Journal of Advances in Medicine
and Medical Research

Journal of Advances in Medicine and Medical Research

34(23): 122-128, 2022; Article no.JAMMR.92502

ISSN: 2456-8899

(Past name: British Journal of Medicine and Medical Research, Past ISSN: 2231-0614,
NLM ID: 101570965)

Congenital Diaphragmatic Hernia: A Review of Its
Management

Rami M. Salama %, Hisham A. Almetaher 2, Ashraf A. Elattar 2,
Hisham F. Fayad ? and Sherif M. Shehata ?

% Section of Pediatric Surgery, Tanta University Hospital, University of Tanta, 31512 Tanta,
Al-Geish St., Egypt.

Authors’ contributions

This work was carried out in collaboration among all authors. All authors read and approved the final
manuscript.

Article Information
DOI: 10.9734/JAMMR/2022/v34i234845

Open Peer Review History:

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,
peer review comments, different versions of the manuscript, comments of the editors, etc are available here:
https://www.sdiarticle5.com/review-history/92502

Received 15 August 2022
Accepted 20 October 2022
Published 31 October 2022

Review Article

ABSTRACT

Congenital Diaphragmatic Hernia (CDH) is considered a defect in diaphragm development which
occurs congenitally, its incidence is about 1 in 2500 newborns. Major components of CDH are
increased pulmonary pressure with fetal circulation persistence, with significant reduction in lung
compliance and its tidal volume. Preoperative stabilization and optimization should preceed the
surgical repair which is done usually via laparotomy which is considered to be the standard
approach. Minimally invasive procedures for CDH repair provides the patient with the benefit of
less pain and avoidance of the consequences of thoracotomy or laparotomy compared with the
open repair strategy, inspite of prescence of disadvantages mainly from insufflation and CO,
absorption, but this can be controlled with lower CO, pressure, better insufflation instruments and
continuous monitoring of blood gases.

Keywords: Congenital diaphragmatic hernia; abnormal pathophysiology; laparotomy; thoracotomy;
surgical repair.

*Corresponding author: E-mail: ramisalama2020@gmail.com;



Salama et al.; JAMMR, 34(23): 122-128, 2022; Article no.JAMMR.92502

1. INTRODUCTION

1.1 Epidemiology

CDH prevalence ranges from 1: 1,200 to 1:
12,000 births [1-10]. This difference may be due
to deaths before referral which are not included.
Studies show that CDH incidene is 1: 2,107 to 1:
3,163 births [1,3-6,8].

In a study done by Torfs a more prevalence of
CDH had been detected in rural areas.

1.2 Research Directions

To enhance our knowledge of the abnormal
pathophysiology and challenges we face in CDH
cases.

To reach international consensus regarding the
time and type of surgical intervention for
treatment of congenital diaphragmatic hernia.

1.3 Embryological
Diaphragm

Development of the

The diaphragm is mesodermal in origin which
results from five embryonic structures fusion [11]:

1. A central part from Septum transversum.

2. Two membranous structures called pleuro-
peritoneal membranes.

3. Chest wall mesoderm.

4. Oesophageal mesentry.

5. Aortic surrounding mesoderm [12].

1.4 Anatomy of the Diaphragm

The diaphragm separates the abdomen from
thorax. It is composed of central aponeurotic part
and peripheral muscular part [13].

The muscular part is further divided to three
parts:

1. A vertebral portion which arises from the
crura and the arcuate ligaments.
Vertebrae.

2. A costal portion which arises from the
interior of the lower six ribs and costal
cartilages.

3. A sternal part which arises from the
deep surface of the xiphoid process of
sternum.

The muscular fibres converges and being
inserted centrally into central tendon which is
fused partially with the pericardium [13].

1.5 Diaphragmatic Arterial Supply

Inferior phrenic arteries which are aortic or celiac
axis branches gives the majority of
diaphragmatic arterial supply, pericardiophrenic,
internal thoracic , musculophrenic, superior
phrenic arteries and two branches from the
thoracic aorta also share in diaphragmatic
arterial supply [14].

1.6 Diaphragmatic Venous Drainage

Usually the venous drainage of the diaphragm
follows the arterial supply [15].

1.7 Diaphragmatic Lymphatic Drainage

Diaphragmatic lymph nodes which lies on its
superior surface can be divided into anterior,
middle, and posterior groups. They drain superior
hepatic surface, junction between oesophagus
and stomach, inferior diaphragmatic surface,
then these nodes drain superiorly to mediastinal,
parasternal nodes, posterior mediastinal and
brachiocephalic nodes [15].

1.8 Diphragmatic Nerve Supply
The peripheral portions of the diaphragm takes
sensory innervation from the 7th to the 12th

intercostal nerves [15].

Central part of diaphragm sensory nerve fibres
run in the phrenic nerve [13].

Motor supply of diaphragm arises from the
phrenic nerve (C3, C4, C5), [15].

1.9 Pathophysiology of
Diaphragmatic Hernia

Congenital

CDH pathophysiology consists mainly from pul-
monary hypertension together with persistent
fetal circulation with decreased lung compliance
and tidal volume. Surfactant deficiency is another
aspect in CDH pathophysiology [16-19].

Reduction in total alveolar number and lung
volume results in lower tidal volume [20-23].

Reduction in the diameter and number of arterial
branches, hypermuscularization of the arteries,

amplified arterial reactivity and reduced
nitric oxide synthesis results in significant
increase in pulmonary vascular resistance
[24,25].
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Increased pulmonary vascular resistance results
in pulmonary hypertension [25-27] which results
in decreased lungs total blood flow with
increased right ventricular end-diastolic pressure,
right-to-left and persistent fetal circulation [26,
28]. These events results in hypercapnia,
hypoxemia and acidosis, which induces further
pulmonary vasoconstriction with pulmonary
hypertension  worsening  with  subsequent
increase in persistence of the fetal circulation
and so on, which results in a vicious circle
[25,29].

After  birth, deterioration of the baby
hemodynamic status with right sided heart
overload and potential failure [30-32].

Mediastinal deviation by the herniated content
may reduce the cardiac venous return with more
worsening of hemodynamic status [33].

1.10 CDH Clinical Manifestations:

Respiratory distress in the first 24 hours afterbirth
is considered the main clinical manifestation.
Tachypnea, subcostal, sternal, and
supraclavicular retraction may be present. Pallor
and Cyanosis may also be present. Scaphoid
abdomen is wusually present because of
abdominal viscera herniation into the chest [34].

Asymmetrical and larger hemithorax, diminished
or absent respiratory sounds with prescence of
bowel sounds may be present on the ipsilateral
hernial side may be present. Shifted trachea and
heart sounds to the contralateral side or in the
middle of chest also may be present.
Hemodynamic instability with arterial hypotension
due to prescence of pulmonary hypertension
[35].

Growth  retardation, Sudden death, GIT
perforation or strangulation, airway infections or
recurrent pneumonias, rupture of a herniated
spleen, chest pain, urinary tract obstruction due
to ureteric herniation and obstruction, acute
abdomen, vomiting, intrathoracic appendicitis,
and other rare presentations [34,36,37].

1.11 CDH Diagnosis

Most of CDH cases are being diagnosed
antenatally, during routine ultrasound [38].
Polyhydramnios due to reduction in amniotic fluid
volume swallowed by the fetus [18,19]. The
hernial content detected by prenatal ultrasound
can move in and out of the chest [39].

A plain chest radiograph postnatally is usually
enough to confirm the CDH diagnosis. Bowel
loops within the hemithorax, mediastinal
deviation to the contralateral side, and absent or
decreased abdominal gas may be present [40].

2. Treatment
2.1 Surgery
2.1.1 Timing of Operation

CDH repair is no longer considered an
emergency procedure [41]. A delay of the
operative repair until haemodynamic stability of
the infant is achieved started since the early
1990s [42,43]. No mortality rate significant
difference had been found in studies compared
early vs late repairs, including two randomized
trials of early (<12 hours) versus delayed repair
after 24 hours [44] and after 96 hours [45].

So, CDH repair is usually delayed until achieving
cardiopulmonary stability, although the accurate
definition of haemodynamic stability remains
variable and inconsistent from centre to another
[46].

In 1995, Wung et al. revealed advantages with a
delayed repair for CDH [42]. Repair had not been
performed until the pre- and postductal SpO2
equalized and resolved right-to-left shunting on
echocardiogram. survival was 94% with an
average of 4.2 days after birth before
operation. Overall survival of 84% had been
achieved  with  spontaneous  respiration,
permissive hypercapnia, and elective repair after
36 hours of life [47].

2.1.2 Operative Approach

Open repair of CDH can be done by thoracic or
abdominal approach. Laparotomy advantages
include intrathoracic viscera easier reduction,
diaphragmatic posterior rim mobilization, easier
management of associated intestinal rotational
anomalies, and avoidance of thoracotomy related
musculoskeletal deformities. Most (91%) of
neonatal repairs for CDH are being performed
through a subcostal laparotomy incision [48,49].
Less than 10% are being done through a
thoracotomy. The herniated abdominal viscera
should be reduced out of the thorax giving
special attention to the spleen that can be injured
[50].

The surgeon should avoid any respiratory
compromise and if occured abdomen should be
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left open. [51]. Temporary closure can be done
using a prosthetic silo or the skin. A trial of
delayed closure, should be attempted after
resolving of the edema or increased intra-
abdominal domain [52].

Chest tubes routine usage after CDH repair to
drain pleural fluid has been abandoned [53,54].
Chest tubes can cause injury to the lung
especially if it had been connected to suction.
[55].

If needed chest tubes should be placed to water
seal. Repeated thoracocentesis can been done
to treat symptomatic pleural fluid and should be
removed early to avoid infectious complications.

2.2 Minimally Invasive Repair

Several morbidities seen after open repair of
congenital diaphragmatic hernia pushed the
surgeons to search for minimal invasive surgical
(MIS) techniques. Both laparoscopic and
thoracoscopic techniques had been performed
and utilized worldwide since 1995 in many
centers [56]. Minimally invasive surgical
techniques had been used for both primary
prosthetic patch repairs with supposed benefits
of avoidance of thoracotomy-associated
complications, less postoperative pain, and
reduction of surgical stress [57,58].

The suggested benefits of Minimally invasive
repairs had been questioned due to: (1)
Absorption the CO2 insufflation gas in CDH
neonates [59,60]; and (2) Increased intrathoracic
pressure which may decrease venous return,
organs perfusion, and pulmonary volumes. The
added difficulty of lung hypoplasia, Pulmonary
hypertension increase the challenges faced by
MIS.

Acidosis and hypercapnia may wosen the right to
left pulmonary shunting. Careful selection of
patient is a must for a safe completion of
minimally invasive repair [61].

Congenital diaphragmatic hernia repair using
Robot has been shown to be safe due to benefits
of articulating instruments free movements for
suturing [62].

2.3 Diaphragmatic Alternatives
2.3.1 Nonabsorbable patches

Synthetic patches: Gore-Tex or
polytetrafluoroethylene or Marlex are commonly

being used as diaphragmatic alternatives for
neonates with large defects [63]. Shorter time for
preparation, Immediate availability; ease of
reshaping for adequate fitting into the
diaphragmatic defect; low risk of hemorrhage
and lesser extent of dissection of tissues are
considered important advantages for these types
of diaphragmatic replacements [64].

Chest wall tethering, increased intestinal
obstruction incidence, deformities of abdominal
wall, splenectomy, patch infections can be
considered disadvantages for these types of
diaphragmatic replacements [63,65].

2.3.2 Postoperative Care

Mild support with flow synchronization by
ventilator should be used [66-68].

Intravenous fluids given to the baby should be
controlled with monitoring of the degree of
hydration of the baby [69].

If a chest tube had been placed, it should be
connected to under water seal [42].

Gastrointestinal obstruction resulting from gastric
volvulus, adhesions or volvulus of the midgut can
occur, so close follow up of the baby
postoperatively should be done. Other complica-
tions include chylothorax and chylous ascites, for
them a TPN based treatment should be used and
medium chained triglycerides feedings [70].

3. CONCLUSION

Congenital diaphragmatic hernia is a congenital
diaphragmatic defect which occurs during its
development with an incidence of 1: 2500
newborns. Majority of Congenital diaphragmatic
hernia babies are symptomatic within the first 24
hours of life. On the other hand Congenital
diaphragmatic hernia can manifest at any age or
even not detected until later life, or never been
diagnosed. Surgical repair is the main stem of
Congenital diaphragmatic hernia repair. Surgery
should be delayed after stabilization of
haemodynamic status. So, Congenital
diaphragmatic hernia is considered a neonatal

rather than surgical emergency. Congenital
diaphragmatic  hernia can be repaired
thoracoscopically with excellent results in

selected and stabilized cases. CDH patients
treated by MIS should benefit from less pain and
incisional complications, avoidance of the
disadvantages of laparotomy thoracotomy with
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reduced surgical stress compared with traditional

open
disadvantages mainly from CO,

repair, although there are specific

absorption

during insufflation, yet improved recently with

lower

CO, pressure and better quality of

insufflation.

CONSENT

It is not applicable.

ETHICAL APPROVAL

It is not applicable.

COMPETING INTERESTS

Authors have declared

that no competing

interests exist.

REFERENCES

1.

10.

Butler N, Claireaux A. Congenital
diaphragmatic hernia as a cause of
perinatal mortality. The Lancet. 1962;
279(7231):659-663.

Touloukian RJ, Cole D. A state-wide
survey of index pediatric surgical
conditions. J Pediatr Surg. 1975;10(5):725-
32.

David TJ, lllingworth CA. Diaphragmatic
hernia in the south-west of England. J Med
Genet. 1976;13(4):253-62.

Czeizel A, Kovacs M. A family study of
congenital diaphragmatic defects. Am J
Med Genet. 1985;21(1):105-17.

Leck I, et al, The incidence of
malformations in Birmingham, England,
1950-1959. Teratology. 1968;1(3):263-80.
Sarda P, et al. Epidemiology of
diaphragmatic hernia in Languedoc-
Roussillon. Genetic Counseling (Geneva,
Switzerland). 1991;2(2):77-81.

Wenstrom KD, Weiner CP, Hanson JW. A
five-year  statewide experience  with
congenital diaphragmatic hernia. American
Journal of Obstetrics and Gynecology.
1991;165(4):838-842.

Torfs CP, et al. A population-based study
of congenital diaphragmatic hernia.
Teratology. 1992;46(6):555-65.

Group, T.C.D.H.S., Estimating disease
severity of congenital diaphragmatic hernia
in the first 5 minutes of life. Journal of
Pediatric Surgery. 2001;36(1):141-145.
Yang W, et al. Epidemiologic
characteristics of congenital diaphragmatic

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

126

hernia among 2.5 million California births,
1989-1997. Birth Defects Research Part
A: Clinical and Molecular Teratology.
2006;76(3):170-174.

Korner F. Uber die Muskularisierung des
Zwerchfells. Zeitschrift fur Anatomie und
Entwicklungsgeschichte. 1938;109(2):282-
292.

Kronfli R. The Diaphragm, in Clinical
Embryology. Carachi R, Doss SHE.
Editors. Springer International Publishing:
Cham. 2019;297-301.

Insull  P. Clinical anatomy: Applied
anatomy for students and junior doctors.
11th edition - by Harold Ellis. ANZ Journal
of Surgery. 2007;77(10):911-912.

Irvine CD. Surgical anatomy and technique
pocket manual. 2nd ed. Skandalakis JE,
Skandalakis PN, Skandalakis LJ.203 x 133
mm. Pp. 718. lllustrated. 2000. New York:
Springer. British Journal of Surgery. 2000;
87(11):1597-1597.

Skandalakis LJ, Skandalakis JE, Surgical
Anatomy and Technique. 2009, Springer.
Blackburn W. Congenital diaphragmatic
hernia: Studies of lung composition and
structure. Am Rev Respir Dis. 1977;115:
275.

Wigglesworth J, Desai R, Guerrini P. Fetal
lung  hypoplasia:  Biochemical and
structural variations and their possible
significance. Archives of Disease in
Childhood. 1981;56(8):606-615.

Hisanaga S, et al. Unexpectedly low
lecithin/sphingomyelin  ratio associated
with fetal diaphragmatic hernia. Am J
Obstet Gynecol. 1984;149(8):905-6.

Asabe K, et al. Immunohistochemical
distribution of surfactant apoprotein-A in
congenital diaphragmatic hernia. J Pediatr
Surg. 1997;32(5):667-72.

Kitagawa M, et al. Lung hypoplasia in
congenital  diaphragmatic  hernia. A
guantitative study of airway, artery, and
alveolar development. Br J Surg. 1971;
58(5):342-6.

Bohn D, et al. Ventilatory predictors of
pulmonary hypoplasia in  congenital
diaphragmatic  hernia, confirmed by
morphologic assessment. The Journal of
Pediatrics. 1987;111(3):423-431.

Beals DA, et al., Pulmonary growth and
remodeling in infants with high-risk
congenital diaphragmatic hernia. J Pediatr
Surg. Discussion 1001-2. 1992;27(8):997-
1001.



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Salama et al.; JAMMR, 34(23): 122-128, 2022; Article no.JAMMR.92502

Areechon W, Reid L. Hypoplasia of lung
with congenital diaphragmatic hernia. Br
Med J. 1963;1(5325):230-3.

Levin DL. Congenital diaphragmatic
hernia: a persistent problem. The Journal
of Pediatrics. 1987;111(3):390-392.
Nobuhara KK, Wilson JM. Pathophysiology
of congenital diaphragmatic hernia. Semin
Pediatr Surg. 1996;5(4):234-42.

Dibbins AW. Congenital diaphragmatic
hernia: Hypoplastic lung and pulmonary
vasoconstriction. Clin Perinatol. 1978;5(1):
93-104.

Haller Jr JA, et al. Pulmonary and ductal
hemodynamics in studies of simulated
diaphragmatic hernia of fetal and newborn
lambs. Journal of Pediatric Surgery. 1976;
11(5):675-680.

Weinstein S, Stolar CJ. Newborn surgical
emergencies. Congenital diaphragmatic
hernia and extracorporeal membrane
oxygenation. Pediatr Clin North Am. 1993;
40(6):1315-33.

Collins DL, et al. A new approach to
congenital posterolateral diaphragmatic
hernia. Journal of Pediatric Surgery. 1977,
12(2):149-156.

Mohseni-Bod H, Bohn D. Pulmonary
hypertension in congenital diaphragmatic
hernia. In Seminars in Pediatric Surgery;
2007 Elsevier.

Dibbins AW. Neonatal diaphragmatic
hernia:A physiologic challenge. Survey of
Anesthesiology. 1977;21(1):63-64.

Hill AC, et al., Fetal lamb pulmonary
hypoplasia:  Pulmonary vascular and
myocardial abnormalities. The Annals of
thoracic surgery. 1994;57(4):946-951.
Pittinger TP, Sawin RS. Adrenocortical
insufficiency in infants with congenital
diaphragmatic hernia: A pilot study. J
Pediatr Surg. 2000;35(2):223-5.

Discussion 225-6.

Osebold WR, Soper RT. Congenital
posterolateral diaphragmatic hernia past
infancy. Am J Surg. 1976;131(6):748-54.
Giacoia GP. Right-sided diaphragmatic
hernia associated with superior vena cava
syndrome. Am J Perinatol. 1994;11(2):129-
31.

Amirav |, Kramer SS, Schramm CM.
Radiological cases of the month. Delayed
presentation of congenital diaphragmatic
hernia. Arch Pediatr Adolesc Med. 1994,
148(2):203-4.

Barker DP, et al., Bilateral congenital
diaphragmatic hernia--delayed presenta-

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

127

tion of the contralateral defect. Arch Dis
Child. 1993;69(5):543-4.

Wilson JM, et al. Antenatal diagnosis of
isolated congenital diaphragmatic hernia is
not an indicator of outcome. Journal of
Pediatric Surgery. 1994;29(6):815-819.
Adzick NS, et al. Diaphragmatic hernia in
the fetus: Prenatal diagnosis and outcome
in 94 cases. J Pediatr Surg. 1985;20(4):
357-61.

Bohn D. Congenital diaphragmatic hernia.
American journal of respiratory and critical
care medicine. 2002;166(7):911-915.
Harting  MT, Lally KP.  Surgical
management of neonates with congenital
diaphragmatic hernia. in Seminars in
Pediatric Surgery; 2007 Elsevier.

Wung J, et al., Congenital diaphragmatic
hernia: survival treated with very delayed
surgery, spontaneous respiration, and no
chest tube. Journal of Pediatric Surgery.
1995;30(3):406-409.

Bohn D. Congenital diaphragmatic hernia.
Am J Respir Crit Care Med. 2002;166(7):
911-5.

Nio M, et al., A prospective randomized
trial of delayed versus immediate repair of
congenital diaphragmatic hernia. J Pediatr
Surg. 1994;29(5):618-21.

De la Hunt MN, et al., Is delayed surgery
really better for congenital diaphragmatic
hernia?: A prospective randomized clinical
trial. Journal of Pediatric Surgery. 1996;
31(11):1554-1556.

Reyes C, et al, Delayed repair of
congenital diaphragmatic hernia with early
high-frequency  oscillatory  ventilation
during preoprative stabilization. Journal of
Pediatric Surgery. 1998;33(7):1010-1016.
Boloker J, et al., Congenital diaphragmatic
hernia in 120 infants treated consecutively
with permissive hypercapnea/spontaneous
respiration/elective repair. J Pediatr Surg.
2002;37(3):357-66.

Tsao K, et al., Minimally invasive repair of
congenital diaphragmatic hernia. J Pediatr
Surg. 2011,;46(6):1158-64.

Clark RH, et al, Current surgical
management of congenital diaphragmatic
hernia: A report from the congenital
diaphragmatic hernia study group. Journal
of Pediatric Surgery. 1998;33(7):1004-
10009.

Puri P. Congenital diaphragmatic hernia.
Curr Probl Surg. 1994;31(10):787-846.
Schnitzer JJ, et al, Experience with
abdominal wall closure for patients with



52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Salama et al.; JAMMR, 34(23): 122-128, 2022; Article no.JAMMR.92502

congenital diaphragmatic hernia repaired
on ECMO. Journal of Pediatric Surgery.
1995;30(1):19-22.

Rana AR, et al.,, Salvaging the severe
congenital diaphragmatic hernia patient: is
a silo the solution? Journal of Pediatric
Surgery. 2008;43(5):788-791.

Bagolan P, et al, Impact of a current
treatment protocol on outcome of high-risk
congenital diaphragmatic hernia. J Pediatr
Surg. 2004;39(3):313-8. Discussion 313-8.
Wung JT, et al., Congenital diaphragmatic
hernia: Survival treated with very delayed
surgery. spontaneous respiration, and no
chest tube. Journal of Pediatric Surgery.
1995;30(3):406-409.

Cheah FC, et al., Chylothorax after repair
of congenital diaphragmatic hernia--a case
report. Singapore Med J. 2000;41(11):548-
9.

Tsao K, Lally PA, Lally KP. Minimally
invasive repair of congenital diaphragmatic
hernia. Journal of Pediatric Surgery. 2011;
46(6):1158-1164.

Shah SR, et al., Multimedia article.
Thoracoscopic patch repair of a right-sided
congenital diaphragmatic hernia in a
neonate. Surg Endosc. 2009;23(1):215.
Holcomb Il GW, Ostlie DJ, Miller
KA. Laparoscopic patch repair of
diaphragmatic  hernias with  Surgisis.
Journal of Pediatric Surgery. 2005;40(8):
el-e5.

McHoney M, et al., Thoracoscopic repair
of congenital diaphragmatic  hernia:
intraoperative ventilation and recurrence.
Journal of Pediatric Surgery. 2010;45(2):
355-359.

Pacilli M, et al.,, Absorption of carbon
dioxide during laparoscopy in children
measured using a novel mass
spectrometric technique. British Journal of
Anaesthesia. 2006;97(2):215-219.

Bliss D, Matar M, Krishnaswami S. Should
intraoperative hypercapnea or hypercarbia

62.

63.

64.

65.

66.

67.

68.

69.

70.

raise concern in neonates undergoing
thoracoscopic repair of diaphragmatic
hernia  of Bochdalek? Journal of
Laparoendoscopic & Advanced Surgical
Techniques. 2009;19(1):s55-s58.

Slater BJ, Meehan JJ. Robotic repair of
congenital diaphragmatic anomalies. J
Laparoendosc Adv Surg Tech A. 2009:
191(1):S123-7.

Moss RL, Chen CM, Harrison MR.
Prosthetic patch durability in congenital
diaphragmatic hernia: A long-term follow-
up study. J Pediatr Surg. 2001;36(1):152-
4,

Lally KP, Cheu HW, Vazquez WD.
Prosthetic diaphragm reconstruction in the
growing animal. J Pediatr Surg. 1993;
28(1):45-7.

Peter SDS, et al., Abdominal complications
related to type of repair for congenital
diaphragmatic hernia. Journal of Surgical
Research. 2007;140(2):234-236.

Wilson JIM, et al., Congenital
diaphragmatic hernia--A tale of two cities:
The Boston experience. J Pediatr Surg.
1997;32(3):401-5.

Nakayama DK, Motoyama EK, Tagge EM.
Effect of preoperative stabilization on
respiratory system compliance and
outcome in newborn infants with congenital
diaphragmatic hernia. J Pediatr, 1991,
118(5):793-9.

Sakai H, et al., Effect of surgical repair on
respiratory mechanics in  congenital
diaphragmatic hernia. J Pediatr. 1987,
111(3):432-8.

Schnitzer JJ, et al., Experience with
abdominal wall closure for patients with
congenital diaphragmatic hernia repaired
on ECMO. J Pediatr Surg. 1995;30(1):19-
22.

Lund DP, et al.,, Congenital diaphragmatic
hernia: The hidden morbidity. J Pediatr
Surg, Discussion 262-4. 1994;29(2):258-
62.

© 2022 Salama et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/92502

128


http://creativecommons.org/licenses/by/4.0

