
Ganesh Elumalai and Kelly Deosaran / Elixir Embryology 100 (2016) 43723-43728 43723 

Introduction 

The diaphragm is the dome-shaped sheet made up of 

muscle and tendon that serves as the main muscle of 

respiration. It plays a vital role in the course of breathing [1-

2]. It‟s known as the thoracic diaphragm which serves as an 

important anatomical landmark that separates the thorax or 

chest from the abdomen [2-4]. Origins of the diaphragm can 

be found along the lumbar vertebrae of the spine and also the 

inferior border of the ribs and sternum. There are openings in 

the diaphragm which allows the esophagus, phrenic and vagus 

nerves, descending aorta and inferior vena cava to pass 

between the thoracic and abdominal cavities [3-5].  

Structurally, the diaphragm consists of two parts. These 

include the peripheral muscle and central tendon. The 

peripheral muscle is made up of many radical muscle fibers 

(originating on the ribs, sternum and spine) it joins on the 

central tendon [5-8].  The central tendon (a flat aponeurosis 

that‟s made up of collagen fibers) acts as the strong insertion 

point of the muscles. When oxygen is inhaled into the lungs, 

the diaphragms muscle contract and thus pull the central 

tendon inferiorly into the abdominal cavity [9].  

As this is happening, the thorax enlarges and allows air to 

inflate the lungs. The peripheral muscle can then be further 

divided into the sternal, coastal and lumbar regions [8-10]. 

Two small muscular segments that attach to the posterior 

aspect of the xiphiod process makes up the sternal region. The 

coastal region is made up of several wide muscle segments 

whose origins are found on the internal surface of the inferior 

six ribs and the coastal cartilages. The origins of the lumbar 

region are on the lumbar vertebra by way of two pillars of 

tendon called the “musculotendinouscrura” [10-15]. These 

muscles wraps around the aorta as it passes through the 

diaphragm to form the aortic hiatus.  Sometimes, the 

diaphragm contracts involuntarily due to certain irritations 

[16].  

These contractions can happen due to different reasons 

which may include us eating too quickly, drinking carbonated 

beverages, experiencing some acid indigestion or even if 

we‟re dealing with a stressful day [15]. If any of these 

situations occur and we inhale air at the same time of 

contraction, the space between the vocal cords at the back of 

the throat suddenly closes, thus producing a noise known as 

hiccups. Short-lived hiccups are very common whereas 

longer-term hiccups (can last for days) can also occur and it‟s 

usually caused by irritated nerves [16-18]. Medical attention 

would be highly recommended in order to rule out any other 

health concerns.  

Diaphragmatic hernia is a birth defect (an abnormality 

that occurs before birth). It develops as a fetus is forming in 

the mother‟s uterus. A congenital diaphragmatic hernia (CDH) 

occurs when the diaphragm does not develop correctly [19]. 

As it‟s known, the diaphragm is an important muscle for 

breathing, and if there‟s an opening in the diaphragm, organs 

that are usually in the abdomen can be pushed through the 

opening into the chest [19-25]. During the growth of the fetus 

in the mother‟s uterus before birth, different organ systems 

will be developing and maturing. During the 7
th

 and 10
th

 week 

of pregnancy, the diaphragm develops. During this time, the 

esophagus, the stomach and the intestines are also being 

developed [25]. In CDH, the diaphragm does not develop 

properly, thus causing some or all parts of the abdominal 

organs to move into the chest. Some of these organs may 

include; the stomach, spleen, intestine and/or liver [26-27]. 

The dislocation of these organs into the chest can affect how 

the lungs develop and grow. In most cases of diaphragmatic 

hernia, it is alleged to be multi-factorial in origin [27]. When 

multi-fractional is mentioned‟ it means that many factors, 

being both genetic and environmental are involved. Multiple 

genes from both parents and also a number of environmental 

factors contribute to the development of congenital 
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ABSTRACT 

Congenital Diaphragmatic Hernia (CDH) is defined by the presence of an orifice in the 

diaphragm, more often left and posterolateral that permits the herniation of abdominal 

contents into the thorax. The lungs are hypoplastic and have abnormal vessels that cause 

respiratory insufficiency and persistent pulmonary hypertension with high mortality. The 

etiology is unknown although clinical, genetic and experimental evidence points to 

disturbances in the retinoid-signaling pathway during organogenesis. Chronic respiratory 

tract disease, neurodevelopmental problems, neuro-sensorial hearing loss and gastro-

esophageal reflux are common problems in survivors. Much more research on several 

aspects of this severe condition is necessary. 
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diaphragmatic hernia [28]. Though this is believed, scientist 

do not fully understand why or how is happens.  

Incidence 

Congenital diaphragmatic hernia is a rare abnormality and 

occurs 1 in 2000 to 1 in 5000 live births [29].  

Ontogenesis for the normal development of diaphragm  
In the embryo, the diaphragm is made from a number of 

complex parts. However, the septum transversum is the most 

important [30-33]. By understanding the history of the 

formation of the diaphragm, it will help in explaining why the 

heart, lungs, gut tube, liver, neck, and fascia all tie together 

with the diaphragm.  

As the diaphragm is growing, it drags the phrenic nerves 

down from the cervical region unto the thoracic region. 

Irritation to the diaphragm is frequently referred to as neck 

and shoulder pain. This irritation is due to the facilitation in 

the cervical cord induced by the phrenic nerves [33]. 

Pathology of the spleen or gallbladder is well known to cause 

referred pain to the shoulder region. Also, the reverse is true. 

The neck issues can cause referred pain to the diaphragm [34-

36].  

Closely connected with the heart is the diaphragm. At the 

cranial end of the embryonic disc, there are very early 

structures that form from the same area of the mesenchyme 

[37]. Underneath the septum transversum, the liver grows. A 

part of the septum transversum then separates into the 

membrane around the liver. 

The diaphragm is a dome-shaped, muscular partition 

separating the thorax from the abdomen in mammals. It plays 

a vital role in breathing, as its contraction increases the 

volume of the thorax and so inflates the lungs [38]. It develops 

from four major structures. These include the septum 

transversum, the pleuroperitoneal, the dorsal esophageal 

mesentery and the body wall. 

The septum transversum forms the central tendon. It‟s 

first seen as a dense mesodermal plate cranial to the 

pericardial cavity between the base of the thoracic cavity and 

the stalk of the yolk sac [39-41]. The septum transversum does 

not separate the thoracic and abdominal cavities completely. 

After the head folds forms in the 4th week, it becomes a thick 

incomplete partition between the cavities with an opening on 

each side of the gut, therefore known as the pleural canals [41-

44]. The septum then fuses dorsally with the primitive 

mediastinal mesenchyme below the esophagus and then later 

with the pleuroperitoneal membranes [44]. The 

pleuroperitoneal membrane now fuses with the dorsal 

mesentery of the esophagus and with the dorsal part of the 

septum transversum to complete the partition between the 

thoracic and abdominopelvic cavities. This forms the primitive 

diaphragm [45]. Out of the final adult structure, it only 

represents a small portion. 

The dorsal esophageal mesentery also known as the 

mesoesophagus fuses with both the septum transversum and 

this mesentery, and it forms the median portion of the 

diaphragm [42-45]. The muscle fiber which grows into the 

esophageal mesentery, the crura of the diaphragm is developed 

from it. 

The body wall during the time span of the 9th and 12th 

week, the pleural cavities expands and enters the lateral body 

walls [46]. At this time the body wall tissue splits off medially 

to form the peripheral parts of the diaphragm outside that‟s 

formed by the pleuroperitoneal membranes [47]. The 

costodiaphragmatic recesses are formed from the extensions of 

the pleural cavities into the body wall. 

Innervations and location of the diaphragm during the 4th 

week, the septum transversum lies opposite the upper cervical 

somites and during the 5th week, the nerves from the cervical 

segments, C3, C4, and C5 will grow into the septum and form 

the phrenic nerve [48]. This nerve then passes to the septum 

via the pleuropericardial membrane, thus causing the nerves to 

lie in the fibrous pericardium. An apparent descent of both 

diaphragm and nerves by the 6th week to the thoracic level 

may be a result of the rapid growth of the dorsal embryo body 

compared to its ventral part [49-51]. By the 8th week now, the 

dorsal part of the diaphragm lies at the level of the first lumbar 

vertebrae. Thus, causing the nerves carried down with it from 

the cervical region. 

Ontogenesis of the abnormal development of the 

diaphragm 

Congenital diaphragmatic hernia is a common malformation in 

newborns occurring in about 1/2000 to 1/5000 live births and 

it‟s usually as a posterolateral defect of the diaphragm [46-50]. 

This usually results in a defective formation and/or fusion of 

the pleuroperitoneal membrane(s) which usually separates the 

pleural and peritoneal cavities. The defect is usually unilateral 

with a large opening in the posterolateral part of the 

diaphragm. This opening is known as the „foramen of 

Bochdalek‟ [50]. More often it is seen on the left because of 

an earlier closure on the right pleuroperitoneal opening. The 

intestines may pass into the chest if the pleuroperitoneal 

membrane is not fused when the intestines return to the 

abdomen from the umbilical cord during the 10th week [52-

55]. You‟ll rarely see the stomach, spleen, cecum, appendix 

and parts of the colon in the chest cavity, and if present at 

birth, there‟s a high possibility that it will interfere with 

respiration. The heart and mediastinum are often displaced and 

the lungs are usually small and hypoplastic [55]. 

Posterior lateral defect of the diaphragm (Bochdalek) 

This shortcoming represents over 70% of diaphragmatic 

hernias. It begins above and lateral to the left lateral arcuate 

ligament at the vertebral costal trigone [56]. The result occurs 

during the intestinal return to the abdominal cavity around the 

10th week of embryonic life. At that time, the trigone is made 

up mainly of membranous tissue with rare muscle fibers [56]. 

The increased intra-abdominal pressure causes the separation 

of the muscle fibers and creates the defect. The defect can be 

small in size or sometimes in extreme cases almost the entire 

hemi diaphragm is involved. Approximately 90% of this 

defect occurs on the left side while the right side represents 

less than 10% [57-60]. In 99% of the cases, it is unilateral. 

Herniation of the small intestines, stomach, colon, spleen and 

part of the liver may occur (Skandalakis 2004). Subsequently, 

pulmonary hypoplasia with mediastinal shift arises [60]. 

 

Fig 1. Schematic diagram showing different types of 

diaphragmatic hernias
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Embryological basis for congenital diaphragmatic hernia  
Diaphragm formation; Body folding brings the septum 

transversum caudal to the pericardial cavity. There are five 

major components of the diaphragm and these include the 

Septum transversum, two pleuroperitoneal membranes, the 

esophageal mesentery and the body wall [61-63]. Any failure 

during the development of these tissues or any weakness in the 

connection could lead to congenital diaphragmatic hernia and 

possibly other embryo development. The mid-gut grows more 

rapidly and larger than the embryo can sustain, thus leading it 

to extend into the umbilical stalk [65]. Around the 10th week, 

it returns to the abdominal cavity thus continuing further 

formation and folding of the GI tract. The premature return of 

the mid-gut, prior to the formation of the diaphragm will result 

in congenital diaphragmatic hernia due to the increased 

pressure from the abdominal cavity thus causing the contents 

to rupture into the thoracic cavity [64]. Likewise, the 

appropriate return of the mid-gut with delayed diaphragm 

formation can also result in the congenital diaphragmatic 

hernia. If the lungs do not develop correctly later in fetal 

development, the mechanical pressure from the abdomen, 

even with a fully formed diaphragm will cause the abdominal 

contents to shove into the thoracic cavity thus increasing 

pressure on the thoracic viscera [66]. The Bronchial and 

alveolar development lag behind much other organ 

development. 

 

Fig 2. Schematic diagram showing organs from the 

abdominal cavity moving into the chest through the 

Diaphragmatic hernia. 

Discussion   

The diaphragm is the main muscle of respiration and the 

second most important muscle within the body after the heart. 

Because the body depends on so much on the diaphragm for 

respiratory function, having the knowledge of how many 

different diseases processes eventually result in dysfunction of 

the diaphragm is extremely important [68-71]. The diaphragm 

is a modified half-dome of musculofibrous tissue that 

separates the thorax and the abdomen. Four embryologic 

components make up the formation of the diaphragm [71]. 

These components include the septum transversum, two 

pleuroperitoneal folds, the cervical (and thoracic) myotomes 

and the dorsal mesentery.   

During the 3rd week of gestation, development begins 

and is finalized by the 8th week. Results of congenital defects 

occur due to failure of the pleuroperitoneal folds and 

subsequent muscle migration [69]. The muscular origin of the 

diaphragm is from the lower six ribs bilaterally, the posterior 

xiphoid process and from the external and internal arcuate 

ligaments.  

A series of different structures transverse the diaphragm, 

and these include three distinct apertures that allow the 

passage of the aorta, the esophagus and the vena cava [69]. 

The aortic aperture is the bottommost and most posterior 

of the openings thus lying at the level of T12. The thoracic 

duct and sometimes the azygos and hemiazygos are 

transmitted by the aortic opening [70]. The esophageal 

aperture lies at the level of T10 and is surrounded by 

diaphragmatic muscle. The highest of the three openings is the 

vena caval aperture and this lies within the disc space of T8 

and T9. 

Arterial supply to the diaphragm comes from the right and 

left phrenic arteries, the intercostal arteries, and the 

musculophrenic branches of the internal thoracic arteries [70]. 

Some arterial blood is provided from small branches of the 

pericardiaphernic arteries that run with the phrenic nerve 

primarily where the nerves pierce the diaphragm [68].  Venous 

drainage is via the inferior vena cava whereas azygos vein is 

on the right and the adrenal/renal and the hemiazygos veins is 

on the left. 

The sole muscular neurologic impulse of the diaphragm is 

received from the phrenic nerve. This originates primarily 

from the 4th cervical ramus but also has contributions from 

the 3rd and 5th rami [67]. Emanating around the level of the 

scalenus anterior, the phrenic nerve courses inferiorly through 

the neck and passes into the thorax before reaching its 

destination, the diaphragm. Because of the long course the 

phrenic nerve has before arriving at its terminal, any process 

that disrupts the transmission of neurologic impulse through it, 

directly affect the diaphragm [66]. 

CDH is often ultrasonographically diagnosed before birth. 

The intestine and/or the liver may be in the thorax and the 

lungs are small. US scan allows detailed assessment of the 

heart. Lung growth is measured as a proportion of head 

growth [70]. This lung-to-head ratio (LHR) has some 

prognostic value because when it is below 1, survival is 

compromised. However, the accuracy of these measurements 

is questionable and other alternatives like lung/thorax (L/T) 

transverse area ratio] or volumetry by MRI have been 

developed [69]. The position of the liver is also of 

unquestionable value, since liver-up cases more often require 

extracorporeal membrane oxygenation (ECMO) support and 

have worse survival. The intra-thoracic location of the 

stomach has less value for this purpose. When diagnosis is 

made in utero, amniocentesis is often performed for detecting 

chromosomal aberrations and may help to estimate lung 

maturity [71]. After birth, the diagnosis is readily made on the 

basis of symptoms and physical signs. A plain X-ray of the 

thorax and abdomen informs of the position of the herniated 

viscera. Ultrasonography of the heart is essential for ruling out 

associated malformations, for measuring the right-to-left shunt 

and for estimating the severity of pulmonary hypertension 

[70]. 

It is hardly necessary to rule out other conditions because 

CDH is often identified before birth and because diagnosis is 

easy [69]. Physical exam may avail but passing a nasogastric 

catheter into the stomach before a plain X-ray of the thorax 

and abdomen may help to locate it or to detect esophageal 

displacement. In some rare instances, X-rays may suggest a 

cystic malformation of the lung but again the position of the 

stomach and the contour of the intra-abdominal gas bubbles 

facilitate distinction the conditions [70]. 

Congenital Diaphragmatic Hernia occurs when the 

diaphragm doesn‟t close nor form around the 8th week of 
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gestation. Thus, causes the organs that are supposed to be in 

the abdominal cavity to now move freely into the thoracic 

cavity, taking up valuable lung space. The reason why this 

happens is still unclear as more research is necessary [70]. 

Though the cause is still unknown for CDH, it tends to 

sometimes run in families. Thus being primarily with genetic 

problems and other families problems. The outcome of some 

studies show that CDH can also occur due to certain 

environmental factors. Research is still ongoing for such said 

reason [66].  

Until the cause of CDH is identified and a cure is found, 

this cannot be prevented. There is just no way of knowing how 

to prevent CDH right away and parents shouldn‟t blame 

themselves for not knowing how to prevent it. You may take 

pre-natal vitamin but there is no guarantee that congenital 

diaphragmatic hernia is caused by a vitamin deficiency [68].  

Congenital diaphragmatic hernia occurs in about 1 in every 

2000 to 1 in 5000 live births, Or less that 5 in 10000 births. 

The diaphragm is a multi-function organ, with its main 

function being its critical role in respiration. During 

respiration, the actions of the diaphragm are central for 

inspiration. Contraction of the diaphragm muscle flattens the 

dome-shaped diaphragm and central tendon, thus expanding 

the volume of the thoracic cavity, reducing thoracic pressure 

and allowing air to flow into the lungs [66]. In addition to 

respiration, the diaphragm (particularly the crural domain) has 

functional roles in swallowing and emesis. Finally, the 

diaphragm also has a passive functional role. Thus serves as a 

barrier between the thoracic and abdominal cavities. The 

importance of this barrier function is dramatically apparent in 

newborns with Congenital Diaphragmatic Hernias (CDH), 

whereby a weak or incompletely formed diaphragm allows 

abdominal contents to herniate into the thoracic cavity and 

harm lung development [67]. 

The presence of a muscularized diaphragm is unique to 

and, in fact, a defining characteristic of mammals. It has been 

proposed that the diaphragm evolved in mammals as a 

stabilizer of the abdominal viscera and an inspiratory muscle 

[69]. Together these functions of the diaphragm allowed 

mammals to evolve as high-performance homeotherms, 

capable of concomitant respiration and locomotion. Thus the 

question of how the mammalian diaphragm evolved is an 

important question. Presumably, developmental innovations 

were critical for the development of a muscularized 

diaphragm, but the molecular and cellular nature of these 

innovations is currently unknown [70]. 

Conclusion  

An extensive amount of investigation has been done in 

order to explain the origins of congenital diaphragmatic 

hernia. CDH is a complex condition possibly caused by 

disturbed molecular signaling during organogenesis [70]. The 

diaphragmatic opening is always accompanied by pulmonary 

hypoplasia with vascular hyper-reactivity that causes scares 

gas exchange and persistent pulmonary hypertension. 

Additionally, other malfunctions that complicate the clinical 

course may also be present [71]. However, all efforts are 

directed at enhancing the antenatal lung growth in the 

prenatally diagnosed cases and also at protecting the lung 

during the intensive care, pre and post-operative phases all 

cases. Surgical repair is the only treatment. Delaying surgical 

treatment until the patient is stable, is associated with better 

results [70]. 
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