antiquity, teratology and scientifi c 
birth defects epidemiology date, like paediatric surgery, 
from the mid-twentieth century. Key historical devel-
opments include the recognition of congenital rubella 
syndrome (noted by clinical ophthalmological exami-
nation) and the thalidomide disaster (phocomelia and 
other defects associated with maternal thalidomide 
administration for morning sickness). These episodes 
vividly illustrated the devastating consequences of 
prenatal infection and drug exposure. In addition, these 
chastening experiences highlighted the urgent need to 
formalise birth defects surveillance. Such monitoring 

of birth defects can now be said to serve a range of 
important purposes including early warning of an out-
break, identifi cation of possible environmental or 
genetic causes, rational planning for neonatal surgical 
provision, facilitation of prenatal counselling based on 
accurate data, establishment of associations between 
birth defects and comparison of outcomes.

1.4  Causation of Birth Defects Remains 
Often Complex and Uncertain

Before considering the methods of birth defects sur-
veillance, it is worth sketching the developmental 
biology that underpins birth defects from a surgeon’s 
perspective. Causes of birth defects can be classifi ed 
as parental, fetal and environmental. Examples of 
the former include the impact of maternal and pater-
nal age on the prevalence of Downs and Aperts 
Syndromes, respectively. Alternatively, maternal 
diseases such as diabetes are well-described risk fac-
tors for the formation of birth defects. Fetal causes 
include genetically determined inborn errors of 
metabolism such as those causing intersex anomalies 
in congenital adrenal hyperplasia, chromosomal 
lesions such as Downs Syndrome, Edwards Syndrome 
etc. and twinning with its increased risk of birth 
anomalies. Environmental causes include those 
related to prenatal addiction and drug exposure, such 
as alcohol, smoking, thalidomide, valproate, pheny-
toin, warfarin etc., as well as the impact of intrauter-
ine infections, such as toxoplasmosis, rubella and 
cytomegalovirus. The impact of assisted reproduc-
tive technologies such as in vitro fertilisation and 
intracytoplasmic sperm injection on the prevalence 
of birth defects are actually quite diffi cult to assess. 
The suggestion that anomaly rates are higher in such 
assisted pregnancies needs to contend with the con-
founding increased rates of multiple pregnancy. 
Also, given the parents’ need to use assisted repro-
ductive technology, it may be that they are impor-
tantly different to parents conceiving naturally; 
increased anomaly risk could therefore be due to 
parental abnormality and predisposition rather than a 
result of the techniques themselves.

Other environmental contributors to birth defects 
include “endocrine disrupters”; these oestrogenic com-
pounds are conjectured to contribute to anomalies of 
sexual development in fetal males (e.g. hypospadias) 

Fig. 1.1 Gastroschisis – a birth defect on the move? Data from 
birth defect registries indicate a real and unexplained increase in 
gastroschisis prevalence. It remains to be seen if the severity of 
gastroschisis is also increasing: in this example, in addition to 
the gut, most of the liver lies outside the neonatal abdomen 
(image used with permission, courtesy of the author)
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as well as putative impairment of adult male sperm 
quality. In light of such diffi culties in attributing causes, 
it is important to recognise that only a minority of 
birth defects are known to arise from a simple genetic 
or environmental cause. At present, the majority of 
birth defects appear to have multi-factorial origins. 
Therefore, it is helpful to consider birth defect causa-
tion as the result of complex interactions between 
genes and environment. Hence some cases of spina 
bifi da may result from micronutrient defi ciency in 
the context of predisposing enzyme polymorphisms. 
Similarly, teratogenic drugs may interact with pharma-
cogenomic predispositions to help explain why certain 
pregnancies are affected. Beyond considerations of 
even complex causation, it remains likely that simple 
chance has a major role to play (similar to stochastic 
effects seen in radiation biology).

1.5  Birth Defects Appear to Arise 
Typically (But Not Exclusively) 
in the First Trimester

Developmental biologists refer to “competence win-
dows” to describe periods in development when particu-
lar cells and tissues are capable of responding appropriately 
to certain growth and transcription factors. In a similar 
manner, developing organs are contended to have particu-
lar temporal windows when an otherwise non-specifi c 
teratogenic stimulus will impact disproportionately on 
the formation of that organ system.

During the fi rst trimester, organ morphogenesis 
predominates while later trimesters are devoted to 
organ growth and maturation. Unsurprisingly, there-
fore, sensitivity to teratogens is held to peak during the 
fi rst trimester. Hence, pregnant women are advised to 
avoid medications during this part of gestation in par-
ticular. Teleologically, “morning sickness” that peaks 
during the fi rst trimester is postulated to help reduce 
ingestion of potential teratogens during this period of 
maximum vulnerability. While the model of fi rst tri-
mester teratogenesis appears appropriate for many 
birth defects, it is now clear that certain anomalies may 
arise during later development as a result of fetal 
events, such as amniotic band formation or vascular 
accident. Gastroschisis and intestinal atresia may be 
considered in this latter category. Indeed, the contrast 
between exomphalos and gastroschisis in terms of 
associated anomalies (and hence prognosis) can be 
considered due to the different times they are held to 

originate during development. Exomphalos is consi-
dered an embryonic lesion that is accompanied by 
contemporaneous lesions of organogenesis in other 
systems such as the heart. In contrast, intestinal atresia 
in gastroschisis is thought to result from a discrete fetal 
vascular accident and hence lacks extra-intestinal 
manifestations. A similar contrast between duodenal 
atresia and small bowel atresia may be likewise 
understood as the result of their differing onsets and 
aetiologies. Duodenal atresia is commonly explained 
as an embryonic failure of luminal recanalisation; as 
expected, therefore it is strongly associated with other 
dysorganogenesis, such as cardiac, Downs and oesoph-
ageal atresia. In contrast, small bowel atresiae are 
thought to follow mesenteric vascular occlusion usually 
in fetal life. Hence, aside from gastroschisis, associ-
ated structural lesions are unlikely. Between these 
two “extremes” are birth defects where an embryonic 
lesion has deleterious “knock-on” effects later in fetal 
development; based on experimental models, the 
neurological sequelae of spina bifi da are postulated to 
result from not only the primary failure of neural tube 
closure but also from consequent exposure of the neu-
ral placode to amniotic fl uid. Similarly, lung hypopla-
sia in CDH may emerge as an embryonic lesion prior 
to CDH only for compression by the visceral hernia to 
exacerbate the pulmonary lesion. In circumstances 
such as these, where the pathology is thought to prog-
ress during fetal life, prenatal surgical correction has 
been a logical proposal to meet the challenge of refrac-
tory mortality and morbidity.

1.6  Classifi cation of Birth Defects 
for Epidemiological Purposes

Birth defect epidemiology involves the registration 
of anomalies by type. At present, birth defects regis-
tries such as EUROCAT (European Surveillance of 
Congenital Anomalies) use a classifi cation scheme 
based around organ systems (see Table 1.1), specifi c 
diagnoses and ICD codes (see Table 1.2; both tables 
are derived from data published by EUROCAT—http://
www.eurocat.ulster.ac.uk/pubdata/tables.html).

Cooperation between registries helps by pooling 
data and also by building consensus on issues such as 
the exclusion of minor anomalies without major and 
long-term sequelae (e.g. cryptorchidism or congenital 
hydrocoele) or on how abnormalities of gut fi xation in 
CDH might be recorded. Although anomalies are 
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currently classifi ed by structural anomaly (e.g. CDH, 
oesophageal atresia) or defi ned diagnosis (e.g. Downs), 
it is likely that, in the future, anomalies may be classi-
fi ed or at least subgrouped by genotypic differences 
rather than anatomic details alone. Such distinctions 
may be prognostically and therapeutically important, 
e.g. in contrast to isolated omphalocoeles, exomphalos 
in Beckwith-Wiedemann syndrome is associated with 
hypoglycaemia, macrosomia and increased tumour risk 
due to disordered gene imprinting. Hence, the anatomic 
defect (exomphalos) becomes less important than the 
genetics and its multi-system sequelae. Similarly, it 
is postulated that subgroups of spina bifi da may be 
folate resistant due to underlying genetic or enzymatic 
variation. Designing pre-conceptual prophylaxis for 
birth defects may need to acknowledge pharmacog-
enomically distinct subgroups to avoid benefi ts within 
one subgroup being overlooked due to a larger sur-
rounding non-responder cohort.

Having a system of classifi cation is however only part 
of the task. Notifi cation and classifi cation in practice are 
subject to local variations. When resources exist for 
expert-mediated classifi cation of birth defects by diagno-
sis, this approach to birth defects epidemiology appears 
the best currently available. However, even some North 
American registries lack clinician input in the classi-
fi cation and assignment of observed birth defects. The 
consequence(s) of this omission for data quality remain to 

be determined. In the contrasting circumstances of rural 
China, expert-led assignment of cases has been substi-
tuted by simple photographic recording of malforma-
tions; this system not only allows the registry to function 
but also allows diffi cult cases to be assigned later after 
remote assessment of images by experts. In addition, the 
photographs potentially allow the classifi ers to calibrate 
their judgments against those from other registries.

1.7  Counting of Birth Defects Is Affected 
by the Defi nition of Stillbirth

The epidemiology of birth defects becomes diffi cult 
whenever the classifi cation of defects is not uniform 
or straightforward. This task is complicated by practical 
barriers to case ascertainment (e.g. inadequate resources), 

Table 1.2 Birth prevalence of malformations of relevance to 
paediatric surgery (1980–2004) grouped by diagnosis from 
registries with full EUROCAT membership

  Live birth + fetal death + termi  
Anomaly nation/10,000 births

Down’s 18
Hypospadias 11
Congenital hydronephrosis 8.5
Spina bifi da 5.4
Cystic kidney disease 5.3
Edward’s 3.7
Anorectal malformations 3.0
Diaphragmatic hernia 2.8
Exomphalos 2.8
OA/TOF 2.3
Gastroschisis 1.8
Bilateral renal agenesis 1.7
Duodenal atresia/stenosis 1.2
Hirschsprung disease 0.87
Posterior urethral valves/ 0.8

prune belly
Indeterminate sex 0.8
Intestinal atresia/stenosis 0.74
Bladder extrophy/epispadias 0.58
Situs inversus 0.54
Amniotic band 0.35
CCAM 0.33
Biliary atresia 0.28
Conjoined twins 0.18

Note (a) rates for each category are inclusive of cases with chro-
mosomal lesions; (b) the time frame examined (1980–2004) 
may obscure recent rising incidence of gastroschisis and, for 
example, the impact of modern prenatal diagnosis of CCAM; (c) 
these are birth prevalences (including fetal death/terminations) 
and not necessarily the prevalences at paediatric surgical units.

Table 1.1 Birth prevalence of malformations 1980–2004 
grouped by EUROCAT category. Note, rates for each category 
are inclusive of cases with chromosomal lesions and derived 
from registries with full EUROCAT membership

  Live birth + fetal death +
Organ system termination/10,000 births 

All  210
Cardiac 62
Limb 40
Chromosomal 31
Urinary 27
Nervous system 23
Digestive system 19
Genital 15
Musculo-skeletal 11
Other malformations 10
Abdominal wall defects 4.7
Eye 4.7
Genetic syndromes +  4.6

microdeletions
Ear, face, neck 4.4
Teratogenic syndromes  0.9

(inc. infection) 
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the defi nition of stillbirth and the effects of prenatal 
diagnosis and terminations.

Recording of anomaly prevalence lies at the core of 
birth defects epidemiology. To account for the unknown 
incidence of a defect among vast numbers of naturally 
miscarried pregnancies, epidemiologists measure the 
prevalences of defects within a defi ned birth cohort, 
i.e. the number of live and stillborn cases of the defect, 
as a proportion of all births (live and stillborn). This 
defi nition depends on the artifi cial distinction between 
miscarriage and stillbirth; EUROCAT’s recommenda-
tion is that spontaneous pregnancy losses prior to 20 
weeks of gestation are counted as miscarriages (and do 
not contribute to anomaly prevalence), while similar 
losses at 20 weeks of gestation and beyond are counted 
as stillbirths (and included in prevalence statistics).

Despite these guidelines, several countries have 
established different demarcations (e.g. 24 or 28 weeks 
or even 500 g weight). Clearly, some estimate of prena-
tal birth defects is required to avoid seriously underes-
timating overall prevalences. However, the demarcation 
of stillbirths begins to complicate matters. Countries 
where later gestational cut-off points are used may 
underestimate the prevalence of birth defects com-
pared to registries where 20 weeks is used. Hence, 
minor changes in convention can lead to large but arti-
fi cial differences in anomaly prevalence. While a defi -
nition of stillbirths is needed for data collection, the 
sharp demarcation (whether 20 weeks or later) also 
appears arbitrary from a biological perspective. 
Consider a hypothetical prenatal medical therapy that 
reduces the prevalence of a specifi c birth defect. When 
the anomaly is rare (as most are), it may be diffi cult to 
determine whether an observed reduction in preva-
lence is truly due to fewer malformations or instead 
due to the promotion of earlier loss of affected 
pregnancies (i.e. prior to the 20 weeks or other agreed 
margin). This latter phenomenon, termed “terathana-
sia”, has even been invoked to explain how folate sup-
plementation reduces neural tube defect prevalence.

1.8  Prenatal Diagnosis: The Greatest 
Challenge to Birth Defect 
Epidemiology?

While classifi cation of birth defects and the defi nition 
of stillbirth make anomaly surveillance complex, the 
impact of prenatal diagnosis is arguably still more 

important. Prenatal diagnosis (in particular non-specifi c 
ultrasound screening) confounds birth defects surveil-
lance in a number of ways: (i) it increases identifi cation 
of birth defects within the cohort of assessment (still 
and liveborn) by diagnosing those who may otherwise 
have perished prenatally (and uncounted), or those who 
may have presented beyond the neonatal period (if at 
all). For example, in prenatal identifi cation of cystic 
lung lesions, some would never have been diagnosed 
(either regressing spontaneously or persisting asymp-
tomatically), while even symptomatic lesions would 
often have presented later (beyond the scope of the 
birth defects registry); (ii) prenatal diagnosis alters 
antenatal management and results in terminations (or 
fetal intervention) that affect the numbers of birth 
defects being counted; most registries therefore attempt 
to keep separate data on terminations for birth defects. 
However, where prohibitions on termination exist, such 
data becomes still harder to fi nd; (iii) prenatal diagnosis 
may be inaccurate but unchecked; pathological verifi -
cation after termination may be incomplete or absent, 
yet the diagnosis is included in the birth defect tally; 
(iv) resources and expertise to perform prenatal sono-
graphy vary with location thereby hampering national 
and international comparison of the prevalence of birth 
defects. In summary, the apparently simple task of 
counting live and stillborn cases for birth defects sur-
veillance is fraught with diffi culty once (a) the arbitrary 
defi nition of stillbirth is imposed and (b) ubiquitous 
prenatal imaging prompts both terminations and identi-
fi cation of previously occult “cases”.

Given these challenges in data collection, epide-
miologists are aided by being able to compare a 
variety of surveillance databases. Many European 
registries are incorporated into the EUROCAT ini-
tiative. Similarly, several other registries feed into 
birth defects’ surveillance data furnished by the 
World Health Organisation (WHO). Their Birth 
Defects Atlas is an interesting publication available 
in the public domain (http://www.who.int/genom-
ics/publications/en/). Most importantly it is instruc-
tive to read and consider the caveats that EUROCAT 
and WHO place on their data. The interpretational 
issues raised highlight not only the problems dis-
cussed in the previous sections but also allude to the 
ongoing challenge of inadequate resources and 
expertise for reporting birth defects. This in turn 
impairs the data accuracy and may help explain 
insuffi cient action upon fi ndings.
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1.9  Paediatric Surgeons Often Report 
Institutional Series of Birth Defects

Given the diffi culties in collecting and interpreting 
data from population-based registries, it should come 
as no surprise that similar issues affl ict institutional 
series that are the staple of paediatric surgeons’ report-
ing. Again, ascertainment is the most signifi cant prob-
lem; prenatal diagnosis, terminations, or deaths prior 
to transfer, of high-risk cases can give the misleading 
impression that changed institutional practice is impac-
ting on outcome (when in fact it is pre-institutional 
interventions that are changing the results). Moreover, 
paediatric surgeons like to estimate disease severity in 
their cohort to show that their (good) results are not 
simply the product of low-risk caseload. However, in 
such circumstances it can be highly misleading to use 
the frequency of interventions (e.g. decision to patch 
and use ECMO or nitric oxide in CDH) to estimate 
severity in a birth defect cohort; use of these techniques 
may in fact owe more to institutional protocols rather 
than any pathophysiological differences between 
cases. Ultimately, institutional series are subject to 
often substantial biases (with apparently poorer results 
perhaps not even being submitted for publication).

1.10  The Challenge for Modern 
Paediatric Surgery

Despite its confounding infl uence on modern birth 
defects surveillance, the impact of prenatal diagnosis 
will not disappear. On the contrary, advances in prena-
tal imaging may only serve to identify more “defects” 
of unknown signifi cance. Moreover, functional fetal 
imaging and genotyping may evolve to allow better 
prenatal prognostication and hence case selection for 
future fetal therapies. In the midst of all these poten-
tially exciting developments, paediatric surgeons retain 
a key role; using the best available birth defects epide-
miology, we may gradually learn to match the defects 
with the required type and time of intervention appro-
priately. To achieve this, paediatric surgeons need to 
keep abreast of birth defects epidemiology and work 
collaboratively with other surgeons, perinatologists, 
obstetricians and public health physicians. As a model 
for such cooperative endeavours, the organisation, 
previously termed the UK Children’s Cancer Study 
Group (UKCCSG), was led by collaborating 

paediatric oncologists and surgeons; they achieved 
remarkably high recruitment rates of paediatric cancer 
cases into  multicentre trials that helped transform 
clinical management. A similar consortium approach 
to birth defects and their surgical correction may 
allow paediatric surgeons to retain a central role in 
this evolving fi eld. Conversely, overlong adherence 
to single institution reporting may see the speciality 
sidelined as governments are advised by public health 
specialists and others on the pre- and post-natal man-
agement of birth defects. Given the opportunities gen-
erated by “Web 2.0”, the tools for such networked 
initiatives are within our grasp. As a beginning, the 
British Association of Paediatric Surgeons Congenital 
Anomalies Surveillance System (BAPS-CASS) has 
undertaken a year’s census of gastroschisis in the UK 
(that is, in part, a response to the UK Chief Medical 
Offi cer’s concerns about rising gastroschisis preva-
lence). Hence, as birth defects emerge as the leading 
cause of infant mortality, this project will help us 
establish how paediatric surgeons can work together to 
understand these human healthcare problems.
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2.1 Introduction

Paediatric surgeons are often called to counsel parents 
once a surgical abnormality is diagnosed on a prenatal 
scan. The referral base for a paediatric surgeon now 
includes the perinatal period. Expertise in surgical cor-
rection of congenital malformations may favourably 
infl uence the perinatal management of prenatally diag-
nosed anomalies by changing the site of delivery for 
immediate postnatal treatment; altering the mode of 
delivery to prevent obstructed labour or haemorrhage; 
early delivery to prevent ongoing fetal organ damage; 
or treatment in utero to prevent, minimise or reverse 
fetal organ injury as a result of a structural defect. 
Favourable impact of prenatal counselling has been 
confi rmed to infl uence the site of delivery in 37% of 
cases, change the mode of delivery in 6.8%, reverse 
the decision to terminate a pregnancy in 3.6% and 
infl uence the early delivery of babies in 4.5%.

Counselling parents about prenatally suspected 
surgically correctable anomalies should not be solely 
performed by obstetricians or paediatricians. Similarly 
the paediatric surgeon performing these prenatal 
consultations must be aware of differences between 
the prenatal and postnatal natural history of the 
anomaly. There is often a lack of understanding of the 
natural history and prognosis of a condition presen-
ting in the newborn and the same condition diagnosed 
prenatally.

The diagnosis and management of complex fetal 
anomalies require a team effort by obstetricians, neo-
natologists, genetecists, paediatricians and paediatric 
surgeons to deal with all the maternal and fetal 
complexities of a diagnosis of a structural defect. This 
team should be able to provide information to pros-
pective parents on fetal outcomes, possible interventions, 
appropriate setting, time and route of delivery and 
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expected postnatal outcomes. The role of the surgical 
consultant in this team is to present information 
regarding the prenatal and postnatal natural history of 
an anomaly, its surgical management and the long-
term outcome.

2.2 Congenital Malformation

Congenital malformations account for one of the major 
causes of perinatal mortality and morbidity. Single 
major birth defects affect 3% of newborns and multiple 
defects affect 0.7% of babies. The prenatal hidden 
mortality is higher since the majority abort spontane-
ously. Despite improvements in perinatal care, serious 
birth defects still account for 20% of all deaths in the 
newborn period and an even greater percentage of 
serious morbidity later in infancy and childhood. The 
major causes of congenital malformation are chromo-
somal abnormalities, mutant genes, multifactorial dis-
orders and teratogenic agents.

2.3 Prenatal Diagnosis

Prenatal diagnosis has remarkably improved our under-
standing of surgically correctable congenital malfor-
mations. It has allowed us to infl uence the delivery 
of the baby, offer prenatal surgical management and 
discuss the options of termination of pregnancy for 
seriously handicapping or lethal conditions. Antenatal 
diagnosis has also defi ned an in utero mortality for 
some lesions such as diaphragmatic hernia and sacro-
coccygeal teratoma so that true outcomes can be mea-
sured. Prenatal ultrasound scanning has improved 
since its fi rst use 30 years ago, thus providing better 
screening programmes and more accurate assessment 
of fetal anomaly. Screening for Down’s syndrome may 
now be offered in the fi rst trimester (e.g. nuchal scan 
combined test) or second trimester (e.g. Triple blood 
test). Better resolution and increased experience with 
ultrasound scans has led to the recognition of ultra-
sound soft markers that have increased the detection 
rate of fetal anomalies but at the expense of higher 
false positive rates.

Routine ultrasound screening identifi es anomalies 
and places these pregnancies in the high-risk categories 

with maternal diabetes, hypertension, genetic disorders, 
raised alpha fetoprotein, etc. High-risk pregnancies 
may be offered further invasive diagnostic investiga-
tions such as amniocentesis or chorionic villous 
sampling. Structural abnormalities diffi cult to defi ne 
on ultrasound such as hindbrain lesions or in the 
presence of oligohydramnios are better imaged on 
ultra fast magnetic resonance imaging. With the 
increasing range of options and sophistication of diag-
nostic methods, parents today are faced with more 
information, choice and decisions than ever before, 
which can create as well as help to solve dilemmas. 
The different tests and screening procedures com-
monly in use are outlined below.

2.3.1 Ultrasound Examination

Ultrasound scan is routinely performed at 18–20 weeks 
gestation as part of the prenatal screening for all preg-
nancies in England and Wales. Older mothers are rou-
tinely screened and in addition are offered invasive 
testing. Pregnancies with maternal risk factors such as 
raised alpha fetoprotein levels, genetic disorders and 
family history of chromosomal abnormalities or mono-
chorionic twins that carry a high risk for chromosomal 
anomalies are offered scans in the fi rst trimester. 
Abnormalities such as diaphragmatic hernia may be 
detected as early as 11 weeks of gestation. First trimes-
ter scans are also useful for accurately dating pregnan-
cies and defi ning chorionicity in multiple pregnancies.

More recently, nuchal translucency (NT) measure-
ments have emerged as an independent marker of chro-
mosomal abnormalities with a sensitivity of 60%, 
structural anomalies (particularly cardiac defects) and 
for some rare genetic syndromes. It involves measuring 
the area at the back of the fetal neck at 11–14 weeks of 
gestation (Fig. 2.1). The mechanisms by which some 
abnormalities give rise to this transient anatomical 
change of nuchal translucency are poorly understood. 
Although some abnormalities can be seen at the time of 
the nuchal scan (11–14 weeks), most are detected at the 
18–20 week anomaly scan. Some abnormalities such as 
gastroschisis have a higher detection rate on a scan than 
others, for example, cardiac abnormalities.

If the nuchal translucency measurement is increased 
and the karyotype is normal, there is a higher risk for a 
cardiac anomaly and these high-risk fetuses may be 
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referred for fetal echocardiography, which provides bet-
ter prenatal cardiac assessment than the routine screen-
ing scan. Ultrasound surveillance is essential during the 
performance of invasive techniques such as amniocente-
sis, CVS and shunting procedures. It is also useful for 
assessing fetal viability before and after such proce-
dures. Some abnormalities such as tracheo-oesophageal 
fi stula, bowel atresia, diaphragmatic hernia and hydro-
cephaly may present later in pregnancy and thereby may 
not be detected during the routine 18-weeks scan.

Overall, around 60% of structural birth defects are 
detected prenatally but the detection rate varies from 
0% (isolated cleft palate) to close to 100% (gastroschi-
sis) depending on the defect. True wrong diagnoses are 
rare but false positive diagnoses do occur; some are 
due to natural prenatal regression, but most are due to 
ultrasound “soft markers”.

Ultrasound “soft markers” are changes noted on 
prenatal scan that are diffi cult to defi ne. Examples 
are echogenic bowel, hydronephrosis and nuchal thick-
ening. Their presence creates anxiety among sonogra-
phers because the finding may be transient with 
no pathological relevance or may be an indicator of 
signifi cant anomalies such as chromosomal abnorma-
lities, cystic fi brosis (echogenic bowel), Down’s syn-
drome (nuchal thickening) or renal abnormalities 
(hydronephrosis). Once soft markers are detected, the 
dilemma faced by obstetricians is whether they should 
be reported or further invasive tests offered. Reporting 
these markers has increased detection rates at the 
expense of high false positive rates.

Ultrasound is routinely performed as a prenatal 
screening test. The reliability of the information 

obtained is dependent on the expertise and experience 
of the person performing the scan. In a recent study, 
congenital anomalies noted at birth were diagnosed on 
prenatal scan in 64% of cases with 0.5% opting for 
termination.

2.4 Invasive Diagnostic Tests

Amniocentesis and chorionic villous sampling (CVS) 
are the two most commonly performed invasive diag-
nostic tests.

2.4.1 Amniocentesis

Amniocentesis is commonly used for detecting chromo-
somal abnormalities and less often for molecular stud-
ies, metabolic studies and fetal infection. It is performed 
after 15 weeks of gestation and carries a low risk of fetal 
injury or loss (0.5–1%). Full karyotype analysis takes 
approximately 2 weeks but newer RAPID techniques 
using FISH (fl uorescent in situ hybridisation) or PCR 
(polymerase chain reaction) can give limited (usually 
for trisomies 21,18,13) results within 2–3 days.

2.4.2 Chorionic Villous Sampling (CVS)

CVS is the most reliable method for fi rst trimester 
diagnosis and may be performed at 10–14 weeks of 
gestation. The test involves ultrasound-guided biopsy 
of the chorionic villi. The added risk for fetal loss is 
approximately 1–2%. The samples obtained may be 
subjected to a variety of tests including full karyotype, 
rapid karyotyping (FISH—PCR), enzyme analysis or 
molecular studies. Approximate timing of chromo-
somal results is 1–2 weeks for karyotyping and 2–3 
days for FISH and PCR.

2.4.3 Prenatal Maternal Serum Screening

Interest in detecting circulating fetal cells in maternal 
blood for diagnostic purposes has grown since the 

Nuchal thickening 

Fig. 2.1 Nuchal translucency scan


