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Large hiatus hernia: time for a paradigm 
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Abstract 

Background:  Laparoscopic large hiatal hernia (LHH) repair remains a challenge despite three decades of ongoing 
attempts at improving surgical outcome. Its rarity and complexity, coupled with suboptimal initial approach that is 
usually best suited for small symptomatic herniae have contributed to unacceptable higher failure rates.

Results:  We have therefore undertaken a systematic appraisal of LHH with a view to clear out our misunderstandings 
of this entity and to address dogmatic practices that may have contributed to poor outcomes.

Conclusions:  First, we propose strict criteria to define nomenclature in LHH and discuss ways of subcategorising 
them. Next, we discuss preoperative workup strategies, paying particular attention to any relevant often atypical 
symptoms, indications for surgery, timing of surgery, role of surgery in the elderly and emphasizing the key role of 
a preoperative CT imaging in evaluating the mediastinum. Some key dissection methods are then discussed with 
respect to approach to the mediastinal sac, techniques to avoid/deal with pleural breach and rationale to avoid Collis 
gastroplasty. The issues pertaining to the repair phase are also discussed by evaluating the merits of the cruroplasty, 
fundoplication types and gastropexy. We end up debating the role of mesh reinforcement and assess the evidence 
with regards to recurrence, reoperation rate, complications, esophageal dilatation, delayed gastric emptying and 
mortality. Lastly, we propose a rationale for routine postoperative investigations.
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Introduction
The history of the hiatus hernia and its repair is rich and 
eventful. It took nearly half of a century between its first 
description by Bowditch in 1853 and a reported case of 
elective open repair by Soresi in 1919. About seven dec-
ades later the first laparoscopic hiatal hernia repair was 
undertaken by Dallemagne in 1991. Shortly after, in 
1992, Cusheri performed a repair for a large hiatus her-
nia, and a year later mesh reinforcement of laparoscopic 
paraesophageal hernia was described. Over the last 
three decades the laparoscopic approach to large hiatal/
paraesophageal hernia repair has become increasingly 
ubiquitous.

However, whilst repair of small symptomatic sliding 
hiatal herniae has been well described and has yielded 
good outcomes the same cannot be said of large hiatal 
herniae (LHH). Its rarity and complexity, coupled with 
suboptimal technical approach that is usually best suited 
for small defects have contributed to unacceptably high 
failure rates. Moreover, the range of confounders present 
in published series on LHH makes it difficult to reach any 
meaningful conclusion and also to draw relevant com-
parisons across various series. The absence of good qual-
ity evidence has resulted in lack of clarity in EAES and 
SAGES guidelines, thus leaving the decision to the indi-
vidual surgeons. It is therefore not surprising that a sur-
vey of international surgeons has shown wide variations 
of techniques and use of mesh [1, 2].

It is time to address innumerable unanswered contro-
versies related to this topic as, with improvement in life 
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expectancy and better management of comorbidities, 
bigger numbers of LHHs occurring in an aging popula-
tion are bound to be repaired. In fact, the proportion of 
LHH that makes up the caseload of a specialised unit in 
Australia has increased from 10 to 30% [3]. An intensi-
fied workload of such complex benign surgery in elderly 
patients has the potential for a corresponding increased 
rate of morbidity and mortality, with an inherent associ-
ated cost, if evidence-based practice remains suboptimal. 
We therefore propose a systematic appraisal of LHH, 
stressing on definition of terms, preoperative assess-
ment, techniques of dissection and repair, and postopera-
tive care. We pay particular attention in deconstructing 
some dogmas (such as use of Collis gastroplasty) that has 
infiltrated surgical practice due to the void caused by lack 
of good quality data and may have contributed to poor 
outcomes.

Definition of terms
Whilst hiatal herniae (HH) are defined as per the Hill 
classification, there are no clear well-defined terms to 
categorise what a large hernia really means. Various 
terms such as intrathoracic, giant and complex hernia are 
often used loosely or interchangeably but without prop-
erly defined objective measurement. Our aim is to pro-
pose a more reliable and practical classification method 
for such large HH.

Large HH can be subclassified based on the volume of 
stomach in the thoracic cavity or on the size of the hiatus. 
Intrathoracic stomach is defined as a hernia with at least 
a third of the stomach in the chest [4], whereas a giant 
hernia demonstrates > 30–50% of the stomach incarcer-
ated in the mediastinum. They mostly include Hill type 
3 and 4 herniae [5]. More complex type 4 herniae con-
tain stomach and additional viscera e.g. colon, spleen, 
pancreas. At laparoscopy the volume of stomach herni-
ating into the chest can be determined by looking at the 
part of the stomach that is found at the level of the crura. 
The pylorus, crow’s foot or a point halfway between the 
crow’s foot and the angle of His at the crura usually cor-
respond to 100, 75 or 50% of the stomach having herni-
ated respectively [6].

Crural defect size can be more directly and objectively 
measured with tape or using graspers as surrogate of size. 
Champion considered 5 cm as being the threshold for the 
hernia to be deemed large [7]. Alternatively the area cre-
ated by the crural defect can be calculated by measuring 
the radius of the defect and the size of the arc [8]. The 
surface area 10–20  cm2 is considered large and > 20  cm2 
is termed huge or giant [9].

Accurate description of the hernia by size is important 
when investigating outcomes by hernia size. Very often 
herniae are deemed large subjectively rather objectively. 

Also, the appropriate classification of the hernia helps 
to prognosticate recurrence as often recurrence is 
size dependent. We propose that a sliding hiatus her-
nia ≥ 7 cm and/or ≥ 50% of the stomach having herniated 
through the crura being considered LHH.

Rationale for operating
Evolution from routine to selective operating in patients
In the twentieth century most large, even asymptomatic, 
paraesophageal herniae (PEH) were repaired in order to 
avoid the risk of complications which could lead to the 
patient’s demise. This was borne out of previous reports 
that quoted a mortality rate of 26% should patients pre-
sent on emergency with complications from their her-
niae, compared to reduced mortality of 2% when those 
herniae are repaired electively [10, 11].

However, a Markov analysis in 2002 did put the risk of 
non-intervention into perspective. Essentially, patients 
older than 65 years with no or minimal symptoms from 
their hernia had a 1.16% risk per year of needing an 
urgent operation [12]. Thus, the lifetime risk reduces 
significantly from 18% for a 65-years-old to 7% for an 
octogenarian. A subsequent similar analysis showed an 
improvement in Quality-of-Life (QoL) expectancy by 
5 months with non-operative approach for those patients 
[13]. A 10  year audit of the National Inpatient Sam-
ple database in US showed only 0.9% admission rate for 
complicated PEH [14]. Hence watchful waiting has been 
deemed more appropriate for minimally symptomatic 
and older patients.

Elicit both typical and atypical symptoms when evaluating 
LHH
Marked deformity around the gastroesophageal junction 
can lead to typical symptoms of reflux and dysphagia. A 
disruption of the phrenoesophageal ligament, oblitera-
tion of the angle of His and an enlargement of the crural 
orifice disrupt the sphincter mechanism. A large par-
aesophageal hernial component can also compress the 
lower esophagus, thus exacerbating even further those 
symptoms. We however note that LHH do not typically 
present with significant reflux as do smaller ones.

Patients with large herniae often present with other 
atypical symptoms. Some can develop symptomatic iron 
deficiency anaemia secondary to chronic blood loss from 
Cameron’s ulcers. These are mucosal ulcerations which 
result from pressure effect of the esophageal diaphrag-
matic hiatus onto the stomach. However, all PEH patients 
with anaemia should be investigated for other causes 
of blood loss with colonoscopy and pill cam study in 
selected cases.

Breathlessness or dyspnoea can be a presenting symp-
tom of such large herniae due to direct mechanical effect 
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on the lung, ventilation/perfusion mismatch and aspira-
tions. A study on 30 patients with giant hiatal herniae 
showed resolution of preoperative shortness of breath 
after repair [15]. An improvement of FEV1 and FVC 
by about 20% was noted by Low et al. in their study on 
intrathoratic herniae, with two patients even discontinu-
ing home oxygen post surgery [16]. Patients need to be 
evaluated very carefully and operation not offered sim-
ply to improve the lung function if patient is not overtly 
dyspnoeic.

Patients can also present with syncopal episodes or diz-
ziness due to cardiac compromise from mass effect of 
the hernia on the heart. Recent investigations have also 
shown post-prandial reduction in ejection fraction and 
right atrial/ventricular volume in patients with > 30% 
intrathoracic hernia. This effect is reversed post opera-
tively with a corresponding improvement in exercise 
tolerance [17, 18]. Such demonstration of cardiac inflow 
compromise needs to be carefully undertaken and echo-
cardiography performed before cardiac compromise can 
be ascribed to the hernia. Other potentially alarming 
symptoms in the context of LHH include persistent epi-
gastric and chest pain, recurring regurgitation and vom-
iting, and severe dysphagia to solid food and liquids.

Timing of surgery for acutely symptomatic patients: 
acute if you must, subacute staged approach if you can, 
but avoid prolonged delayed repair
Patients with large hiatus hernia who present acutely 
need careful assessment. If they are fit to undergo an 
operation, then it needs to be offered. There is evidence 
to show that a simple conservative approach in such 
symptomatic patients has a risk of mortality of 16% [19]. 
However, there is also a 16% risk of death associated with 
acute intervention. This is due to the significant compli-
cations that those patients present with (perforation with 
mediastinitis, aspiration), which leads to significant phys-
iological compromise peri operatively. In addition, these 
patients are generally elderly with significant comor-
bidities. So, is there a way of improving on the mortal-
ity of those who need urgent intervention? There may be 
a role for a subacute staged approach for those who are 
not in an immediate organ threatening situation. Two 
series looking at those who present acutely with large 
hiatal herniae found that only less than 12.5% required an 
emergency operation, with the rest being able to proceed 
to semi-elective or elective repair with no increase in 
mortality [20, 21]. The delayed strategy includes decom-
pression, restoration of physiological deficits, institution 
of enteral nutrition, careful anaesthetic evaluation and 
referring the patient to an experienced team of lapa-
roscopic surgeons for the repair. Interrogation of the 
NSQIP database however suggests that the delay should 

be used for patient optimisation but that a prolonged 
delay will impact adversely on patient outcome [22].

Can we operate on elderly patients? The risks are high 
and the key is careful selection
There are a few factors intrinsic to laparoscopic LHH 
repair that make the endeavour fraught with risks. The 
operation itself can be prolonged, which in turn can have 
adverse effect on respiratory and cardiovascular system 
of those patients who often have underlying co-morbid-
ities such as obstructive airways disease or cardiomyopa-
thy. Mediastinal dissection with the risk of pleural breach 
causing a pneumothorax or pericardial injury can be 
poorly tolerated intra- or post-operatively.

A nationwide audit in the US showed an increased 
mortality rate of 15.6% when repair was performed in 
octogenareans. Another retrospective study comparing 
outcomes in age groups (< 69, 70–79 and > 80) found not 
difference in mortality but showed that 13.3% of octo-
genareans required prolonged intubation and ICU stay 
[23]. Interestingly, an assessment of the NSQIP data-
base showed that it is not the absolute age but rather the 
frailty score, or physiological frailty, which is associated 
with increased complication and mortality rates [24].

Unsurprisingly, Oor et al. demonstrated that a strategy 
of operating on well selected patients can lead to a good 
outcome irrespective of age. There was no 30-day mor-
tality in patients either over or below 70  years old who 
underwent repair of LHH. The only difference was that 
elderly patients had a longer length of hospital stay [25].

Shrinking left lateral lobe can improve hiatal exposure
The left lateral lobe overhangs the esophageal hiatus 
and requires mechanical retraction to enable safe hiatal 
hernia repair. The presence of an enlarged fatty left 
lobe makes the repair of a LHH even more challenging 
and hazardous. Firstly, the prolonged retraction of the 
enlarged left lateral lobe can lead to injury and ischemia. 
Secondly, it obscures the large hiatus and right crus. 
Dissection becomes more difficult with higher risk of 
inadvertent trauma to the liver. It also compromises the 
view required for safe mediastinal dissection, especially 
should the pneumoperitoneum need to be reduced or 
in the setting of a pneumothorax. The repair phase is 
also harder especially whilst suturing of the stomach 
to the diaphragm and right crus during a Dor anterior 
fundoplication.

In anticipation of this problem the senior author 
assesses the size of the left lateral lobe with CT-imag-
ing, especially in patients with BMI > 30 who are at risk 
of liver steatosis. In case of hepatomegaly the patient is 
given a very-low-calorie replacement diet of Optifast 
for one or two weeks preoperatively, which has been 
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associated with significant left lobe shrinkage in the 
author’s experience.

Large hiatal herniae require a different evaluation 
strategy
Although the investigative armamentarium at the dis-
posal of the surgeon is the same for small or large hiatal 
herniae, the latter require a different approach. The aim 
is to assess for anatomical rather than functional issues.

Luminal anatomy is assessed with a gastroscopy. The 
length of the esophagus is measured by assessing the 
position of the gastroesophageal junction with respect to 
the crural impression. This is often inaccurate due to ana-
tomical contortion and lack of appreciation of the elastic-
ity of the esophagus, which is best noted intraoperatively. 
The mucosa is assessed for Barrett’s changes, which can 
be present in up to 13% of those patients. Strictures and 
esophagitis are also noted as they may predict the pres-
ence of a shortened esophagus. Cameron’s ulcers are 
looked for, usually at the level of the crura which causes 
pressure related mucosal ulcerations. In the acute setting 
gastroscopy is useful to assess mucosal viability in equiv-
ocal cases, and help inserting a feeding nasojejunal tube 
in case a staged delayed approach to repair is entertained.

Extraluminal anatomy is best assessed with an upper 
abdominal/chest CT with oral and iv contrast. The extent 
of mediastinal involvement is appreciated on the coronal 
slices. The size of the hernial sac, cranio-caudal extent of 
the hernia and relationship to the pericardium and lungs 
can be objectively appreciated and calculated. The con-
tents of the sac are also noted and would commonly con-
tain the stomach and omentum. The transverse colon can 
be present which poses no great issue. However, the pres-
ence of the spleen, tail of pancreas or even the left lateral 
lobe of the liver increase the complexity of the opera-
tion and may well require a multidisciplinary approach 
to management. The location of the splanchnic vessels, 
especially left gastric and splenic arteries, should be care-
fully noted as any distortion of the anatomy could cause 
inadvertent injury especially during posterior dissection 
at the level of the crura. The axial view of the abdominal 
CT is also useful in assessing intercrural distance, which 
would predict the likelihood of needing mesh reinforce-
ment. In the acute setting an emergency CT assesses for 
volvulus, ischemia and perforation.

Functional studies such as manometry and pH stud-
ies have the theoretical benefits of confirming reflux and 
excluding motility disorders. However, they are mainly 
useful in work up of small hiatal herniae. In more than 
50% of the time the probes are not able to negotiate the 
distorted anatomy of the gastroesophageal junction. Also, 
the senior author usually performs an anterior Dor fun-
doplication, which does not compromise those patients 

who may have underlying undiagnosed esophageal motil-
ity disorders.

Extra-gastrointestinal tests may be indicated in selected 
patients. A preoperative cardiac echo is performed with 
a history of syncope or dizziness, or in the presence of 
already known cardiac condition. This will allow direct 
comparison with post-operative echocardiogram. The 
latter is always performed to document the absence of 
pericardial effusion/haematoma secondary to mediasti-
nal dissection. Lung function tests (FEV1, FVC) is also 
relevant in those who may develop dyspnoea secondary 
to the compressive effect of the hernia.

Need for good technique of dissection
Who should operate?
A recent cohort study has shown that those LHHs are 
usually present in older patients, have significantly larger 
defects and carry a higher risk of intra- and post-oper-
ative complications, compared to small herniae [26]. 
Hence, there is a need for such cases to be centralised 
in dedicated units with intensive care facility and under-
taken by experienced laparoscopic surgeons, as there is 
clear correlation between surgeon volume and patient 
outcome. Furthermore, the conversion rate in specialised 
centres remains low at around 1.5%. This in itself can also 
improve morbidity, post-operative pain and length-of-
stay [27, 28]. A survey of cases from the National Inpa-
tient Sample in the US has shown that surgeon volume 
of > 20 cases per year leads to reduced surgical and medi-
cal complications [29].

The benefit of laparoscopic approach by an experienced 
surgeon extends to the follow up period with a recog-
nised reduced long-term recurrence rate [30]. Functional 
outcome also improves with dysphagia rate decreasing 
from 22 to 4%, once the surgeon has performed more 
than 100 cases [31].

Prevention and management of intraoperative 
pneumothorax
Mediastinal dissection for LHH is likely to cause pleural 
breach and pneumothorax, that may significantly affect 
ventilation/oxygenation although its magnitude cannot 
be predicted. It should be avoided, especially in patients 
with concomitant lung disease. If left unrecognised this 
could lead to hypotension from reduced venous return 
with the need for inotropic support. This may also have 
serious adverse effect in those with cerebrovascular dis-
ease or mesenteric vascular disease.

Falk suggests that prevention is the key. Careful medi-
astinal dissection is required with sweeping motion 
performed towards the lung. Should there be a pleural 
breach it should be recognised and dealt with promptly. 
The pleural defect can be endolooped, sutured or clipped 
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[32]. At any rate, with modern surgical and anaesthetic 
techniques it is rare to convert to open purely for an 
intraoperative pneumothorax. The incidence of a pneu-
mothorax is often underreported as the lung generally 
rapidly re-expands postoperatively. In a series of fun-
doplications for intrathoracic herniae, 6.25% of patients 
were noted to have symptomatic pneumothorax [33]. 
In case of recognised pleural breach during surgery, the 
author will routinely request a chest Xray in recovery 
to confirm complete lung re-expansion. Also generally 
unnecessary, insertion of a pleural drain may be useful in 
the presence of a persistent pneumothorax.

Need for hernial sac dissection
In 1999 Watson et  al. reported an ‘extrasaccular’ 
approach to mediastinal dissection of a large hiatal her-
nia [34]. They penetrated the sac close to the edge of 
the hiatal defect and then entered the mediastinal areo-
lar plane before bringing the whole sac and its contents 
back into the abdominal cavity. This avoided traumatic 
manipulation and injuries to the stomach. A stomach 
first approach is more difficult especially as it is adherent 
to the sac posteriorly. Such an approach would also be 
associated with an increased risk of vagal injuries. They 
found that the conversion rate to open was reduced from 
40 to 9% with this technique.

Complete hernial sac dissection and excision is nec-
essary but could theoretically lead to distal esophageal 
devascularization and potentially leaks. In fact, in a series 
on LHHs there were only two leaks noted in 131 patients. 
Those leaks were delayed (at 7 and 18  days postopera-
tive), which makes them more likely to have been second-
ary to esophageal suturing performed during the Toupet 
fundoplication [35]. Whilst sac excision is preferable, the 
extent of its dissection is dependent on the likelihood of 
a safe and uncomplicated excision, indication for surgery 
and skillset of the surgeon.

Collis gastroplasty: best to avoid
Collis gastroplasty (CG) is performed in the setting of 
a LHH repair whenever a shortened esophagus (SE) 
is diagnosed. This entity has been defined by Barrett in 
1950 as a situation where the esophageal length is insuf-
ficient to allow the gastroesophageal junction (GEJ) to lie 
below the diaphragm by 2–3 cm.

There are some conditions that predispose to the short-
ened esophagus such as long esophageal stricture, exten-
sive Barrett’s changes, or grade 3 or 4 esophagitis. These 
have been mostly prevented by the widespread use of 
proton pump inhibitors prior to hiatal repair. However, 
a review of the literature as shown that the technique is 
employed more than expected and there is great variabil-
ity in reporting of CG, ranging from 0 to 80% [10, 36, 37]. 

Even across series from the same institutions the rate of 
Collis has varied in time. Thus, Luketich et  al. reported 
a decrease in rate from 86 to 53% [38] whereas Zehetner 
et  al. showed an increase in rate of uptake of the tech-
nique from 0 to 40% [39]. Such inconsistency suggests 
that CG is perhaps being done for the wrong indication.

Why is there such variability in uptake of that tech-
nique? This is because SE is being over-diagnosed. 
Esophageal shortening is not a single entity but rather a 
conglomerate of 3 subtypes as defined by Horvath [40]. 
Apart from the rarer true non reducible SE there are 2 
more common situations encountered. There could be an 
‘apparent SE’, such as in large intrathoracic herniae when 
in fact at the time of the operation the GEJ can be repo-
sitioned intraabdominally following adequate esopha-
geal mobilisation. Then there is the ‘true reducible SE’ 
whereby there ought to be proper full mediastinal dis-
section of the esophagous to enable caudal displacement 
of the GEJ back below the diaphragm. Often the SE is 
judged via preoperative investigations such as a barium 
contrast study, which has a positive predictive value of 
only 50% for large herniae. Any preconceived expectation 
of the surgeon can allow an erroneous use of CG when it 
is not required. In fact, the SE can only reliably be diag-
nosed intraoperatively. Unfortunately, this assessment is 
often done suboptimally and for various reasons. There 
needs to be an aggressive extra-saccular mediastinal dis-
section before proper evaluation for SE can be under-
taken. It can be difficult to assess the true position of the 
GEJ due to the presence of an unresected fat pad or only 
partially resected hernial sac. That is why LHHs need to 
be performed by expert laparoscopic high-volume sur-
geons who can make a proper intraoperative assessment 
and hence avoid an unnecessary Collis.

Swanstrom showed 80% of patients with a preoperative 
possible diagnosis of SE ended up having the GEJ that 
could actually be mobilised intraabdominally [41] purely 
by proper dissection technique and expert intraopera-
tive assessment. There are many reasons to be cautious in 
performing a CG. There is a risk of esophagitis associated 
with it due to the presence of trapped oxyntic cells in the 
distal neo-esophagus. The wrap and reduced distal motil-
ity of that neo-segment may also give rise to esophagi-
tis and dysphagia. The main risk of the technique is a 
leak which occurs in 2–7.5% of cases [42]. It is report-
edly more common when performed via the abdominal 
approach due to crossing of the staple lines. There is also 
the added risk of fundal ischemia when the short gastric 
vessels are taken. A large series from Pittsburg on giant 
hiatal hernia repairs showed that 88% of leaks were noted 
in patients who had undergone a Collis gastroplasty [38]. 
Such leaks can be life threatening and lead to escalation 
of surgical management. Morino et  al. reported on a 
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patient with a LHH who underwent a Collis gastroplasty 
that was complicated by delayed perforation and requir-
ing esophagectomy with colonic interposition graft [42].

Repair technique
Cruroplasty: where and how?
Cruroplasty is a crucial step in the reconstructive phase 
of the hiatal hernia repair. Posterior cruroplasty is the 
traditional method used and involves approximation 
of the crura behind the esophagus. Sometimes an addi-
tional anterior cruroplasty may be required to prevent 
additional posterior reinforcement from causing sigmoid 
deformity of the esophagus, thus causing dysphagia. Falk 
et al. have shown that with time recurrence occurs ante-
riorly due to deterioration in the strength of the central 
tendon, hence the importance of the anterior sutures in 
some cases [6].

Interrupted non absorbable sutures such as Ethibond 
have been favoured for cruroplasties. More recently 
some surgeons have experimented with running barbed 
sutures (V-Loc Covidien or Stratafix Ethicon) with good 
result [43]. The potential advantage is that the tensile 
strength afforded by the running suture is spread more 
evenly across the crural pillars.

However, in the presence of a very wide crural defect 
it may sometimes not be possible to perform satisfac-
tory cruroplasties due to excess tension after crural 
apposition. In addition, the quality of the pillars is poor, 
made of attenuated muscle fibres with very little fascia. 
In those situations, relaxing lateral incisions to allow 
better medialization of the crura are often used and the 
resulting defects reinforced with mesh. This can reduce 
the tension on the crura by 50%. A right-sided incision 
should be favoured and if a left-sided one is performed 
then a permanent mesh should be used as reinforcement 
[44]. However, the repeated stress from about 20,000 
diaphragmatic movements a day can easily disrupt the 
repair. Hence additional mesh reinforcement is often 
required.

Should fundoplication be performed and which one 
to choose?
The anatomical rationale for the fundoplication is to 
restore the angle of His and hence act as a gastropexy. 
The added value of fundoplication is reduction of the risk 
of reflux that occurs after full disruption of the GOJ com-
plex that occurs in the process of hiatal dissection. This 
said, most patients with LHH do not have reflux as the 
main presenting complaint. Nevertheless, a fundoplica-
tion is still advocated in order to reinforce the cruroplasty 
and thereby aiming at preventing recurrence. Anterior 
fundoplication such as Dor also anchors the stomach to 
the diaphragm and crus, thereby preventing the risk of 

delayed cranial migration of the stomach, unlike simpli-
fied Nissen fundoplication. Another benefit of partial 
wrap is that insertion of a bougie for esophageal calibra-
tion is unnecessary, thus avoiding the potential risk of iat-
rogenic injury.

Up to 65% of patients without an added fundoplica-
tion have noted to have reflux post repair. Furnee showed 
a benefit of having an antireflux procedure in those 
patients with known reflux disease, with increased nor-
malisation of lower esophageal acid exposure and no 
increased dysphagia rate [45]. DeMeester even showed 
a benefit for those with intrathoracic herniae in terms of 
reduction in acid exposure on pH studies when fundopli-
cation was added, even if the patients had very intermit-
tent marginal reflux symptoms [46].

A recent literature review on LHH looking at mesh vs 
suture repairs yielded 19 comparative studies. All had 
undertaken fundoplications, but only 16 published the 
type used. Eleven had performed a Nissen, six did Toupet 
and only two did a Dor repair. This preferred choice for 
LHH is surprising as a Dor type fundoplication with the 
stomach being secured to the diaphragm and the right 
crus would be better at preventing wrap migration than 
a Nissen type repair. Furthermore, the severity of reflux 
symptoms in this category of LHH is generally low, thus 
not worrying enough to warrant a full 360 degrees Nis-
sen fundoplication that is not without any unnecessary 
consequences for the patients such as increased risk of 
postoperative dysphagia, chest pain, inability to belch or 
vomit. This might also offer a potential reason for early 
recurrence post repair. Interestingly Jamieson’s group 
from Adelaide had shown that a partial anterior fundopli-
cation provides good clinical improvement and patient 
satisfaction in cases of LHH [47].

‘Telescoping’ is another type of recurrence that has 
been described. It tends to occur if the esophagus is not 
secured below the diaphragm. A modified cardiopexy 
has been described by some authors whereby the car-
dioesophageal junction and posterior wrap is secured 
to the median arcuate ligament [48]. Instead, the senior 
author of this paper performs a routine esophagopexy in 
addition to an anterior Dor fundoplication.

Is there a role for PEG or simple gastropexy?
There is no strong evidence regarding the usefulness 
of any form of simple gastropexy in preventing recur-
rence in the setting of LHH. A series on large HH repairs 
showed that all patients who had gastropexy as the only 
form of treatment were found to have recurrence within a 
week [49].. A multivariate analysis performed on patients 
undergoing laparoscopic paraesophageal hernia repairs 
also found that a simple gastropexy was an independ-
ent risk factor for recurrence [50]. Hence there seems to 
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be no role for this as the only treatment during an elec-
tive repair of a LHH repair and this simplified technique 
should be abandoned.

Role of mesh in large HH repair
Recurrence rate
Two meta-analysis (MA) in 2016 have shown a benefit 
of the mesh in reducing post-operative recurrence. Tam 
et  al. showed a 49% reduction in odds of recurrence 
after mesh reinforcement (OR 0.51, 95% CI 0.25–0.80, 
p = 0.007) [51]. Huddy et  al. found a 64% reduction 
in odds of recurrence (OR 0.36, 95% CI 0.17–0.77, 
p = 0.009), although the heterogeneity level was much 
higher in this study [1]. We note that both MAs consid-
ered recurrence when > 2 cm in size. They also included 
RCTs and comparative cohort studies in their analysis. 
Conversely, in a more recent study Menon et al. under-
took a MA with only previously published RCTs and 
showed the benefit of the mesh did not reach statistical 
significance (OR 0.65, 95% CI 0.5–5.41, p = 0.31) [52]. 
This MA included 5 RCTs with only one having a long 
enough follow up of 5 years [53] and one being appropri-
ately powered to look for difference in outcome between 
mesh and suture repair groups [54].

Does the choice of mesh [PTFE, polypropylene (PP), 
SIS] make any difference? Menon showed a non-signifi-
cant benefit of synthetic meshes (PTFE and PP) in recur-
rence prevention [52]. However, Huddy demonstrated 
a significant benefit of synthetic meshes (PTFE, PP and 
PTFE/PP), with OR 0.30, 95% CI 0.12–0.73, p = 0.008. 
We note that none of those two reviews had looked at 
those particular types of meshes separately. Two studies 
[55, 56] have shown a significant benefit of PP in reducing 
hernia recurrence, but this was not confirmed by others 
[9, 49, 54, 57, 58]. Frantzides’s RCT could demonstrate a 
significant benefit of PTFE in reducing recurrence after 
hiatal reinforcement although the study had recruited 
patients from 1991 to 2000 when LHH repair was at in 
its infancy and hence a non-reinforced large defect was at 
greater risk of recurrence [59].

Oeschlager and Watson looked at the potential long-
term (up to 5 years) benefit of biological small intestinal 
submucosa (SIS) mesh and produced conflicting results 
[53, 54]. Oeschlager showed a non-significant benefit 
of SIS in reducing recurrence, whilst Watson showed a 
non-significant benefit of suture repair over SIS. Both of 
those studies looked at recurrence > 2 cm. So, whilst there 
seems to be some benefit yielded by mesh reinforcement 
during hiatal repair, the potentially most promising pros-
thetic material remains unknown. This said, we believe 
that a new range of absorbable meshes such as Phasix™ 
have a promising future, as already demonstrated in the 
short-term follow-up [60].

Reoperation rate
Based on 4 RCTs, Memon et al. have shown a three times 
significantly increased risk of having reoperation with 
suture repair compared to mesh reinforcement [52]. Sim-
ilarly, Tam et  al. reported a 58% non-significant reduc-
tion in odds of reoperation with mesh [51]. We note that 
reoperation is not always a surrogate of significant hernia 
recurrence. Reoperations can happen for reasons other 
than recurrence such as esophageal laceration and mesh 
erosion. Also, not all patients with significant recurrence 
may consent for reoperation, mainly due to underlying 
risks (substantial comorbidities) or if it doesn’t impact 
negatively on their daily QoL.

Is any type of mesh protective against a reoperation? 
This has not been well studied by previous meta-analysis. 
Menon showed a non-significant benefit of non-absorb-
able meshes against reoperation rates but there was no 
assessment by specific mesh subtypes [52]. We identi-
fied four studies that looked exclusively at the role of PP 
meshes. Benefit was significant in Grubnik’s study [9], but 
non-significant in Koetje [57] and Oor’s [58] research. No 
difference was noted by Watson [54]. Frantzides’s [59] 
RCT showed a non-significant benefit of PFTE in pre-
venting reoperation, whilst Oeschlager [53] and Watson 
[54] showed a non-significant benefit with SIS.

In summary, there is currently no categorical signifi-
cant benefit of mesh usage in reducing reoperation rate. 
Similarly, there is no mesh type that is of proven benefit 
in that regard.

Major intraoperative and mesh related complications
A review of 28 cases of complications from meshes 
deployed at the hiatus was published by Stadlhuber in 
2009 [33]. Seventeen of those patients presented with 
mesh erosions and nine of them required major foregut 
resection: six esophagectomies, two partial gastrectomies 
and one total gastrectomy. Interestingly, whilst 75% of 
those meshes were synthetic (mainly PTFE and PP), the 
rest were from biological mesh (mainly Surgisis). A sub-
sequent review a decade later has again confirmed that 
PTFE and PP are associated with erosions with devastat-
ing consequences [91].

Whilst mesh erosions present late, there are other 
complications that can occur intraoperatively or 
become obvious in the early post-operative period. 
These are generally iatrogenic injuries associated with 
the extensive dissection required for LHH. Leeder 
reported two esophageal perforations which were 
repaired intraoperatively. Watson [54] declared two 
perforations, one from a bougie the other was noted 
on the third postoperative day. Casteljins reported an 
intraoperative esophageal perforation that required 
stenting, with subsequent need for resection and 
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conduit formation [61]. Luckily those complications are 
not very common. A review of the literature on LHH 
repair shows that the esophageal perforation and ero-
sion rates were at < 0.5% and < 0.75% respectively. Most 
patients recovered from the repair.

Is redo surgery worse after mesh? Parker et  al. noted 
that patients who had prior mesh reinforcement had a 
6–8 folds increased risk of requiring foregut resection 
compared to those who had only suture repair at index 
operation [62]. However, the risk of needing resection 
increased by four in those with no mesh but who had 
undergone multiple previous repairs. Interestingly, reop-
eration in those who had prior biologic mesh reinforce-
ment has been deemed to be easier as the remodelled 
diaphragm is stronger and represents a better platform to 
repeat suturing and reinforcement [63].

Does shape of mesh matter? The options are to use a 
U or a keyhole/circumferential shaped mesh. There are 
some proponents of the circumferentially deployment as 
it affords a better contact of the mesh with the surround-
ing tissue, resulting in perceived improved support. In 
addition, it allows overlap of the edges of the mesh, hence 
preventing recurrence as noted in incisional hernia repair 
[64, 65]. However, this is at the expense of grave risk of 
mesh erosion as noted as reported in the litterature [66–
68]. For instance, Chen who initially placed the mesh in 
a keyhole manner noted cases of synthetic mesh ero-
sions which all required thoracotomy and mesh removal. 
Hence the U-shaped deployment is favoured by most 
centres worldwide. Other techniques to minimise mesh 
erosions include preserving a cuff of tissue between the 
mesh and esophagus or using a small piece of a soft large 
pore mesh [69].

Need for esophageal dilatation
Post-operative dysphagia is due to a multitude of fac-
tors: esophageal dysmotility, tight cruroplasty, sigmoid 
deformity of the esophagus after repair, 360° fundopli-
cation or fibrosis due to the mesh. Whilst a few studies 
have reported on patients who required post-operative 
dilatation for dysphagia, only Ringley compared this 
rate between mesh and suture groups that was identical 
at 4.5% (1/22) [70]. This may also indicate that the type 
of fundoplication (3600 Nissen versus partial) probably 
plays a more important role in the incidence of post-
operative stenosis requiring esophageal dilatation [71, 
72]. This said, a good result was noted after a single dila-
tation although follow up period was only 12 months.

In comparison, Bragetto [73], Chen [66], Illyashenko 
[56] and Leeder [49] reported on overall dilatation rate of 
6.2% (5/81), 1.4% (1/69), 1% (1/98) and 2% (1/51) respec-
tively but provided no details in mesh vs suture groups.

Delayed gastric emptying
Dissection and repair of LHHs carries an increased risk 
of vagal nerve injury. This could potentially translate 
into delayed gastric emptying which is often noted post 
operatively. This phenomenon is also related to old age, 
diabetes and extended length of time stomach has been 
incarcerated in the mediastinum. This usually is self-lim-
iting although it can lead to prolonged NGT placement 
and increased length of stay. This outcome is not always 
investigated in the literature. In fact, we have found only 
one comparative study reporting that overall, 2.5% of 
patients required NGT post-operatively but eventually 
recovered without intervention [73].

Mortality
Mortality related to the mesh itself is associated with 
tacking and mesh erosion. In the acute setting tacking 
can lead to pericardial tamponade as outlined in Sec-
tion  7a (ii). A series published on the topic has shown 
that such tamponades to be fatal in 48% of the cases and 
that are obvious 1–2  days post operatively [74]. In the 
long run mesh erosions can lead to the need for foregut 
resection [33] which has an associated periprocedural 
mortality, especially as those patients are often older with 
comorbidities. However, reinterventions are often under-
taken in well selected patients and in tertiary referral 
units. In addition the follow up of those patients is either 
not well documented or is not undertaken for a long 
enough period [66, 75, 76]. Hence the reported mortality 
associated with mesh erosions in the literature is not as 
high as one would have expected.

Guidelines
The Society of American Gastroenterological Endoscopic 
Surgeons (SAGES) guidelines from 2015 [77] is equivo-
cal in its recommendation regarding the role of mesh 
in hiatal hernia repair, reiterating the lack of strong evi-
dence on its usefulness. However, it recognised that there 
may be a benefit in mesh reinforcement in LHHs in terms 
of decreased short term recurrence rate. The European 
Association of Endoscopic Surgeons (EAES) consensus 
guideline echoed the guarded suggestion from SAGES 
but recommending the selective use of the mesh in those 
patients with large crura and large hiatal defect [78].

There have been two surveys of European surgeons. 
Huddy et al. noted that 67% of responders used mesh (7% 
routine, 60% selective), with two thirds of those using 
synthetic rather than absorbable meshes. This uptake is 
surprisingly high given that 20% of those surveyed have 
had personal experience with mesh erosion in their prac-
tice [1]. Furnee surveyed European surgeons with regards 
to LHH repair [2]. 14.5% used mesh routinely and 77.6% 
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were selective users. 52.6% used polypropylene mesh. A 
survey of American surgeons in 2007 showed that 10% 
used mesh routinely with 46% favouring synthetic mesh 
(polypropylene and PTFE) and 28% using biomaterial 
[79]. NSQIP database in period 2011–14 showed a 39% 
mesh uptake in laparoscopic paraesophageal hernia 
repairs [29].

So, to mesh or not to mesh LHH?
Mesh reduces total recurrence significantly with a lesser 
impact on reoperation rate. The relative benefit of PFTE/
PP/SIS has not been proven on comparative studies. 
Overall, the mortality and major morbidity of LHH mesh 
repair is acceptable. Although rare, the risk of erosion 
from synthetic mesh is concerning and it is now time 
to consider other alternative. A close look at long-term 
study with synthetic and biological meshes suggests that 
the future may lie with biosynthetic meshes (BSMs).

Table  1 summarises the timing of publication (com-
parative, cohort studies) of meshes (synthetic, biological, 
biosynthetic) used in LHH. The evidence on BSM is dom-
inated by absorbable BioA, with four cohort and only one 
comparative study. New data on the more recent BSM of 
Phasix ST is now emerging, with a recent cohort study 
on LHH showing promising result, although follow up 

was short [60]. Phasix ST has an improved profile com-
pared to BioA as it handles better and is reabsorbed 
within 18  months, versus 6  months. The construction 
of well powered RCTs involving biosynthetics with long 
term follow up and paying particular attention to stand-
ardization of variables (such as type of hernia, surgical 
techniques) will hopefully determine if newer BSMs are 
in fact the answer we have been looking for.

Post op care
Acute inpatient care
Role of postoperative contrast study
In surgical practice the use of contrast swallow study in 
the immediate post-operative setting is variable. Some 
units prefer to do it routinely whilst others do it ‘on 
demand’ depending on the patient’s symptoms and pro-
gress. The rationale for a gastrograffin study would be 
mainly to exclude the diagnosis of an early iatrogenic 
esophageal perforation, before resuming oral intake. 
Likewise, the reason to opt for an immediate post-oper-
ative barium swallow study would be mainly to confirm 
success of the repair (formally excluding primary failed 
anti-reflux surgery), in the context of a clinical study or 
RCT. For instance, Watson et  al. [80] performed bar-
ium meals routinely in all the patients enrolled in their 

Table 1   Showing frequency of publication of studies on different types of mesh each year
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randomised controlled trial. Out of the 126 patients, 13 
ended up having reoperations. Of those, 6 (4.8%) had 
early repairs: 3 had a tight GEJ and 3 had acute hernia-
tions. It was hard to know which ones were subclinical 
and had repair before they became symptomatic. The 
same group found that actually 0.8% (1 in 125) benefitted 
from early post-operative contrast studies and resulted in 
an early reoperation [81].

In our institution we do not perform contrast studies 
routinely in the immediate post-operative period after 
LHH repairs. Our aim is to mainly focus on a swift post-
operative recovery as these patients are often old and 
frail, rather than actively looking for a potentially small 
residual hernia that would generally not warrant any 
immediate or even delayed surgical correction. Instead, 
we offer a routine endoscopy at 4 months and one year 
post surgery that offers, in our experience, a better 
alternative.

Role of cardiac echocardiogram
Although very rare this is a much dreaded almost fatal 
complication after LHH repair. It can arise after exten-
sive dissection around the pericardium. An unrecog-
nised inadvertent injury can lead to a haemopericardium. 
Alternatively, it can result in an ‘early pericardiotomy 
syndrome’ where a local inflammatory reaction can result 
in accumulation of serous fluid in the pericardial sac [82]. 
It can also arise as a result of mechanical related injuries. 
A review by Kockerling [74] revealed 25 cases of cardiac 
tamponade directly related to mesh fixation with either 
sutures or tacks, and leading to injury of the pericardium, 
coronary artery or vein, or epicardial artery. Such injuries 
with tacks are predictable given the depth of penetra-
tion (3.7–5.9  mm) relative to the diaphragmatic tendon 
(3  mm). The hemopericardium was usually clinically 
obvious by day 1-2 and fatal in 48% of the reported cases 
in the review mentioned.

Hence, the senior author never fixes the mesh with 
tacks near the diaphragm. Instead, the prosthesis is 
only secured with fibrin glue (Tisseel). Careful suturing 
is exclusively performed during the anterior partial Dor 
fundoplication, close to the repaired esophageal hia-
tus. More importantly, we routinely admit postoperative 
extubated patients to the high dependency unit where 
they undergo invasive 24  hours monitoring. A cardiac 
echocardiogram is then routinely performed to rule 
out a subclinical effusion/haemopericardium before it 
becomes symptomatic.

Long term follow up: selective or routine?
Patients undergoing repair for small symptomatic hiatal 
hernia are often young and are followed up regularly for 
long period of time due to the risk of recurrence during 

their lifetime. In comparison, the recurrence rate for 
LHH is even higher, ranging between 15 and 40% [30, 
83]. However, the data used to document the laparo-
scopic recurrences for LHH repair came from studies 
published in 2000-2005, with the surgeries being per-
formed in the 1990s when laparoscopic technique was at 
its infancy. Also, there is a paucity of long term follow up 
studies on this topic. Even among those studies the pro-
portion of patients having regular objective assessment 
was variable. Hence, the true recurrence rate still remains 
unknown. Moreover, only 5% have been known to have 
symptomatic recurrences [57].

So, should we routinely follow up patients after LHH 
repair? There are a few reasons to suggest a more selective 
approach. Firstly, those patients are already 60-70 years 
old at the time of their first repair. A follow up strategy 
centred around symptoms in those who are physically fit 
would make more sense as those patients may potentially 
well benefit from a reoperation should they subsequently 
develop clinically significant recurrence. Secondly, those 
patients usually undergo their first operation for compli-
cations related to the sheer size of their hernia i.e. risk of 
volvulus, iron deficiency anaemia from Cameron’s ulcers 
or cardiopulmonary compression. Therefore, a strict fol-
low up strategy aiming at finding small recurrences with 
time does not really apply to them. Thirdly, QoL seems 
to be generally preserved despite the advent of recur-
rences. This is substantiated by others who showed that 
an aggressive post-operative follow up regime with the 
main goal of assessing for objective recurrence but with-
out proper evaluation of the subjective assessment of the 
patient (i.e. symptom resolution, satisfaction, well-being 
and QoL) was not useful [84, 85].

We would therefore prefer to adopt a more selective 
approach in following up patients postoperatively with 
the focus being on recurrence of symptoms rather than 
hernia recurrence. Patients should be followed up clini-
cally yearly until they are deemed unfit for reinterven-
tion. In that interval, should they develop significant 
symptoms repeat gastroscopy with or without upper 
abdominal/chest CT scan or barium fluoroscopic study 
may be necessary to objectively assess for recurrence.

Mortality related to repair
A literature survey on LHH performed over the last 3 
decades has shown that overall 30-day post-operative 
mortality was < 1%. There are a number of factors asso-
ciated with mortality in LHH repair. Firstly, it could be 
related medical complications. Thus there are reports 
of postoperative death from myocardial infarction and 
pulmonary emboli that were not considered as direct 
surgical but medical complications [53, 54]. The rate of 
mortality from such medical complications is not very 
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high which is probably a reflection of improvement in 
patient selection, anaesthesia and post-operative care. 
Secondly mortality can be related to surgical complica-
tions as they are not well tolerated in this group of elderly 
patients. For example, we note the case of a 75-year-old 
who developed a gastric perforation post-surgical repair 
of an intrathoracic stomach. He succumbed to a fatal gas-
tropleural fistula 2 months later [49]. Thirdly they could 
occur intraoperatively from aortic injury especially due to 
adhesions and anatomical distortion caused by the LHH 
[61]. They are fortunately a rare occurrence. Forth, the 
mortality is significantly increased in emergency cases. 
An assessment of 10656 cases from the National Surgical 
Quality Improvement Program database showed a 30day 
mortality of 5.5% in acute cases and 0.65% in elective 
cases [86]. A logistic regression analysis identified acute 
surgery together with old age and cardiopulmonary dis-
ease to be predictors of 30 day mortality [87]

Role of robotic repair
The robotic platform has some inherent characteristics 
that are well suited for large hiatus hernia surgery. The 
length and increased degree of freedom of the robotic 
instruments make manoeuvrability and dissection in the 
narrow corridor of the esophageal hiatus and mediasti-
num potentially easier. The 3D visualisation afforded by 
the camera which is controlled by the surgeon’s console 
gives a better depth perception in a hostile environment 
where dissection planes dictate the extent of intraopera-
tive complications. In addition, tremor filtration, motion 
scaling and better ergonomics associated with the robotic 
surgery improve the surgeon’s efficiency especially given 
that those operations are lengthy.

However, there are still three areas that need devel-
opment before robotic surgery can outperform lapa-
roscopic repair. Firstly, use of the robot adds more time 
to an already difficult repair. A meta analysis comparing 
robot assisted repair and conventional laparoscopic tech-
nique found the mean dissection time with the robot to 
be significantly longer [88]. Secondly there is the inher-
ently higher cost of robotic surgery. A recent comparative 
retrospective series showed charge of a robotic case to be 
US$15-20,000 higher than for laparoscopy [89]. Thirdly 
and most importantly the loss of haptic feedback with the 
robot can lead to increased complications. Increased risk 
of respiratory failure and esophageal/gastric perforations 
can occur as a result of poor tissue handling and tearing 
[89, 90]. However improved design of subsequent genera-
tions of the robot, early incorporation of robotic modules 
into surgical training and widespread accessibility of the 
robot will eventually make it a better competitor to the 
laparoscopic technique.

Conclusion
In summary, we suggest a careful evaluation and selection 
of all patients with a LHH. The latter should be evaluated 
endoscopically and with a CT chest. Those with a large 
fatty left lateral lobe should undergo a routine preoperative 
optifast regime. We undertake a careful and meticulous 
surgical approach to such patients. This includes system-
atic excision of the hernia sac and extensive mediastinal 
extra-saccular dissection to allow full mobilisation of the 
GEJ back into the abdomen, thus avoiding an unneces-
sary Collis gastroplasty, which has associated morbidity. 
We advise posterior cruroplasty with biosynthetic mesh 
reinforcement in a U-shaped configuration, away from the 
esophagus. The prosthesis is then preferentially fixed with 
non-traumatic fibrin glue. We favour an anterior partial 
Dor fundoplication with esophagopexy. We recommend 
that all patients undergo a cardiac echo the next day. Upon 
discharge a selective follow up regimen is put in place.
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