
C
a

A
D
A
a

I
b

B
c

d

e

a

A
R
R
A
A

K
C
C
D
T

1

t
t
d
i
[

o
P

h
2
c

CASE  REPORT  –  OPEN  ACCESS
International Journal of Surgery Case Reports 48 (2018) 34–37

Contents lists available at ScienceDirect

International  Journal  of  Surgery  Case  Reports

journa l homepage: www.caserepor ts .com

ongenital  diaphragmatic  disease:  An  unusual  presentation  in
dulthood.  Case  report

ngela  Gurrado a,∗,  Roberta  Maria  Isernia a,  Alessandro  De  Luca a, Valentina  Ferraro a,
aniela  Virgintino b,  Anna  Napoli c,  Giuseppe  Cavallaro d, Eugenio  Maiorano c,
ngela  Pezzolla e,  Mario  Testini a

Department of Biomedical Sciences and Human Oncology, Unit of Endocrine, Digestive and Emergency Surgery, University Medical School “A. Moro”, Bari,
taly
Department of Basic Medical Sciences, Neurosciences, and Sensory Organs, Human Anatomy and Histology Unit, University Medical School “A. Moro”,
ari,  Italy
Department of Pathology, University Medical School “A. Moro”, Bari, Italy
Department of Surgery “P. Valdoni”, Sapienza University, Rome, Italy
Department of Emergency and Organs Transplantation, University Medical School “A. Moro”, Bari, Italy

 r  t  i  c  l e  i  n  f  o

rticle history:
eceived 31 December 2017
eceived in revised form 24 April 2018
ccepted 29 April 2018
vailable online 7 May  2018

eywords:
ase report
ongenital diaphragmatic disease
iaphragmatic hernia
oxic megacolon

a  b  s  t  r  a  c  t

INTRODUCTION:  Congenital  diaphragmatic  disease  is  a quite  common  condition  that  usually  occurs  in  the
neonatal period,  and  the diagnosis  of  congenital  diaphragmatic  disease  in  adulthood  is  rare.
CASE  PRESENTATION:  A  64-years-old  Caucasian  woman  was  admitted  in  emergency  at  our Department,
due  to  a bowel  obstruction  and  dyspnea.  A  CT-scan  showed  a diaphragmatic  herniation  in  the  left area,
with  malposition  of  dilated  transverse  and  descending  colon  in  the chest.  An emergency  laparatomy
was  performed,  showing  a toxic megacolon,  in  the  absence  of  a true  diaphragmatic  hernia,  and  a  left
diaphragm  and  left  liver  hypoplasia.  An intraoperative  bronchoscopy  revealed  concomitant  hypoplasia
of  the  left  lung.  A subtotal  colectomy  with  ileo-rectal  anastomosis  was  performed.  The  postoperative
course  was  uneventful.  Histological  examination  demonstrated  hyperplasia  of the  muscularis  mucosae  of
the  colon  and cytoplasmic  vacuolization  of  the  Auerbach  plexus  ganglia.  The  karyotype  genetic  analysis
excluded  concomitant  microdeletion  or duplication  syndromes.
DISCUSSION:  To our  knowledge,  this  seems  to be  the  first  reported  case  of  toxic  megacolon  in a  patient
with  congenital  hypoplasia  of the left  bronchial-lung  system,  of  the  left  liver, and  of the left  diaphragm.

CONCLUSION:  The  correct  development  of the  diaphragm  is  essential  for the  neighboring  organs.  The
observed  clinical  pattern  could  be  related  to a partial  modification  of  neural  crest  cell  detachment  or
migration,  which  could  be  responsible  for bowel  and  diaphragm  defects,  even  though  it was  not  included
in typical  neural  crest  cell  syndromes.  Further  researches  should  be performed  in  order  to  define  the
sporadic or  syndromic  source  of these  multiorgan  defects.

©  2018  The  Authors.  Published  by Elsevier  Ltd  on  behalf  of IJS  Publishing  Group  Ltd.  This  is an  open
access  article  under  the CC BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
. Introduction

Congenital diaphragmatic disease is a quite common condition
hat usually occurs in the neonatal period, with an incidence of less
han one per 25,000 births [1]; therefore the diagnosis of congenital

iaphragmatic disease in adulthood is rare. In some cases, congen-

tal diaphragmatic disease can be a late presenting event (5–25%)
2], sometimes detected as an incidental findings by routine chest
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x-ray or abdomen US. Usually, the diagnosis in adults is related to
symptoms due to complications, such as respiratory failure, gastric
volvulus, bowel occlusion, or perforation, with peritonitis or necro-
sis [3]. The survival of patients with the late-presenting congenital
diaphragmatic disease showed a good outcomes [2], despite the
prognosis may  be compromised due to complications. Congenital
diaphragmatic diseases are currently considered in one of several
“classical” sites, such as postero-lateral (Bochdalek), anterior (Mor-
gagni), and central and anterior (Cantrell) localizations [4].

To assess the genetic contribution of diaphragmatic defects is

quite complex; even though the gene identification facilitates the
understanding of the genotype framework and the phenotype out-
come, the real pathogenetic pathways of congenital diaphragmatic
disease is still largely unknown.
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Fig. 1. Thorax-abdominal CT-scan showed a diaphragmatic herniation of the left
side  with malposition of dilated transverse and descending colon in the chest. In
addition to this consensual complete atelectasis of the medial-basal part of the lung,
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Fig. 2. The transverse and left large bowel, as well as, the spleen appeared malpo-
sitioned in the left chest, in the presence of the lifting of hypoplastic left diaphragm

trachea [11]. The lung mesenchyme, instead, originates from the
nd a right deviation of the mediastinal structures.

We  report a case of a 64-year-old woman treated in emergency
t our Academic Department for toxic megacolon, with intraoper-
tive diagnosis of hemidiaphragm hypoplasia. The work has been
eported in line with the SCARE criteria [5].

. Presentation of case

A 64-years-old Caucasian woman was admitted in emergency
ith dyspnea and persistent respiratory failure, cough, general
eakness, nausea, bowel not open with abdominal distention and

evere pain. The patient showed also intellectual disability, asso-
iated with an unusual facial appearance, a heterochromia iridum
nd a monolateral corneal defect, disproportionate short stature
nd retarded skeletal maturation, in addition a history of chronic
onstipation; nevertheless, this cohort of clinical signs was  not
ncluded in the known classical congenital syndromes.

Blood exams were normal, except for a moderate hydro-
lectrolyte disorder; the hemogasanalysis demonstrated a severe
ypoxia. A chest X-ray, confirmed by thorax-abdominal CT-scan
Fig. 1), showed a probably diaphragmatic herniation of the left
ide; in the chest was present the malposition of the extremely
ilated transverse and descending colon. In addition to this con-
ensual complete atelectasis of the medial-basal part of the lung,
nd a right deviation of the mediastinal structures. A toxic mega-
olon was also supposed. Moreover, the left hepatic lobe was  not
adiologically detectable.

Therefore, consent was obtained and an emergency laparatomy
as performed, confirming the preoperative diagnosis of toxic
egacolon, with marked distention of the colon (diameter > 10 cm)

n the absence of a true diaphragmatic hernia. The transverse and
eft large bowel, as well as, the spleen appeared malpositioned,
ndeed, in the left chest, in the presence of the lifting of hypoplastic
eft diaphragm, and not of the herniation through a diaphragmatic
olution of continuity (Fig. 2). Furthermore, the abdominal explo-
ation showed hypoplasia of the left hepatic lobe, and a dysmorphic
allbladder. An intra-operative broncoscopy with Carlens’s tube
evealed hypoplasia of the left bronchial system and the absence of
he left basal lobe.

A sub-total colectomy with mechanical ileo-rectal anastomosis,
plenectomy, and temporary ileostomy were performed. Histo-
ogical examination demonstrated a marked hyperplasia of the
uscularis mucosae of the colon and cytoplasmic vacuolization
f the Auerbach plexus ganglia. The karyotype genetic analysis
xcluded concomitant microdeletion or duplication syndromes.
indicated by the arrow, and not of the herniation through a diaphragmatic solution
of  continuity.

The postoperative course was uneventful and the patient was
discharged on the 10th post-operative day. Two  months after the
first operation the patient underwent ileostomy closure.

3. Discussion

To our knowledge, this is the first reported case of toxic
megacolon in a patient with congenital hypoplasia of the left
bronchial-lung system, of the left liver, with dysmorphism of the
gallbladder, and of the left diaphragm. In the current case, we  sus-
pected an origin of the congenital diaphragmatic disease to be
different from the common congenital diaphragmatic hernia; as
it seemed to be related to a multi-organ embryological mistake of
development.

The diaphragmatic muscle is a complex structure that develops
around the third-fourth month of gestation from several embry-
onic structures: the septum trasversum sets into a central tendon;
the pleuro-peritoneal membranes form the muscular components;
consequently, the diaphragm external border takes its origin from
mesodermal tissues of the thoracic wall [6–8]. Finally, the left and
the right crura develop from the dorsal esophageal mesentery, and
they are included in the dorso-medial part of the dome shaped
muscle [9,10].

Correct development of the diaphragm is essential for the neigh-
boring organs. In the third week of gestation, the foregut endoderm
differentiates into epithelial cell types that form the lungs and the
lateral plate of the mesoderm, and develops into several lung com-
ponents, including connective tissue, smooth muscle surrounding
the airways and blood and lymphatic vessels, tracheal cartilages
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nd pleura. In particular, the lung begins to grow as a ventral
utpouching on the floor of the primitive foregut and their devel-
pment may  be divided into two phases: (1) embryonic, which
orresponds to formation of bronchial buds, and (2) fetal, which
ncludes four stages, pseudoglandular, acinar/canalicular, saccular,
nd alveolar [11].

Many factors may  influence the normal lung development,
ncluding the normal fetal breathing movements [12,13], the
ppropriate volumes of extra- and intrapulmonary fluids, the pul-
onary blood flow, and, in particular, an adequate intrathoracic

pace [14,15]. During the phase of lung formation (8th–28th week
f fetal development), the branches of bronchial buds form the res-
iratory trees. Around the 10th week, the midgut retracts into the
bdomen and rotates.

In this reported case, we suppose that, during these weeks of
etal development, the large intestine, still not fixed to the body

all and under the pressure of the others growing organs (mainly
he liver and the elongating ileum), grows towards the left tho-
acic cavity, partially invading it and inhibiting the normal lung
rowth, due to the hemidiaphragm hypoplasia. The pathogenetic
ypothesis, therefore, to explain the reported left bronchial system
ypoplasia was due to the lack of space for the lung germ to spread
ut, caused by compression from underneath bowel mass. The lat-
er, the diaphragm may  have been stretched over time and reduced
o a thin rim of tissue, mostly fibrotic at gross inspection, unable to
erform the muscular functions.

Considering the liver development [16], the first morphologi-
al sign is formation of the hepatic diverticulum, constituted by an
pithelial thickening of the ventral foregut, adjacent to the devel-
ping heart. The anterior portion of the hepatic diverticulum gives
ise to the liver and intrahepatic biliary tree, while the posterior
ortion forms the gallbladder and extra-hepatic bile ducts. The
epatic endodermal cells, known as hepatoblasts, delaminate from
he epithelium and invade the adjacent septum transversum mes-
nchyme to form the liver bud. Consequently, the correct growth of
he liver depends on the correct position of all surrounding organs,
n particular of the diaphragm [17].

In the current case, therefore, the hypoplastic left lobe of the
iver and the dysmorphic gallbladder may  be the result of incorrect
evelopment from an originally unaltered embryonic liver, because
f hypoplastic or a malpositioned diaphragm.

Considering that, an alternative pathogenetic hypothesis, could
ut together the observed diaphragmatic hypoplasia and the pres-
nce of megacolon, regards a possible defect in neural crest cells
igration. The alteration of this phenomenon was involved in sev-

ral well known syndromes, likewise Peters anomaly [18], but it
ay  also include a variable degree of mental retardation, unusual

acial appearance, eye defects, disproportionate short stature,
etarded skeletal maturation, and visceral anomalies. In addition
o this an unusual facial appearance, our patient presented a het-
rochromia iridum and a monolateral corneal defect, which are
holly suggestive of a Peter’s like anomaly. The observed clinical

attern could be related to a partial modification of neural crest
ell detachment or migration, then responsible for both bowel and
iaphragm defects, although it was not included in typical neural
rest cell syndromes. This hypothesis is supported by the histolog-
cal report of the Auerbach plexus ganglia alteration and by recent
ata [19,20] on diaphragmatic development.

It has been recently demonstrated, indeed, that, in early mouse
mbryos, the alpha4-Integrin is expressed in a subset of neural crest
ells and in epicardial progenitor cells [19]; in addition, this gene is
nvolved in the development of septum transversum. This suggests

he role of the subset of neural crest cells of septum trasnsversum to
rovide the muscle and tendon components of the adult diaphragm
20].
PEN  ACCESS
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4. Conclusion

To summarize, the described multiorgan alterations could have
been founding their origin in the hypoplasia and malposition of
the left hemidiaphragm, maybe sustained by or associated with an
alteration of the neural crest cells migration during the embryolog-
ical development.

Congenital diaphragmatic disease could be caused by several
genetic alterations, though their originals molecular and genetic
pathways are mostly unknown. The diagnosis could be rarely
achieved in the adulthood, because of the absence of symptoms, but
the morbidity could increase dramatically when triggering events
occur, such toxic megacolon in the current case, thus revealing
other possible embryonic developmental alterations.
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