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Abstract

Objective. To retrospectively analyse the results of a new technique of laparoscopic surgery for large and giant hiatal hernias
of the esophageal orifice of the diaphragm, which consists in the use of diaphragmatic incisions and mesh implants to reduce
the incidence of recurrence and complications.

Materials and methods. During the period from 2010 to 2023, laparoscopic interventions were performed in 62 patients,
43 (69.4%) women and 19 (30.6%) men, with large and giant hiatal hernias of the esophageal orifice of the diaphragm. The
average age of the patients was 62.8 years. The diagnostic criteria used to select patients were the size of the hiatal opening and
clinical symptoms. Fibroesophagogastroduodenoscopy, abdominal computed tomography, and contrast radiography were
used to assess the size of the hernia and plan surgical intervention. During the operation, we performed loosening incisions
of the diaphragm to reduce the tension during suturing of hiatus defects. Progrip self—locking meshes were also used to
close the diaphragmatic defects, which allowed them to be securely fixed without tension and reduce the risk of recurrence.
Results. Most patients had comorbidities that required a special approach during surgery. The average duration of the operations
was 132 minutes, which indicates their technical complexity. The postoperative course in most patients was uncomplicated
with a minimal recovery period. The average hospital stay was 5.2 days. Recurrence of hernia was detected in 2 (3.2%) of 62
patients, which indicates the effectiveness of the new technique.

Conclusions. The use of a new concept of laparoscopic surgery for large and giant hernias of the esophageal orifice of
the diaphragm, which involves the performance of laxative incisions of the diaphragm and the use of self—locking mesh,
significantly reduces the incidence of recurrence and complications, which ensures high treatment efficiency and improves
the quality of life of patients. The results of the study confirm the importance of an individual approach to the treatment of

hiatal hernias and the possibility of optimising laparoscopic techniques to improve their effectiveness.
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Laparoscopic methods have become the "gold standard" in
the treatment of hiatal hernia in recent decades [1, 2]. Their
advantages over open laparotomy and thoracotomy have
been proven [3]. In most patients after laparoscopic surgery,
short—term and long—term results are good [4].

At the same time, laparoscopic interventions for large
and giant GORD are accompanied by significant technical
difficulties and, unfortunately, a recurrence rate of 25-30%
[1, 5].

To reduce the recurrence rate, many surgeons use mesh
implants [6, 7]. The use of non—absorbable mesh implants,
such as polypropylene, polyester, polytetrafluoroethylene
(PTFE), synthetic collagen—coated mesh, and others, can lead
to serious complications [8].

The most severe complications occur when the oesophagus
is placed in the hole in the centre of the mesh implant and
its edges are fixed to the tissues around the oesophagus.
In this case, very often the mesh grows into the lumen
of the esophagus, which leads to stenosis, mucosal ulcers,
esophageal—bronchial fistulas, and other extremely serious
complications that can lead to the patient's death [8]. The
literature describes such complications that required
oesophageal resection [9]. The increasing frequency of such
complications has forced many surgeons to completely

abandon the use of non—absorbable mesh implants [10].

American surgeons, following the recommendations of the
Society of American Gastrointestinal Endoscopic Surgeons
(SAGES), currently use only biobased absorbable mesh. At
the same time, randomised trials have shown that the use of
absorbable mesh in the long term increases the recurrence
rate dramatically [11].

We have accumulated quite a lot of experience in
laparoscopic operations for OSA (more than 3800),
unfortunately, it was not possible to avoid serious
complications after the use of non—absorbable mesh [12].

Having analysed our own and other surgeons' experience,
we have changed the concept of laparoscopic surgery in
patients with large and giant GSD. These changes are to
completely eliminate contact with the mesh implant during
laparoscopic fundoplication. Initially, this was done by
isolating the oesophagus from the mesh, placing a part of the
hernia sac and fatty tissue between it and the sutured mesh.
However, we were convinced that this technique does not
always give good results. Although the mesh did not grow
into the oesophagus with this technique, it happened that
severe fibrosis in the hiatal region worsened the functional
results of the operation. Since 2010, we have been using the
technique of splitting the right pedicle and dissecting the
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diaphragm dome on the left, which makes it possible to suture
the diaphragm pedicles without tension and prevents the
development of hernia recurrence.

The aim of the study was to retrospectively analyse the
results of a new laparoscopic surgery technique for large and
giant GSD.

Materials and methods

The new laparoscopic surgery technique was used in 62
patients operated on from 2010 to 2023, which was about
20% of the total number of patients with large and giant GI
tracts operated on during this period.

According to the American literature, GSOD is considered
large if the largest distance between the diaphragm legs is 5
cm or more.

For greater objectivity, we have proposed a classification
based on the measurement of the area of the hiatus. If the area
of the hiatus is 10—20 cm?, the hernia is considered large, and
more than 20 cm? is considered giant.

Among the patients operated on using the new technique,
large hernias (the area of the hiatus was 14—20 cm?) were
diagnosed in 9, and giant hernias (the area of the hiatus
exceeded 20 cm?) in 53. There were 43 women (69.4%) and
19 men (30.6%). The age of patients ranged from 34 to 74
years and averaged (62.8 + 7.2) years. The average body mass
index was 3047 kg/m? (16.2 to 45.8 kg/m?).

It should be noted that all patients had quite serious
comorbidities. In 7 patients, the course of the disease was
complicated by kyphosis. All patients complained of chest
pain, nausea, heartburn, and 42 patients had frequent
vomiting. Esophageal patency was impaired in 5 patients and
they had significant weight loss.

All patients were thoroughly examined before surgery.
They were required to undergo fibroesophagogastroduod
€enoscopy, gastric X—ray, and computed tomography of the
abdominal cavity. According to the examination, 16 patients
had hernias so large that the entire stomach, a large appendage
of the transverse colon, and part of the spleen were placed
in the mediastinum. A short oesophagus was diagnosed in
12 patients. 54 patients had paraesophageal hernias, and 8
patients had giant sliding hiatal hernias.

In 53 (85.5%) patients, the operation was performed for
the first time, in 9 patients — repeatedly due to relapse after
unsuccessful interventions in other medical institutions.

Features of the laparoscopic intervention technique

The operations were performed under intubation
anaesthesia with sufficient patient relaxation, usually using 4
trocar: one 10—mm trocar for optics and three 5—mm trocar
for instruments. Only in 5 patients, due to severe technical
difficulties, a fifth trocar was used.

The operation began with the removal of the intestines
and stomach from the mediastinum. Next, the right leg of
the diaphragm was mobilised. The hernia sac was excised
as far as possible and lipomas in the posterior and anterior
mediastinum, if any, were removed. After that, the oesophagus
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was mobilised and its abdominal part was moved into the
abdominal cavity. The stomach was mobilised broadly along
the large curvature, crossing the short vessels running from
the stomach to the spleen. After wide mobilisation of the
esophagus, it was possible to lengthen it by 5—7 cm. For
congenital short esophagus, 3 patients underwent Collis
surgery to lengthen the esophagus at the expense of the
cardiac part of the stomach. In this case, the bottom of the
stomach was excised using laparoscopic suturing devices.

After complete mobilisation of the esophagus and
separation of the right and left diaphragmatic legs, the area
of the chiatal foramen was measured using the formula F A.
Granderath [13]. The condition of the diaphragmatic pedicles
was assessed. Only 7 (11.3%) of 62 patients managed to
bring the diaphragmatic pedicles together with sutures. The
degree of tension of the threads during the reduction of the
diaphragmatic pedicles was studied.

Studies conducted in our clinic have shown that if the
tension force exceeds 4.5—5 N, the muscle fibres of the
diaphragmatic pedicles are dissected, which leads to a sharp
increase in the frequency of recurrence [14].

Therefore, if it was possible to suture the diaphragmatic
pedicles, but the tension of the suture exceeded 5 N, we
performed weakening incisions of the diaphragmatic pedicles.
Most often, the right pedicle of the diaphragm was dissected
longitudinally, 5—-7 mm from the inferior vena cava. If this was
not enough, a relieving incision of the diaphragm was made
on the left. At the same time, the place of attachment of the
diaphragm to the VII rib was determined and, retreating 1.5—
2 cm, the diaphragm was dissected 5—7 cm long, reaching
the posterior spleen pole. At the same time, it was possible to
suture the diaphragmatic pedicles both behind the oesophagus
and from above without much tension.

Our measurements of the thread tension force during
cruroplasty showed that loosening incisions can reduce it
by 34-42%.

After suturing the diaphragmatic pedicles with sutures or
using special Pledgets (Americot), the defects on the right
and left that formed after diaphragmatic dissection were
closed. For this purpose, a special PTFE mesh was initially used
in 8 patients, which was sutured to the edge of the defect
with separate threads. However, later, a self—locking mesh
Progrip (Covidien) was used. For this purpose, a rectangular
segment of 4 x 3 cm mesh was cut and fixed to the tissues for
60 seconds. To close the defect of the diaphragm on the left
side, a 6 x 3 cm segment of the mesh was cut and fixed with
tackers at 2 to 3 points. After that, the mesh was independently
fixed to the diaphragm and did not move.

After the diaphragm was dissected, a pneumothorax
occurred on the left side with a part of the lung collapsing.
Only 3 patients had to have a drainage system installed in the
pleural cavity, while the rest of the patients' lungs were able
to straighten by the end of the operation.

All the operated patients were called to the clinic and
examined within 1 to 10 years. They underwent fibroesopha
gogastroduodenoscopy, computed tomography of the chest
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and abdominal cavities, and a fluoroscopic examination of
the stomach. In addition, a special questionnaire was used to
determine the patients' quality of life.

Results

Between 2010 and 23, 62 patients with large and giant
GSDs underwent laparoscopic interventions with laxative
incisions of the diaphragm structures on the right and left.

The right pedicle of the diaphragm was dissected in 52
patients, the left in 7, and both the left and right in 3.

Since the majority of patients used the Progrip self-locking
mesh to close the diaphragmatic defect, all operations were
performed quickly enough. The average duration of the
operation was (132 £+ 22) minutes. The fact that the surgery
was short had a great positive impact on the operated patients,
as most of them were elderly.

Complications during the operation and in the early
postoperative period were minimal. Bleeding from the short
vessels of the stomach floor occurred in 1 patient, who
underwent repeated relaxation surgery 4 hours after the
operation, the source of bleeding was found and the vessels
were reliably coagulated. The patient recovered without
complications. Thromboembolism of small pulmonary vessels
was observed in 2 patients, and they recovered after intensive
care for 5—6 days. 1 patient developed myocardial infarction
on the 3rd day after surgery and died. Left—sided pleurisy in 2
patients was treated with repeated pleural punctures. Cardiac
rhythm disturbances and atrial fibrillation were noted in 2
patients, who were treated in the intensive care unit for 4-5
days. The average hospital stay after surgery was (5.2 = 1.5)
days. There were no complications associated with the closure
of diaphragmatic defects with non—absorbable mesh.

Recurrence of GERD was detected by radiological
examination in 2 (3.2%) of 62 patients after 2 and 5 years.
Subjectively, the patients felt satisfactory and got rid of
heartburn by taking proton pump blockers. During the
radiological examination of patients in the long term, none
of them showed any disorders of diaphragmatic mobility or
paralysis of its dome. A significant improvement in the quality
of life of patients after surgery was noted. The quality of life of
patients after esophageal lengthening surgery using the Collis
technique was lower than that of other patients.

Thus, our retrospective study confirmed the feasibility
of performing laparoscopic surgery using a new concept
in elderly patients with large and giant GSD, in which the
diaphragmatic pedicles are usually atrophied.

Discussion

A group of American surgeons led by a well-known reflux
disease specialist, Professor S. R. DeMeester, published a series
of papers on the use of diaphragmatic incisions in large GERD
[8, 15].

We started using this technique in 2010. At first, we
performed this operation with caution, fearing various
complications. Later, having gained some experience, we
began to perform it quite often. Currently, the share of

such operations is 25-30%. After a simple suturing of the
diaphragm pedicles in the plastic surgery of the defect of its
oesophageal opening, the recurrence rates are very high — 25—
30% [1]. Often, patients with large GORD have kyphosis, which
complicates the operation and leads to a high recurrence rate
[16]. In addition, as shown in studies conducted by us [17]
and foreign authors [18], patients have defects in collagen
synthesis.

All of the above makes laparoscopic surgery very difficult,
and the results are not good enough. When closing a hernia
defect in patients with large HIPS, the principle of "tension
free" is violated, which leads to a high risk of hernia recurrence.

We, as well as other researchers, have shown that when the
thread tension force when suturing the diaphragmatic pedicles
isabove 5 N, the incidence of hernia recurrence increases
dramatically.

The use of mesh implants significantly reduces the
incidence of hernia recurrence [1], but the incidence of
serious complications increases, requiring repeated traumatic
interventions, after which patients often die [19].

Experience shows that in the case of direct contact of
the esophageal tissue with the mesh implant, the mesh
often grows into the lumen of the esophagus with serious
complications.

The use of a new concept of laparoscopic surgery for large
and giant GERD, when the legs of the diaphragm are sutured
around the esophagus and there is no contact with the mesh,
avoids threatening complications. For this purpose, laxative
incisions of the diaphragm can be used. In 1997, the American
surgeon T. R. Huntington [20] proposed to perform a laxative
incision of the right diaphragmatic pedicle.

To completely exclude the contact of the Progrip mesh
with the intestine, we usually mobilise the left lobe of the liver,
which reliably covers the mesh.

When using laxative diaphragmatic incisions, the right
pedicle of the diaphragm was more often dissected, as was
the case with American colleagues [8]. This is because with this
technique, the operation is simpler, there is no pneumothorax
and there is no need to drain the left pleural cavity. In case
of very large hernias, the diaphragm has to be cut both on
the right and on the left. No serious complications have been
observed with this technique.

The defect formed after dissection of the right pedicle of
the diaphragm or the left diaphragm was initially closed, as
in the case of American colleagues, with PTFE mesh, fixing it
with separate sutures to the muscles. It should be noted that
this technique is not without a certain risk of damage to the
inferior vena cava in closed defects of the right diaphragmatic
stem. Subsequently, a self—locking mesh Progrip was used to
close defects in the diaphragm. For this purpose, in a number
of patients, the mesh was fixed with absorbable tackers or
sutures at 2 to 3 points, after which it was reliably fixed to the
tissues and did not move.

The use of the Progrip mesh significantly simplified the
laparoscopic surgery and reduced its duration, which is
very important given the elderly age of most patients. No
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complications associated with the use of Progrip mesh were
observed. American surgeons reported that due to poor
fixation of PTFE mesh, a hernia defect was formed in the
right leg of the diaphragm with subsequent impingement
of the small intestine loop. In the case of Progrip mesh, no
such complications were noted, as we used mesh fragments
that were much larger in area and reliably closed the defect
in the muscle.

A study of long—term results in patients operated on using
the new technique revealed hernia recurrence in 2 (3.2%)
patients. The same rates of hernia recurrence are reported by
American researchers.

Conclusions

Thus, laparoscopic surgery using the new concept for large
and giant GSDs can reduce the incidence of recurrence and,
most importantly, avoid serious complications associated with
the use of mesh resorbable implants.
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