
Andrzej GryglewskiA, B, E, F, Iwona Z. PenaB–D, F, Krzysztof A. TomaszewskiB–D, F,  
Jerzy A. WalochaA, E, F

Unsolved Questions Regarding the Role  
of Esophageal Hiatus Anatomy  
in the Development of Esophageal Hiatal Hernias
Department of Anatomy, Jagiellonian University Medical College, Kraków, Poland

A – research concept and design; B – collection and/or assembly of data; C – data analysis and interpretation; 
D – writing the article; E – critical revision of the article; F – final approval of article; G – other

Abstract
The association of esophageal hiatal hernias with gastro-esophageal reflux disease was recognized long ago, how-
ever its origins are still disputed. The anatomy of the diaphragm and esophagogastric junction appears to be crucial 
to hiatal hernia development. The aim of this paper was to perform a literature review to present the current state of 
knowledge regarding the anatomy and pathology of esophageal sliding hiatal hernias. An electronic journal search 
was undertaken to identify all relevant studies published in English regarding esophageal hiatal hernias. This search 
included the Medline and Embase databases from 1962 to 2013. The following keywords were used in various com-
binations: hiatus hernia, hiatal, gastro-esophageal reflux disease, etiology, anatomy, and esophageal. The nature of 
a hiatal hernia is complicated by the multifactorial etiology of the disease, which involves the interplay of genetic 
and environmental factors. Its anatomy is still a matter of dispute. The exact point at which hernia development 
begins has yet to be understood (Adv Clin Exp Med 2014, 23, 4, 639–644).
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The incidence of hiatal hernia has significant-
ly increased over recent years [1]. Many patients 
suffering from such hernias seek therapeutic inter-
vention to alleviate the gastro-intestinal symptoms 
caused primarily by acid reflux [2]. Standard diag-
nostic methods such as barium swallow contrast 
radiographs and endoscopy along with standard 
medical treatment, including surgical interven-
tion, are already defined and generally accept-
ed [3]. Although the direct cause of diaphragmatic 
hernia formation remains disputed, it appears that 
the etiology lies primarily in the anatomy of the di-
aphragm and the esophagogastric junction. Even 
though this region has recently been investigated 
by many authors, some elements of its construc-
tion still remain a matter of dispute [3–7].

The purpose of this paper was to perform a lit-
erature review to demonstrate the current state of 
knowledge regarding the anatomy and pathology 
of esophageal sliding hiatal hernias. Emphasis was 

placed on identifying whether hiatal hernia is a gen-
eralized or localized disease and whether or not a hi-
atal hernia with gastric fold protrusion should be 
considered a variation of a sliding hiatal hernia.

Methods
An electronic journal search was conducted to 

identify all studies published in English regarding 
esophageal hiatal hernias from 1962 to 2013, us-
ing the Medline and Embase databases. The fol-
lowing keywords were used in various combi-
nations: hiatus hernia, hiatal, gastro-esophageal 
reflux disease, etiology, anatomy, and esophageal. 
The reference lists of all of the relevant studies and 
existing reviews were screened for additional rele-
vant publications.

Each publication was initially assessed for rele-
vance using the data presented in the abstract. When 
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an abstract was not available or failed to provide suf-
ficient information, a reprint of the full paper was 
obtained. When papers or abstracts reported dif-
ferent stages of clinical trials, only the longer-term 
studies were included in the review. When both 
a full paper and an abstract were published based 
on data from the same clinical trial, only the full pa-
per was included. Finally, from the body of gathered 
literature, based on our clinical and research experi-
ence, the most relevant articles were chosen to form 
the knowledge base for this review paper.

Results

The Anatomy of the Diaphragm
From an anatomical point of view, the dia-

phragm is a tendinous, muscular, dome-shaped 
partition that separates the chest from the ab-
dominal cavity (Fig. 1A). Muscle bundles radiate 
to their peripheral attachments from the clearly 
distinguished broad tendinous center of the dia-
phragm. From the sternal aspect, the diaphragm 
connects to the xiphoid process, to the cartilages 
of the seventh and eight ribs, to the cartilage and 
bone of the ninth rib, and to the bone portion of 
the tenth through twelfth ribs. The lumbar por-
tion of the diaphragm consists of the anterior lon-
gitudinal ligament, which gives rise to the left and 
right crura, as well as the bilateral medial and lat-
eral arcuate ligaments. The lateral arcuate ligament 
connects laterally to the twelfth rib and medially to 
the transverse process of the first lumbar vertebra. 
It forms the lateral lumbocostal arch which spans 
the quadratus lumborum muscle. From its medi-
al attachment, the medial arcuate ligament spans 
the psoas muscle and attaches to the body of the 
first or second lumbar vertebra creating the medi-
al lumbocostal arch. 

Most commonly, the esophageal hiatus is 
formed by interlacing elements of the right dia-
phragmatic crus [4, 8]. The right crus divides in-
to a dorsal bundle, which forms the left limb of 
the structure, and a ventral bundle, which forms 
the right limb. As the muscle bundles approach 
the hiatus, the limbs cross each other in a scissor 
like fashion; the left limb passes to the upper left 
of the esophagus, while the right limb passes to the 
upper right [8]. The lateral fibers of each limb in-
sert into the central tendon while the medial fibers 
form the hiatal margins and decussate at the mid-
line in front of the esophagus [8]. In such a man-
ner, the limbs of the right crus envelop the esoph-
agus and form the hiatus (Fig. 1B). However, there 
are several anatomic variations in the formation of 
the esophageal hiatus, most notably in the relative 
contributions of muscle fibers from the right and 
left diaphragmatic crura. Loukas et al. [4] distin-
guished six different types of diaphragmatic mus-
cular variants within the esophageal hiatal region. 
The most common variant, found in 45% of cadav-
ers, consisted of the hiatus being formed by mus-
cular bundles of the right crus alone as described 
above [4]. The other five variants involved vary-
ing degrees of contributions from the left crus [4]. 
Furthermore, after performing both cadaveric ob-
servations and a series of electrophysiological ex-
periments involving stimulation of the diaphragm 
branches in patients scheduled for laparotomy, 
Shafik et al. [9] propose that there is a separate 
loop muscle surrounding the lower esophagus in 
the esophagogastric region. This muscle appears 
to function independently and is not derived from 
the diaphragmatic crura [9]. The exact anatomy 
of the diaphragmatic region and what causes ob-
served muscular and hiatal differences within the 
area is still largely unknown. Further research is 
necessary to better define the anatomy and causes 
of its variation.

Fig. 1. A. Anatomy of diaphragm: 
1 – Central tendon; 2 – Esophagus; 
3 – Interior vena cava; 4 – Aorta;  
5 – Medial arcuate ligament;  
6 – Lateral arcuate ligament,  
7 –  Spine.  
B. Hypothetical anatomy of the 
esophageal and aortic hiatus:  
1 – Left crus creating the medial and 
lateral bundle; 2 – Medial arcuate 
ligament. (Fig. drawn  
by Andrzej Gryglewski)
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Hiatal Hernia Types

The proportion of the general population that 
is affected by hiatal hernias ranges from 10% to 
50% [10]. Currently there are three distinguish-
able types of hiatal hernias: the sliding hernia, 
the paraesophageal hernia and a combination of 
the two [3, 11]. Some authors consider the giant 
paraesophageal hernia as a fourth distinguishable 
type of hiatal hernia [12]. Each type of hernia pres-
ents with different symptoms and complications. 
Among the different types of hernias, the sliding 
hernia is the most problematic because its patho-
genesis is not yet fully understood.

The Pathogenesis 
of Sliding Hernias
The association of hiatal hernias with gastro-

esophageal reflux disease (GERD) has long been 
recognized and is linked with the failure of anti-
reflux mechanisms [13]. It is believed that the role 
of such mechanisms is to protect the stomach con-
tents from shifting back into the esophagus. Sev-
eral factors come together in order to fulfill this 
role. One contribution is the slanted position of 
the stomach in relation to the long axis of the 
esophagus. This is known as the anatomical angle 
of His [14]. Another contribution is the sphinc-
ter action of the diaphragmatic crura [5]. Positive 
pressure in the abdominal cavity functions like an 
additional sphincter by compressing the distal seg-
ment of the esophagus located in the abdominal 
cavity [15]. The distal portion of the esophagus is 
thought to act as a valve that protects against re-
flux by closing the entry of the stomach into the 
esophagus from the inside when intra-abdominal 
pressure is increased. 

Although manometry shows increased pres-
sure in the distal end of the esophagus, there is 
still no agreement in regards to the presence of 
separate muscle fibers which can be attributed to 
the role of the lower esophageal sphincter (LES) 
in antireflux mechanisms [6]. The pressure build 
up in the gastric fundus helps to create a mucosal 
flap valve which presses against the lower esoph-
agus and thus blocks the gastro-esophageal pas-
sage [7, 16]. Oblique muscles, also referred to as 
“sling fibers”, are arranged in a C-shaped manner 
below the LES and are thought to be responsible 
for the creation of the flap valve mechanism [6, 7]. 
Recently, a thickened circular muscular layer in 
the distal esophagus was described, suggesting the 
presence of a lower internal esophageal sphincter. 
However, this matter merits further study [17].

The exact cause of esophageal hiatal hernias 
has yet to be elucidated but several theories have 

been put forth. A multigenerational family study 
has suggested that hiatal hernias are hereditary 
and transferred by autosomal dominant inheri-
tance [18]. Furthermore, body build and exertion 
also seem to play a role in hernia development. Ex-
cessive body weight has been associated with hi-
atal hernia development, such as that seen in obese 
individuals [19]. Obesity is strongly correlated to 
increased intra-gastric pressure and it is believed 
that this leads to esophagogastric junction impair-
ment resulting in the development of hiatal herni-
as [19]. Similarly, among power lifting athletes, it 
is proposed that hiatal hernias are a result of supra-
physiological increases in intra-abdominal pres-
sure during weight lifting [20]. 

Mittal and Kassab [21] suggest that the initial 
cause of the development of hiatal hernias is spo-
radic incidents of GERD that cause inflammatory 
reactions in the esophagus. These in turn shorten 
the esophagus due to, among other things, lon-
gitudinal muscle contraction. The latter becomes 
a cause of intussusceptions of the stomach into the 
esophageal hiatus which broadens the hiatus size 
and exacerbates symptoms of GERD and inflam-
mation. In such a manner, a feedback of self-es-
calating mechanisms that favor hiatal dilatation 
and hernia formation is entered. According to 
Dodds et al. [22] it is the transient lower esoph-
ageal sphincter relaxations (TLOSR), which nor-
mally allow belching to occur, that are responsible 
for the initiation of reflux events and esophagitis.

The initial expansion of the esophageal hia-
tus seems to be a prelude to further events leading 
to the formation of a hiatal hernia and acid reflux. 
Loosening of the hiatus makes it possible to reverse 
both the esophagus and the stomach cardia into 
the chest, in case of favorable circumstances such 
as air belching, vomiting, weight lifting, and other 
sorts of extreme increases in abdominal pressure. 
Wedging the cardia in the hiatus will further ex-
pand it and simultaneously broaden the angle of 
His, which creates a risk for hernia development. 
Hiatal width alone is not the only attribute of hiatal 
hernia origin. A very important role is also played 
by the phrenico-esophageal fascia. In fact, there 
exist two fascias: an upper and lower one. The bot-
tom fascia can be further subdivided into upper 
and lower laminas. In young people, that fascia at-
taches the esophagus to the diaphragm flexibly but 
tightly. It allows for some shifts and movements 
of the esophagus under the influence of different 
forces which are present due to jumping, cough-
ing, vomiting, and even swallowing [23, 24]. As 
the hiatus undergoes actions of these forces over 
the course of several years, connections with the 
esophagus may be loosened. Due to the mobility 
of the esophagus and esophagogastric junction, the 
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fascia can be further damaged, giving rise to the 
formation of sliding hiatal hernias. 

Hernia with Gastric Fold 
Prolapsed – Is it a Form  
of Sliding Hernia or 
a Completely Different Entity? 
Although the relationship of gastric fold pro-

lapses to GERD and hiatal hernias remains un-
clear, there is some evidence to warrant the con-
sideration of hernia with gastric fold prolapses as 
a distinct phenomenon. Gastroscopic examina-
tions of patients presenting with GERD symptoms 
or epigastric pain have revealed prolapses of gas-
tric mucosa into the esophagus particularly dur-
ing retching [25, 26]. A retrospective study of 516 
GERD patients revealed the presence of such a pro-
lapse in 13.5% of patients [25]. Most notably, only 
29% of patients with a prolapse had a sliding hiatal 
hernia, indicating that the presence or absence of 
the hernia did not influence the clinical presenta-
tion [25]. It is proposed that retching causes gastric 
prolapse and subsequent mucosal injury [26]. The 
most prominent endoscopic features of this condi-
tion include a swollen and bleeding fold of mucosa 
prolapsing into the esophagus [26]. Thus, careful 
endoscopic examinations should be performed to 
take note of possible protrusions in order to distin-
guish such a presentation (Fig. 2) from the typical 
course of hiatal hernia as depicted in Fig. 3. 

A thorough assessment of patients with gas-
tric prolapse revealed that some of the presenting 
symptoms differ from those typically associated 
with GERD. Epigastric and retrosternal pain with 
the need to belch to decrease or resolve pain were 
more frequently reported by patients with gastric 
prolapse [25]. Dysphagia and reflux symptoms 

were also more common [25]. In comparison to 
GERD symptoms, pain experienced in patients 
with a gastric prolapse was accompanied by a ra-
diating burning sensation running from the stom-
ach to the throat [25]. Some studies reported a de-
crease in the occurrence or intensity of esophagitis, 
suggesting that the protruded gastric mucosa pro-
tects the esophagus from excess acid reflex [25, 26]. 
However the stringency of the latter findings re-
mains to be further scrutinized.

Myllarniemi and Saario [26] recommend treat-
ing gastric prolapse as a disease separate from GERD 
and hiatal hernias. According to the authors, chest 
pain and dental erosions caused by acid reflux dur-
ing the night were distinguishing symptoms typical 
of that kind of hernia. The authors suggest that the 
cause of such a condition is the dysfunction of the 
His angle mechanism. According to that concep-
tion, the enlargement of hiatal diameter decreases 
the efficiency of the valve, causing it to protrude in-
to the esophagus, leading to discomfort.

Fig. 2. A. Protruded mucosal fold in a hiatal hernia. B. Backing up of the mucosal fold (photo made by Andrzej 
Gryglewski)

A B

Fig. 3. Hiatal hernia endoscopy (photo made by 
Andrzej Gryglewski)



Anatomy of the Esophageal Hiatal Hernia 643

Despite these differences, hernias with gas-
tric prolapse appear to present a variation of the 
pathological mechanisms associated with sliding 
hiatal hernias, notably enlargement of the hiatus 
and esophageal valve dysfunction. The mobility of 
the gastric mucosal fold is the result of the pres-
ence of smooth muscle in the muscularis muco-
sae layer. Under normal physiological conditions, 
the gastric mucosal fold and the angle of His cre-
ate a valve that functions as a protective antireflux 
mechanism, preventing gastric enzymes from en-
tering the esophagus. However, in some situations 
the valve itself may protrude into the esophagus. 
Symptoms of such a condition are primarily caused 
by mechanical trauma resulting from the fold be-
ing constricted in the esophagus and to a lesser 
degree by the acid reflux. Although sliding hia-
tal hernia with gastric prolapse sometimes shares 
the commonality of wedging itself in the esopha-
geal hiatus, the gastric cardia is rather less mobile 
and seldom wedges in the esophageal hiatus main-
ly because of the presence of intact esophageal fas-
cia and ligaments retaining the cardia in its place. 
Under the influence of increased abdominal pres-
sure, the widened esophageal hiatus can promote 
the gastric mucosa to slide into the esophagogas-
tric junction and cause symptoms [6, 15, 25, 26].

Further Questions Regarding 
Hiatal Hernia Development
It is unclear whether hernias develop from ex-

ternal environmental factors, such as training in-
juries, or if they reflect systemic metabolic disor-
ders. Some studies propose that variation in tissue 
composition, in the case of primary and recurrent 
incisional hernias, may play a role in hernia de-
velopment. For example, some patients reveal al-
ternations in the composition of collagen I and 
III fibers [27]. A decrease in the collagen I: III ra-
tio has been associated with recurrent hernia for-
mation [27]. Equally, some investigations report 

a depletion of elastic fibers in ligaments support-
ing the gastro-esophageal junction in relation to 
the condition [28]. Furthermore, transmission 
electron microscopy has revealed ultra-structur-
al abnormalities in the muscular tissue of the cru-
ra in patients with hiatal hernias [29]. It remains 
unclear if these findings represent a primary alter-
ation or are the byproducts of hernia formation. 
The etiology of hiatal hernia development remains 
to be further elucidated.

Conclusions
The formation of different types of hiatal her-

nias and the development of GERD stem primarily 
from changes in the anatomy of the esophagogas-
tric junction which compromises the normal anti-
reflux mechanisms. Pathology is primarily caused 
by the loosening of the fibers of the phrenoesopha-
geal membrane, which causes the esophagus to re-
cede from the spine. As a result, the crura of the 
diaphragm elongate and promote the permanent 
herniation of the stomach cardia into the esopha-
geal hiatus. However, even when the stomach fas-
cia is intact, loose folds of gastric mucosa may pro-
lapse into the hiatus and the patient will present 
with a different array of symptoms. In such in-
stances, it becomes unclear whether this type of 
hernia should be considered as an independent ail-
ment or merely as a part of the spectrum of con-
ditions associated with esophageal hiatal hernias. 
Such a distinction is complicated by the multifac-
torial nature of the etiology of the disease, which 
involves the interplay of genetic and environmen-
tal factors. 

The exact point at which hernia development 
begins has yet to be understood and may shed light 
on both the etiology and appropriate therapeu-
tic interventions required. Identifying the origin 
of the pathology may shift the focus of treatment 
from management to one of prevention.
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