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1  | INTRODUC TION

Nearly 30 years have elapsed since the first report on laparoscopic 
surgery for gastroesophageal reflux disease (GERD) by Dallemagne 
et al in 1991. Although the surgery for paraesophageal hiatal her‐
nias (PEH) is more technically difficult than for sliding esophageal 
hiatal hernias, Cushieri et al1 in 1992 also reported on laparoscopic 
surgery. Thereafter, many have reported on laparoscopic surgery 
for PEH. Although the high recurrence rate2 was initially a prob‐
lem, there have been more and more reports on its feasibility and 
safety.3,4

Most large hiatal hernias (LHH) are PEH. Once prolapse of the 
stomach to the chest cavity becomes manifested in PEH, it is called 
an intrathoracic stomach (ITS). Upside‐down stomach (UDS) is ITS 

with nearly 100% of the stomach prolapsed. In this article, we clarify 
the definition of LHH and ITS and provide a review on minimally in‐
vasive surgery for LHH from several viewpoints.

2  | DEFINITION OF LHH

First, we clarify terminology such as PEH, LHH, giant hiatal hernia 
(GHH), ITS, UDS, and short esophagus (SE).

There is no clear international definition for LHH. It is defined 
by articles in terms of the extent to which the stomach is prolapsed 
to the chest cavity (Figure 1). For example, one may define LHH as 
a stomach prolapse of 50% or more, which is categorized into 50% 
or more prolapse, 75% or more prolapse, and 100% prolapse. In this 
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Abstract
The majority of large hiatal hernias are paraesophageal hiatal hernias (PEH). Once 
prolapse of the stomach to the chest cavity reaches a high degree, it is called an 
intrathoracic stomach. More than 25 years have elapsed since laparoscopic surgery 
was carried out as minimally invasive surgery for PEH. The feasibility and safety 
thereof has nearly been established. PEH may cause serious complications such as 
strangulation and perforation. The outcome of elective repair of PEH is better than 
emergent repair, so we should carry out elective repair as much as possible. Although 
not a major clinical problem, following PEH repair the rate of anatomical recurrence 
increases with age. In order to reduce the recurrence rate, mesh reinforcement by 
crural repair has been widely performed. Although this improves the short‐term out‐
comes, the long‐term outcomes are unclear. For PEH repair, fundoplication and gas‐
tropexy	are	believed	desirable.	We	should	 select	 the	procedure	associated	with	a	
lower	incidence	of	dysphagia	and	so	on	following	surgery.	While	relaxing	incision	is	
useful for primary tension‐free closure, it has not contributed to improvement in the 
recurrence rate.
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case, LHH is equivalent to PEH. On the other hand, SE is used when 
the esophagogastric junction is located 5 cm or more closer to the 
rostral side from the normal anatomical position5 and there are com‐
plications such as esophageal ulcer and stenosis as well as fibrosis 
of the tunica muscularis esophagi. Some argue that SE is carried 
out when sufficient length of the abdominal esophagus cannot be 

assured even if the esophagus in the mediastinal space is sufficiently 
detached during surgery.6‒8 ITS means a prolapse of a substantial 
part of the stomach to the chest cavity, which is similar to LHH. GHH 
has almost the same meaning as LHH. Some assert that a prolapse 
of 50% or more of the stomach to the chest cavity is called GHH.9 
Large PEH and giant PEH therefore mean a prolapse of 1/3 to 1/2 
or more of the stomach to the chest cavity.9‒11 UDS means prolapse 
of nearly the entire stomach. However, it is necessary to confirm the 
definition by articles because it does not necessarily indicate pro‐
lapse of the entire stomach.

In summary, most analysis targets on LHH are PEH. Studies on 
LHH target subjects with a prolapse of approximately one‐third or 
more of the stomach to the chest cavity. Many studies on ITS target 
subjects with a prolapse of 50% to 75% or more of the stomach to 
the chest cavity.12,13 Studies on UDS target subjects with a prolapse 
of 75% or more of the stomach to the chest cavity,13 some of which 
are limited to only 100%. Regarding PEH, the extent of prolapse of 
the	stomach	to	the	chest	cavity	 is	as	 follows:	UDS	≥	 ITS	≥	LHH	≒ 
GHH (Figure 2).

3  | SURGIC AL INDIC ATIONS FOR LHH

According to the guidelines by SAGES in 2013,10 “All symptomatic 
PEHs should be repaired, particularly those with acute obstructive 
symptoms or those that have undergone volvulus.” Many reports 
support this statement.11,14 There is no disputing the surgical indica‐
tion for symptoms of gastric outlet obstruction and torsion.

The statement “all symptomatic PEHs should be repaired” indi‐
cates the importance of the symptoms of PEH patients. The pres‐
ence or absence of symptoms is controversial. There have been 
reports on relatively low incidence of symptoms such as heartburn 
26%,	 postprandial	 chest	 discomfort	 or	 chest	 pain	 23%,	 dysphagia	
21%.6 Carrott et al divided 270 large‐PEH patients in accordance 

F I G U R E  1   Paraesophageal hiatal hernia. Classification of 
paraesophageal hiatal hernia according to the degree of gastric 
prolapse to the chest cavity

F I G U R E  2   Concept of paraesophageal 
hiatal hernia. Regarding paraesophageal 
hiatal hernia, the extent of prolapse of the 
stomach to the chest cavity is as follows: 
upside‐down	stomach	≥	intrathoracic	
stomach	≥	large	hiatal	hernia	≒ giant hiatal 
hernia
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with the proportion of ITS into four groups: <50%; 50% or more; 
75% or more; and 100%, then examined the symptoms in detail.15 
The occurrence rates of the symptoms were as follows: heartburn: 
76%‐56%;	regurgitation:	54%‐38%;	chest	pain:	48%‐50%;	and	dys‐
phagia: 42%‐54%. UDS comes with complications such as strangu‐
lation, stomach obstruction, acute bleeding from ulceration, leading 
to stomach necrosis, perforations and mediastinitis.16 Fifty percent 
or more of these patients have GERD symptoms.17 Going forward, 
further examination is necessary of the degree and frequency of 
symptoms.

Because LHH compresses the heart and lungs, it may cause a 
decline in cardiac function and respiratory function. However, it is 
difficult to conclude that LHH causes symptoms such as chest pain, 
palpitations, respiratory discomfort, and coughing. There have been 
reports on improved cardiac function by HH repair, along with re‐
ports on both‐side heart failure due to ITS. Carrott et al examined 
the respiratory function before and after surgery among 120 PEH 
patients, reporting that respiratory function was improved after 
surgery, such as forced vital capacity, forced expiratory volume in 
1 second, vital capacity, and diffusion capacity of the lungs for car‐
bon monoxide.18 This improvement was particularly manifested in 
patients aged 80 or older, patients with large hernias, and patients 
with decreased preoperative respiratory function. Therefore, dis‐
orders in cardiac function or respiratory function may be improved 
following surgery.

On the other hand, there is a statement which says, “routine 
elective repair of completely asymptomatic PEH may not always 
be indicated. Consideration for surgery should include the age and 
comorbidities of patients.” Some argue that we should consider the 
possibility of volvulus for ITS and UDS involving 75% or more stom‐
ach prolapse and carry out surgery even without symptoms.19 For 
ITS and UDS with a high degree of prolapse without any symptoms, 
we will consider age and quality of life (QOL) when it comes to sur‐
gery indication.

4  | OUTCOMES OF SURGERY TRE ATMENT 
FOR LHH

We	 need	 to	 consider	 numerous	 factors	 when	 examining	 surgery	
treatment outcomes for LHH and PEH, so it is difficult to summarize 
the treatment outcomes.

The most important patient factors include the degree of stom‐
ach prolapse and the presence or absence of a SE. Many surgical 
factors are considered, including whether or not mesh should be 
used, the types of fundoplication and whether or not they should 
be used, and whether to use either emergency repair or elective re‐
pair.11 The evaluation of outcome also differs depending on articles 
in the definition of recurrence, whether it is recurrence of symptoms 
or	 anatomical	 recurrence.	While	 the	 recurrence	 rate	 of	 hernias	 is	
relatively high following surgery for PEH,20‒23 the hernias are often 
mild, so many have reported them as not being a clinical problem.24 
Consequently, the evaluation of outcomes is difficult. In this article, 

we evaluated the outcomes in terms of fundoplication, emergency 
versus elective, and mesh.

4.1 | Fundoplication

The decision on whether or not fundoplication should be carried out 
following PEH repair, along with what procedures should be per‐
formed, is controversial. In general, fundoplication needs to be con‐
ducted to prevent postoperative GER, with intra‐abdominal gastric 
fixation recommended to reduce recurrence.25 On the other hand, 
some argue that the merits are unclear regarding conducting fun‐
doplication on patients without reflux,26 while others have reported 
that fundoplication increased the postoperative incidence of dyspha‐
gia, which reached a maximum of 50% following PEH repair.4 Blake 
et al reported that fundoplication should not be carried out on pa‐
tients without a history of significant reflux, or with poor esophageal 
motility, SE, or debilitating comorbidities.13 Others reported that the 
addition of fundoplication to ITS surgery does not contribute to QOL 
improvement,27 and that there was no difference in the symptom 
scores, satisfaction, and use of proton pump inhibitors in accord‐
ance with the presence or absence of anti‐reflux surgery (ARS).6 The 
guidelines state, “Fundoplication must be performed during repair of 
a sliding type hiatal hernia to address reflux. Fundoplication is also 
important during PEH repair.” It is believed that the addition of ARS 
to anatomical repair has greater merit. Heartburn, a typical symptom 
of	GERD,	was	present	in	26%	to	76%	of	patients.6,15,28 Therefore, we 
believe ARS should be added for patients exhibiting GER symptoms 
prior to surgery.

Although the latest data show that 90% or more of the surger‐
ies for PEH in the USA are laparoscopic surgery,29 whether or not 
laparoscopic surgery is optimal remains controversial. The Belsey 
Mark IV (BM‐IV) method, a transthoracic procedure, results in a 
high symptom disappearance rate.12 Laan et al30 conducted a retro‐
spective study by matching 118 patients to the laparoscopic Nissen 
method and BM‐IV, respectively. Although the recurrence rate and 
surgery satisfaction were equivalent, the occurrence rate of esopha‐
geal leak and the rate of re‐surgery were higher in the Nissen group 
(6.8%	vs	0%,	9.3%	vs	2.5%,	respectively).	Laan	et	al	stated	that	the	
BM‐IV method is more desirable for large PEH (Table 1).30 New facts 
may be found if thoracoscopic surgery is carried out going forward.

The fixation method of the stomach, either by posterior fixa‐
tion or anterior fixation, is also open to question. Hill proposed the 
Hill method from the idea that maintaining cardiophrenic angles is 
essential for the control of GER.31 Park et al compared the cases 
that underwent laparoscopic Hill surgery for PEH and could be fol‐
lowed up for a long term with cases that underwent laparoscopic 
Hill surgery for GERD during the same period, reporting there was 
no difference in the symptoms between the two groups (Table 1).32 
Although there was no mention of the recurrence rate, the satisfac‐
tion	rate	was	high	at	85%.	While	the	Hill	method	involves	posterior	
fixation, there have also been reports of anterior fixation. Ponsky 
et al reported that they carried out fundoplication and anterior fixa‐
tion by suturing and fixing two sites on the stomach anterior wall and 
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abdominal wall. The result was that all cases became free of symp‐
toms and had no recurrence.33

Broeders et al34 compared the Nissen method and anterior 
fundoplication. Meta‐analysis of five randomized controlled trials 
(RCTs) revealed that although two groups had equivalent anti‐re‐
flux effects, the anterior fundoplication indicated less severity of 
dysphagia following surgery, suggesting the significance of ante‐
rior fundoplication. Tian et al compared the Nissen method and 
Toupet method in 13 RCTs, demonstrating the significance of the 
Toupet method.35 Although the subjects of these studies were pa‐
tients with GERD and the results cannot be completely applied to 
PEH patients, as long as there are no differences in the anti‐reflux 
effects depending on the type of fundoplication, it is desirable to 
choose the procedure resulting in less dysphagia following sur‐
gery. Huerta et al compared the long‐term outcome of the Nissen 
method and the Toupet method among 77 PEH patients, reporting 
that there was no difference in symptom‐reducing action and sur‐
gery satisfaction.36 According to Furnée et al, not performing fun‐
doplication resulted in the occurrence of abnormal esophagus acid 
reflux in 39.3% of patients following surgery and the occurrence of 
reflux esophagitis in 28% of patients.37 Müller‐Stich et al compared 
the groups undergoing hiatus reinforcement using mesh with car‐
diophrenicopexy alone and the group undergoing reinforcement 
with fundoplication in an RCT. The postoperative incidence of 
esophagitis	was	 53.3%	 versus	 16.7%,	 indicating	 the	 significance	
of fundoplication.38 Several reports have recommended anterior 
hemifundoplication for UDS.17,39 For UDS, Vrba et al carried out 
Nissen fundoplication on patients with preoperative reflux symp‐
toms or reflux esophagitis while conducting fundopexy on the re‐
maining cases, which resulted in good outcomes.16

Based on the above, keeping in mind that fundoplication should 
be carried out in general, decisions should be made by comprehen‐
sively taking into consideration the esophageal motility of each pat‐
ent, the severity of GERD, age, and complications.

4.2 | Mesh reinforcement

The usefulness of mesh is controversial. There are two statements 
on it in the guidelines. One is, “The use of mesh for reinforcement of 
large hiatal hernia repairs leads to decreased short‐term recurrence 
rates.” Although mesh involves complications, it reduces short‐term 
recurrence rates.8,40 The other statement is, “There are inadequate 
long‐term data on which to base a recommendation either for or 
against the use of mesh at the hiatus.” Recently, a report using the 
data from a period of 48 months following surgery indicated that the 
use of mesh decreased the recurrence rate.

Mesh may involve serious complications.17,41,42 Typical compli‐
cations include esophageal erosion and penetration, along with in‐
creased risk of infections.18 Fatal complications reportedly include 
strangulation of re‐herniated stomachs through a narrowed hiatus 
reconstructed with mesh and aortal bleeding. Surprisingly, prosthetic 
mesh reinforcement was reported to require re‐surgery for 23 of 28 
patients and esophagectomy for seven patients.41 It was pointed 

out that the reason for this high rate of complications included two 
aspects: the procedure of mesh indwelling; and the material of the 
mesh. Moreover, when the opening of the hiatus esophagus is large 
and crural repair cannot be performed, using mesh to bridge the hia‐
tal defect may lead to serious complications.42 In addition, the suture 
and tacking during mesh fixation may involve serious complications 
such as cardiac tamponade. Recently, there have been fewer reports 
on serious complication compared to the past.40,43,44 It has also been 
reported that not using prosthesis mesh resulted in a low recurrence 
rate and good treatment outcomes.11

During the early 2000s, there were several RCTs but no reports 
on mesh‐related complications.21,45 All of these reported that the 
use	of	mesh	resulted	in	a	decreased	recurrence	rate	(26%	vs	8%,	22%	
vs 0%).21,45 Thereafter, while many have reported on the usefulness 
of mesh,20,44 the long‐term outcome remains unclear.

Recently, there have been several reports on the meta‐analysis 
of mesh. Antoniou et al8 compared suture repair and biologic mesh 
repair among 295 subjects in six articles. The results revealed that 
the	short‐term	recurrence	rate	was	16.6%	versus	3.5%	 (odds	ratio	
[OR] 3.74, 95% CI 1.55‐8.98, P = .003). Although this indicates the 
short‐term usefulness of biologic mesh, the data were insufficient to 
indicate the long‐term outcomes. According to Tam et al,46 the post‐
operative recurrence of suture cruroplasty (SC) was 24% (91/382), 
while	 that	 of	 mesh	 cruroplasty	 was	 13%	 (46/354).	 Although	 the	
rate	of	 re‐surgery	was	6%	versus	3.7%,	 this	 rate	was	 significantly	
higher in SC among cases in which the postoperative course could 
be evaluated (73% vs 53%). They concluded that quality of evidence 
supporting the routine use of mesh cruroplasty is low and the use of 
mesh should be left to the discretion of the surgeon until the eval‐
uation of symptomatic outcomes and long‐term recurrence is clar‐
ified. Memon et al43	 compared	186	SC	 subjects	 and	220	 subjects	
with prosthetic hiatal herniorrhaphy (PHH) based on four RCTs. As 
a result, while the rate of re‐surgery was lower in the PHH group 
(OR 3.73, 95% CI 1.18, 11.82, P = .03), there was no difference in the 
recurrence of hiatal hernia or wrap migration (OR 2.01, 95% CI 0.92, 
4.39, P = .07). The outcomes of the two procedures for LHH were 
almost equivalent. Memon et al were opposed to routinely conduct‐
ing PHH.

The long‐term usefulness of mesh remains open to discussion 
5 years or more after the publication of the guidelines in 2013. First 
and foremost, we should increase the rate of follow‐up. It is also de‐
sirable to clarify the definition of recurrence across institutions and 
conduct studies in institutions having abundant experience.

4.3 | Emergency surgery versus elective surgery

Paraesophageal hiatal hernias involve complications such as gastric 
perforations, bleeding, and necrosis due to torsion.47 The occur‐
rence rate of complications is relatively high without treatment.6,48

Using The New York Statewide Planning and Research 
Cooperative System administrative database, Polomsky et al con‐
ducted an analysis among 4858 PEH patients:49 of females and 
53%	 of	 patients	 were	 emergency	 visits,	 and	 66%	 of	 the	 patients	
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were discharged prior to surgery. The emergency patients included 
a high percentage of elderly individuals and a higher mortality rate 
than elective admission patients (2.7% vs 1.2%). They had a lon‐
ger duration of admission (7.3 days vs 4.9 days) and the treatment 
costs thereof were high. The operative mortality rate was higher 
in emergency patients (5.1% vs 1.1%). Multivariate statistical anal‐
ysis showed that the independent prognosis factors of death during 
hospitalization were age, emergency visit, and surgery. Moreover, 
Bhayani	et	al	extracted	2756	subjects	who	underwent	PEH	repair	
from the National Surgical Quality Improvement Program data base 
(2005‐2010) and conducted an analysis of 412 patients with ob‐
structed PEH (15%), comparing the treatment outcomes in the group 
who underwent early surgery within 1 day (57%) and the group who 
underwent late surgery in 1 day or later (43%).47 As patient char‐
acteristics, the proportion of patients with American Society of 
Anesthesiologists	≥	3	was	higher	 in	 the	 late	 surgery	group.	While	
the	death	rate	had	no	significant	difference	(3.4%	vs	4.6%),	morbid‐
ity was significantly higher in the late surgery group (17% vs 30%): 
pneumonia	(5.1%	vs	9.7%),	reintubation	(2.1%	vs	6.3%),	and	deep	ve‐
nous	thrombosis	(2.1%	vs	6.3%).

In the study on ITS patients by Polomsky et al,50 the subjects 
included 104 patients who underwent elective repair and 23 pa‐
tients who underwent emergent repair. The mortality rate was 22% 
versus 1%. They pointed out that the mortality and morbidity rates 
of emergent repair for ITS were higher than that of elective repair. 
This article reviewed the treatment for ITS from 1995 to 2009. The 
ratio	of	 emergent	 repair	was	20%	 (2.1%‐100%)	on	 average.	While	
the mortality of elective repair was 0.2% (0%‐1.0%), that of emer‐
gent	 repair	 was	 high	 at	 6.5%	 (0%‐21.7%).	 Wirsching	 et	 al51 con‐
ducted a study among 570 PEH patients. Among 38 patients making 
emergency	visits	(6.7%),	only	three	patients	underwent	emergency	
surgery, while the remaining were able to undergo semi‐elective 
surgery by conducting decompression of the stomach internal pres‐
sure.	This	article	reviewed	nine	articles	from	2008	to	2016,	among	
which eight reported that emergency surgery increased morbidity 
or mortality, indicating that emergency surgery should be avoided 
as much as possible. On the other hand, few reports argue that the 
outcomes are good regardless of whether they are emergencies or 
semi‐urgent.52

The majority of reports recommend elective surgery.13.28 Those 
operating should be skilled and experienced surgeons.15 Surgeries in 
experienced centers reportedly resulted in low morbidity.

5  | REL A XING INCISION

LHH often involve an open and large hiatus esophagus. Particularly 
for PEH, hiatus reefing often involves excessive tension. Mesh re‐
inforcement after reefing with too much tension results in a high 
recurrence rate of hernia.53 Therefore, we perform treatment to 
relax this tension by making a relaxing incision for these cases.54‒59 
However, there have been few reports on relaxing incisions so evalu‐
ations on the incision site and the effects thereof are insufficient.

The criteria for making a relaxing incision have not been estab‐
lished as yet. It is used when bringing the left and right crus closer 
during	surgery	and	there	 is	too	much	tension	thereon.	 In	Western	
countries, it is common to make a relaxing incision between the 
right crus and the inferior vena cava, a reportedly simple proce‐
dure.53‒56,58	When	the	site	at	which	a	relaxing	incision	is	to	be	made	
has inadequate intensity, is scarred, or the distance between the 
inferior vena cava and the right crus is close, the relaxing incision 
should be made on the left side of the hiatus esophagus, but it may 
be placed on either side when the lateral incision cannot result in 
adequate relaxation.53‒56,58 On the other hand, Yano et al made the 
incision on the left side to avoid injuring the inferior vena cava.57 
For making a relaxing incision on the right side, attention should be 
paid to avoid injuring the anterior crural vein or the thoracic duct. 
Make the incision along the right crus toward the right chest cavity. 
Regarding the left side, avoiding injuring the left phrenic nerves is 
essential.	While	Yano	et	al	made	an	incision	along	the	left	crus,	ap‐
proximately 1 to 2 cm from the lateral margin of the left crus, it is 
common	in	Western	countries	to	make	an	incision	between	the	left	
crus and the seventh rib, sometimes reaching the lateral side beyond 
the spleen to obtain sufficient relaxing effects.53,57,58 After the inci‐
sion, hiatal reinforcement using mesh is added.

Table 2 shows the surgical outcomes in accordance with the sites 
of	the	relaxing	incision.	Among	all	46	cases,	a	right	incision	was	made	
in 33 cases (72%), a left incision was made in 10 cases (22%), and an 
incision	was	made	on	both	sides	in	three	cases	(6%).	Biologic	mesh	
was	used	 in	36	cases	 (78%),	while	 synthetic	mesh	was	used	 in	10	
cases (22%). There were no reports on procedural accidents during 
surgery, suggesting no problems with the safety of surgery.

Thirteen cases (28%) experienced recurrence during the postop‐
erative follow‐up period. Among the 12 cases excluding one with an 
unknown site of recurrence, the recurrence was on the right side in 
seven cases (58%), the left side in four cases (33%), and both sides in 
one case (9%). The recurrence rate was 21% on the right side (7/33), 
40% on the left side (4/10), and 33% on the both sides (1/3). The two 
cases requiring re‐surgery (4%) due to a diaphragmatic hernia were 
carried out on the left side.54 Among 31 cases excluding the reports 
in which the details on the mesh used were unknown,55 there was no 
significant difference in the recurrence rate between the mesh types 
(biologic	mesh	38%	 [10/26],	 synthetic	mesh	40%	 [2/5]).	However,	
Crespin et al54 recommend using synthetic mesh for the prevention 
of postoperative diaphragmatic hernias when making a relaxing inci‐
sion on the left side.

The decreased rate of tension after making a relaxing incision 
was	reported	to	be	46%	on	one	side	and	56%	on	both	sides.58,59 A 
relaxing incision enables crural repair in a tension‐free state, lead‐
ing to an anticipated decrease in the recurrence rate. However, the 
usefulness of making a relaxing incision remains unproven for the 
prevention of LHH recurrence. The recurrence rates after primary 
closure, primary closure + biologic mesh and relaxing incision + bio‐
logic	mesh	were	58%,	38%	and	56%.54

From the above, while making a relaxing incision is useful for pri‐
mary tension‐free closure during surgery when there is too much 
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tension during crural repair, it has yet to contribute to improvement 
in the recurrence rate.

6  | COLLIS GA STROPL A ST Y

SE arises from chronic acid reflux leading to fibrillation and constric‐
tion of the esophagus.6	While	 the	 incidence	of	SE	was	 reportedly	
1.53% among GERD patients and 11.87% among PEH patients,25 
it has also been reported that severe transmural esophagitis and 
fibrosis resulting in true esophageal shortening is a very rare con‐
sequence.17 According to the guidelines, “At the completion of hi‐
atal repair, the intra‐abdominal esophagus should measure at least 
2‐3 cm in length to decrease the chance of recurrence. This length 
can be achieved by mediastinal dissection of the esophagus and/or 
gastroplasty.” It is essential to ensure the length of intra‐abdominal 
esophagus for carrying out ARS.

In the event that SE was diagnosed after sac excision and suffi‐
cient mediastinal dissection of the esophagus during operation for 
ITS, as Blake et al13 suggests, Collis gastroplasty (CG) and fundopli‐
cation should be carried out if the esophageal motility is ensured. 
Nason et al7 also carried out CG if they were unable to ensure that 
the intra‐abdominal esophagus was tension‐free. Many argue that 
CG should be performed when an intra‐abdominal esophagus can‐
not be adequately ensured. On the other hand, it has been reported 
that CG is not necessary by conducting mediastinal esophageal mo‐
bilization,60 and that Hill gastropexy combined with Nissen fundo‐
plication resulted in an outcome equivalent to Collis‐Nissen (CN).61

In the surgery for SE, it is necessary to create a neoesophagus as 
an intra‐abdominal esophagus. For the creation thereof, a laparoscope 
can	be	used	on	its	own	or	in	combination.	When	a	laparoscope	is	used	
on its own, the methods include the wedge technique62,63 proposed 
by Terry64	and	Whitson,65 a method involving creating small stomata 
on the upper body of the stomach body using an end‐to‐end anasto‐
mosis stapler and dissecting the stomach from the stomata toward the 
esophageal longitudinal axis,66 and a method involving approaching the 

laparoscope and dissecting the stomach along the esophageal longitu‐
dinal axis.67 Regarding fundoplication, floppy Nissen and Toupet fun‐
doplication are selected based on the esophageal motility evaluation.7

CN surgery as a form of minimally invasive surgery was reported 
in	1996	to	have	good	outcomes	in	three	cases.5 Mattioli et al reviewed 
the outcomes of minimally invasive CN in 2015.67 According to the au‐
thors, as the deviation of the number of cases was large (3‐454; me‐
dian 15), they extracted five reports including 50 cases or more.62,63 
These reports showed good outcomes as follows: mortality 0%‐1.7%; 
morbidity 8%‐28%; postoperative dysphagia 0%‐37%; postoperative 
reflux	 symptoms	1.9%‐28%;	and	anatomical	 recurrence	2.5%‐16.6%,	
with a satisfaction level of 93%‐98%.

From the above, the CG is effective when it is difficult to ensure 
an intra‐abdominal esophagus.

This article summarized the current state of ARS, as it may be 
carried out going forward for large PEH, CG, and redo ARS, in which 
it is difficult to carry out laparoscopic surgery.

7  | CONCLUSION

The feasibility and safety of laparoscopic repair for LHH and PEH 
have been nearly established. Although the outcomes of elective 
repair are obviously better than emergency repair, attention should 
be paid to performing elective repair on patients with no symptoms, 
taking into consideration their age and complications. Although not 
a major clinical problem, following PEH repair, the rate of anatomi‐
cal recurrence increases with age. Although it has been a long time 
since the clinical application of mesh, the long‐term effectiveness 
of	mesh	remains	controversial.	We	anticipate	an	early	conclusion	to	
this problem by increasing the rate of follow‐up as much as possible.
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TA B L E  2   Surgical outcomes by the location of the relaxation incision

Author Samples Location Mesh
Perioperative 
complications

Median follow‐up 
mo (range) Recurrence Re‐revision

Crespin et al54 16 Right: 12 Biologic None 9	(6‐83) 6	(50%) 0

Left: 3 2	(67%) 2	(67%)

Bilateral:1 1 (100%) 0

Greene et al55 15 Right: 13 Biologic:10 
Synthetic:5

None 15 (1‐27) 1 (7%, location is 
unknown)

0

Left: 1

Bilateral:1

Alicuben 
et al56

10 Right: 8 Biologic N/A 5 (unknown) 1 (13%) 0

Left: 1 0

Bilateral:1 0

Yano et al57 5 Left: 5 Synthetic None 13 (9‐24) 2 (40%) 0

Abbreviation: NA, not available.
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