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iNTroducTioN

Gastroesophageal reflux disease (GERD) is a 
common disorder of the gastrointestinal tract, 
with a prevalence of 10–20% in Western coun-
tries [Triadafilopoulos G, 2004; Huttl TP et al., 

2005]. It is currently big medical and social-eco-
nomic problem. The estimated direct and indirect 
costs of treatment and lost productivity due to 
GERD was annually 10 billion USD in the USA, 
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AbStract

Gastroesophageal reflux disease is a common disorder accounting for approximately 75% of 
esophageal pathology. It seriously compromises quality of life. It develops when the reflux of gas-
tric content causes troublesome symptoms or complications. During the last decades significant 
changes have occured in the role of surgery for gastroesophageal reflux disease. Initially antire-
flux surgery was reserved only for patients who had failed any kind of medical therapy. Now the 
range of indications for antireflux procedures is wide. Operations for gastroesophageal reflux 
disease are now well established and have good short- and long-term results, but no unique lapa-
roscopic antireflux technique has been accepted so far, and a number of different antireflux pro-
cedures with numerous modifications have been reported. A total of 102 consecutive patients with 
gastroesophageal reflux disease were operated in the clinic of Republican Medical Center ‘’Ar-
menia’’ (Yerevan, Armenia) and Mickaelyan Institute of Surgery (Yerevan, Armenia) from 2010 
to 2021. In all cases the esophagogram showed hiatal hernia. Nissen, Nissen-Rossetti and Toupet 
fundoplications were performed as antireflux procedures. In all cases of combination of hiatal 
hernia and Gastroesophageal reflux diseasemesh reinforcement was performed. The results of 
follow-up assessment of the operated patients were compared. The results in early postoperative 
period were assessed with contrast X-ray examination and 24-hour pH-metry on the 5-th to 7-th 
days after surgery. The quality-of-life evaluation by the questionnaire showed a significant dif-
ference between the two groups, improvement of results in the laparoscopy group with complete 
fundoplication in comparison with not complete fundoplication. Complete fundoplication is a 
more reliable method of antireflux procedures for surgical treatment of gastroesophageal reflux 
disease. The division of short gastric vessels helps to prevent persistent dysphagia. The repair of 
esophageal hiatus of diaphragm is mandatory in antireflux procedures.
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9.3 billion EUR in Germany, 2.9 billion EUR in 
Italy, and 1.9 billion EUR in Spain [DeMeester 
TR, Stein HJ, 1992; Fuchs KH, 2014; Garg SK, 
Gurusamy KS, 2015].

The first and main method of treatment for 
GERD is medical therapy, but often it includes 
escalating dosages, which can be a big financial 
burden on patients and insurance companies 
[Hetzel DJ et al., 1988; Sataloff DM et al.,1997; 
Iqbal A et al., 2006].

Usually prolonged and not effective medical 
therapy is indication for surgery. A controlled ran-
domized study of patients with GERD has demon-
strated that surgery is superior to medical therapy. 
Surgery is currently a common and regular part of 
the treatment algorithm. Generally, the treatment 
of GERD has changed from a more conservative to 
a more aggressive approach for better prevention 
of complications [Donahue PE et al., 1985; De-
Meester TR et al., 1986; Stirling MC, Orringer 
MB, 1986; Granderath FA et al., 2002].

Many modifications of antireflux procedures 
were suggested for surgical treatment of GERD. 
The Nissen fundoplication and its various modifica-
tions are widely used in the surgical treatment of 
patients with severe GERD and its associated com-
plications [Dallemagne B et al., 1991; Hinder RA et 
al., 1994; Dallemagne B et al., 1998]. Now these 
procedures are performed mainly laparoscopically. 
Since the first description of laparoscopic fundopli-
cation by Dallemagne B et al. in 1991, the mini-
mally invasive approach has gained popularity 
among surgeons. Good to excellent functional and 
symptomatic outcomes after laparoscopic proce-
dures with lower mortality and morbidity rates than 
in open antireflux surgery have been reported [Sori-
celli E et al., 2009]. The choice of modification de-
pends on the surgeons’ preference. 64% of German 
surgeons prefer 3600 procedures (Nissen 16%; Nis-
sen-Rosetti 27%; Floppy-Nissen 21%). Partial fun-
doplications are used in 10% of the hospitals (Tou-
pet 5%; Dore 5%). 9% of surgeons reported both 
3600 fundoplication and a Toupet procedure as stan-
dard operations [Huttl TP et al., 2005]. 

Surgical complications after antireflux proce-
dures have two main groups: failure of wrap with 

subsequent reflux recurrence and tight wrap with 
subsequent dysphagia. The overall complication 
rate for laparoscopic antireflux operations is 7.7% 
(5.7% surgical and 2% nonsurgical complications) 
[Huttl TP et al., 2005]. The published failure rates 
of laparoscopic Nissen fundoplication are 2% to 
17% [Cuschieri A et al., 1993; Jamieson GG et al., 
1994; Peters JH et al., 1995; Hunter JG et al., 
1996]. In majority of cases dysphagia is associated 
with 3600 fundoplication (Nissen, Nissen-Ros-
setti), recurrence of reflux is associated with not 
complete fundoplication (Toupet, Dore).

Another problem of antireflux procedures is as-
sociation of GERD and esophageal hiatal hernia. 
In GERD hiatal hernia is a very frequent finding, 
found in up to 80-90 % of the surgical patient pop-
ulation [Fuchs KH et al., 2014]. It is the ‘‘Achilles 
heel’’ of antireflux surgery [Granderath FA et al., 
2005; Juhasz A et al., 2012].

Despite many studies in this field nowadays no 
unique antireflux procedure has been accepted 
[Huttl TP et al., 2005]. The perfect method of the 
esophageal hiatus reconstruction has not yet been 
determined too [Gryska PV et al., 2005].

Many studies have not suggested the method of 
procedure which can reliably prevent postopera-
tive dysphagia, recurrence of GERD and hiatal 
hernia. Complications of antireflux operations and 
recurrence of hiatal hernia are big problems in 
foregut surgery. The aim of our study was chosen 
the method of antireflux surgery reliably prevent-
ing mentioned above complications. 

MaterialS and MethodS

A total of 102 consecutive pa-
tients with GERD were operated 
on in the clinic of Republican 
Medical Center ‘’Armenia’’ (Yere-
van, Armenia) from 2010 to 2017 
and Mickaelyan Institute of Sur-
gery (Yerevan, Armenia) from 
2018 to 2021.
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The male-to-female ratio was 1:1,7 (38 male, 
64 female). The mean age was 51,5 years (range 
21-81) years.

In 62 cases were performed laparoscopic, in 40 
– open procedures, in 2 cases operation had started 
laparoscopically, then it was converted to open, 
these patients are included in open procedure 
group. Nissen and Nissen-Rossetti methods were 
performed in group of complete fundoplication, 
Toupet procedure – in group of not complete fun-
doplication. Perioperative patient risk was as-
sessed using the American Society of Anesthesiol-
ogy (ASA) Scoring System. In the laparoscopy 
group were included only ASA I and ASA II pa-
tients. The demographic data for all the groups are 
shown in Table 1-1 and Table 1.

Patient’s demographics did not differ signifi-
cantly between the groups with complete and not 
complete fundoplication (Table 1).

The preoperative evaluation included upper en-
doscopy (Fig. 1), x-ray with barium contrast (Fig. 
2) in all patients. Final confirmation of a parae-
sophageal involvement by the hernia was accom-
plished intraoperatively.

24-hour pH monitoring in preoperative period 
was performed in 68 patients with the portative pH 
meter in inpatient order. Postoperative pH-metry 
was performed in 32 cases.

Preoperative medical therapy had 76 patients, 
the duration of the therapy in the study group was 
6-120 months.

Surgical technique
Preoperative intravenous administration of an 

antibiotic was done an hour before the procedure. 
The patient was placed in a combined reversed 
Trendelenburg and French position.

Capnoperitoneum was created with Veress nee-
dle inserting above the umbilicus. An intra-abdomi-
nal pressure of 12–14 mm Hg was achieved and 
maintained. Five trocars were placed in the anterior 
abdominal wall at the follow sites: 10mm trocar in 
the left mesogastrium for the scope, 10mm trocar 
above the umbilicus for Bebcock grasper, 5mm tro-
car in upper epigastrium for liver retractor, 5mm 
trocar in the right subcostal area and 5-12mm trocar 
in left subcostal area for working instruments.

A careful reposition of the stomach and a circu-
lar mobilization of the esophagogastric junction 
were performed. In case of hiatal hernia (Fig. 3) 
complete reduction of the hernia content was done. 
The first step was dissection of the phrenogastric 
and hepatogastric attachments. The vagus nerves 
were identified and left attached to the esophagus. 
The hepatic branch of the vagus nerve was care-
fully preserved.

After the mobilization of the hepatogastric liga-
ment the right diaphragmatic crus was exposed.

The short gastric vessels and gastro-diaphrag-
matic ligament were divided to release the gastric 
fundus. After the mobilization of the gastric fun-
dus the left crus was exposed. The esophagus was 
mobilized from the medial margins of the left and 

Table 1.
Patient’s demographics and clinical characteristics

Operations with P-value Open 
procedures

(n = 40; 39.2%)

Laparoscopic 
procedures

(n =62; 60.8%)

P-value
complete 

fundoplication
(n = 42; 41.2%)

not complete 
fundoplication

(n = 60; 58.8%)
Male/female 16/26 22/38 0.44 14/26 24/38 0.75
Age (years) 49 (21–73) 53 (26–81) 0.098 57.5 (21-81) 47.5 (26-73) <0.001
Laparoscopic procedures 25 37 0.38
Open procedures 17 23
Presence of Barrett’s esophagus 8 7 0.76 9 3 0.074
ASA I 17 15 0.173 3 36 <0.001
ASA II 21 41 4 42
ASA III 4 4 9 2
notes: Patient’s demographics did not differ significantly between the groups with complete and not complete 
fundoplication.
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right crura and it provided a wide posterior win-
dow behind the esophagus.

The hiatal orifice was estimated after complete 
mobilization using the opening jaws of a atrau-
matic grasper (Karl Storz, Tuningen, Germany) as 
a reference.

The hernia sac was completely dissected in case 
of small hiatal hernia. For subtotal or total hiatal 
hernia complete dissection of the sac was not per-
formed due to the risk of intrathoracic structures 
injury. After the mobilization of the esophagogas-
tric junction at least 4 cm of the esophagus was 
brought into the abdomen (Fig. 4).

In the group of hiatoplasty without mesh rein-
forcement posterior crurorrhaphy was routinely per-
formed with the application of two to three nonab-
sorbable sutures (2-0 Ethibond; Ethicon, Spreiten-
bach, Switzerland) (Fig. 5).In all cases of hiatal 
hernia mesh reinforcement was performed. Proste-
sis was fixed around the esophagus in addition to 
the suture repair of the hiatus (Fig. 6). A polyropyl-
ene mesh was fixed by nonabsorbable stitches (2-0 
Ethibond; (Ethicon, Spreitenbach, Switzerland) or 
3-0 PremiCron (B.Braun, Barcelona, Spain)) on the 
both cruras and diaphragm onlay.

The internal edges of the mesh were stitched to 
the diaphragm to avoid the contact of free edges of 
the mesh and esophagus, erosion of the organ 
wall.  We took a special care to avoid wrinkles and 
free flaps. Fundoplication was performed as the 
antireflux procedure (Fig. 7).

figure 1. The endoscopic picture of Barrett`sesophagus

figure 2. X-ray examination with barium meal: re-
vealed the combination of hiatal hernia and gastro-
esophageal reflux. The arrow shows cardiofundal re-
gion of stomach moved into mediastinum in sliding hia-
tal hernia

figure 3. The wide esophageal hiatus in case of GERD 
and hiatal hernia combination. The upper part of stom-
ach is fixed in the mediastinum. The arrows show the 
enlarged esophageal hiatus of diaphragm

figure 4. Mobilization of the abdominal part of the 
esophagus and cruras of the diaphragm. Arrows show 
right and left cruras of the diaphragm
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The antireflux wrap was formed with two or 
three 3-0 Ethibond (Ethicon, Spreitenbach, Swit-
zerland) or 3-0 PremiCron (B.Braun, Barcelona, 
Spain))  stitches fixed to the anterior wall of the 
esophagus.

During the crurorrhaphy and wrap formation 
36Fr gastric probe was inserted into the cardia.

The Postoperative period
Oral feeding was started on the 1st day after sur-

gery, beginning with liquid food and a soft diet.
 Patients without complications were dis-

charged on the second or third postoperative day 
and were invited for follow-up examination on the 
7th day, in the second month and in the 6th month. 
They were instructed to take soft food for 2 months.

The results in early postoperative period were 
assessed with contrast x-ray examination and 24-
hour pH-metry on the 5-th to the 7-th days after 
surgery. A barium contrast examination was per-
formed for all patients to rule out an anatomic re-
currence. Recurrence was defined as the presence 
of gastroesophageal reflux or/and any migration of 
the wrap to the chest level or/and evidence of a 
new paraesophageal sac.

Postoperative complications were considered 
as a major failure when a second operation or med-
ical therapy longer than 6 months was required. All 
other complications were considered minor.

Quality-of-life assessment
After a 6-month follow-up, patients were inter-

viewed in the outpatient clinic or over the phone. 
Patients were specifically asked about their symp-
toms, and Short Form–36 [SF-36] quality-of-life 
questionnaire was implemented.

They were also called via telephone and ques-
tioned about their complaints (heartburn, belching, 
dysphagia, gas-bloating syndrome, diarrhea, etc.). 
Functional outcomes were considered “excellent” 
when a patient was asymptomatic and did not need 
any medication; “good” when a patient had symp-
toms not severe enough to require medications; 
“moderately good” when a patient’s symptoms 
could be controlled with medication; and “poor” 
when a patient’s symptoms were not eliminated by 
the operation.

 This study was approved by the Ethics Com-
mittee of Yerevan State Medical University.

Statistical analysis
The results were analyzed using both the Chi-

square test and the Student t-test. A p-value less 
than 0.05 was considered statistically significant.

figure 5. The crurorraphy is performed. Arrow shows 
stitches on diaphragmatic cruras

figure 6. Mesh is fixed around esophagus

figure 7. Complete 3600 fundoplication is performed. 
The arrow shows the antireflux wrap
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reSultS

The mean period from the onset of the symp-
toms to operation was 46 (10-120) months. No pa-
tient had a history of previous operation for hiatal 
hernia or GERD. Common complaints in preopera-
tive period were heartburn and regurgitation. Pre-
operative and postoperative symptoms are pre-
sented in Table 2.

There is a combination of GERD and hiatal her-
nia in 94 cases. In all the mentioned cases the 
esophagogram showed hiatal hernia. There were 
no cases of short esophagus in the study group.

Endoscopic evaluation revealed no esophagitis 
in 65 patients (63.7%), grade A-B esophagitis - in 
29 patients (28.4%) and grade C-D esophagitis in 8 
patients (7.9%).

Esophageal pH-metry showed acid exposure in 58 
cases (56.9%). The mean pH<4 and the median pH<3.5 
were in 32 patients (31.4%). Nonacid refluxes were 
registered in 12 cases (11.8%). DeMeester Score were 
>14,7 in 54 cases (52.9%). An interesting fact has been 
observed: nonacid pH in stomach was often in patients 
with subtotal or total hiatal hernia.

In all cases operations were performed from a 
planned elective list after the regular admission. 
The conversion to open surgery was performed in 
2 cases due to adhesions in the upper abdomen 
after the previous operation – open cholecystec-
tomy. The mean operative time was significantly 
shorter in the group without mesh. 

The perioperative data is presented in Table 3.
In the postoperative period 2 patients had tran-

sient subcutaneous emphysema in the neck that re-
solved spontaneously within 24 hours.

Gas-bloating syndrome (4 cases) occurred after 
both complete and non-complete fundoplications 
and disappeared during 3-4 weeks. 

In all 3 cases of postoperative dysphagia the 
problem occurred after the complete fundoplica-
tion and was solved spontaneously during 5-6 
weeks. Difficulties of swallowing in the first 3-4 
postoperative days had 21 patients after surgery 
with a complete wrap. There were no cases of per-
sistent dysphagia, that require endoscopic balloon 
dilation or reoperation.

All 4 cases of gastroesophageal reflux recur-
rence happened after non-complete fundoplication, 
in all cases patients required medical treatment with 
proton pump inhibitors and prokinetics for the 
symptom relief. In one case medical therapy was 
not effective and refundoplication was done.

In our study we had 3 cases of hernia recur-
rence, 2 patients underwent reoperation with mesh 
reinforcement and complete fundoplication.

No deaths and no intraoperative complications 
were detected in both groups. There was no one 
in-hospital mortality. No mesh-related complica-

Table 2.
Preoperative and postoperative symptoms

Preoperative 
(cases)

Postoperative 
(cases)

Heartburn 86 4
Regurgitation 27 0
Respiratory symptoms 17 1
Dysphagia/post-prandial 
chest pain

2/10 3/1

Abdominal pain 4 0
Chronic bleeding 2 -
Gas-bloating syndrome 8 4

Table 3.
Perioperative characteristics

Operations with complete 
fundoplication

(n = 42)

Operations with not complete 
fundoplication

(n =60)

P Value

Laparoscopic 
procedures

(n = 25)

Open procedures
(n = 17)

Laparoscopic 
procedures

(n = 37)

Open procedures
(n = 23)

Mean operative time (min) 170 
(range 120-200)

169 
(range 130-210)

162 
(range 110–200)

175 
(range 120-210)

0.24

Postoperative overall 
hospital stay (days)

5.6 
(range 3-7)

7.3 
(range 5-8)

5 
(range 3-7)

7.4 
(range 5-9)

< 0.001

Hernia recurrenec 1 1 1 0 -
Recurrence of reflux 0 1 0 2 -
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tion was in mesh reinforcement group.
Perioperative data were collected retrospec-

tively. The mean follow-up period was 58 
months (range, 12–120 months). Complete fol-
low-up assessment was obtained for 26 (25.5%) 
patients, follow-up evaluation only by the tele-
phone interview – for 52 (51%), there were no 
contacts with 24 (23.5%) the other patients, 
they were considered dropouts. The GERD re-
currence rate was investigated via a barium 
contrast swallow and esophagoscopy. The re-
sults of the follow-up assessment of 78 patients 
are presented in Table 4.

The quality-of-life evaluation by the question-
naire showed a significant difference between two 
groups, improvement of the results in the laparos-
copy group with complete fundoplication.

diScuSSion

GERD is a common disorder accounting for ap-
proximately 75% of esophageal pathology [De-
Meester TR, Stein HJ, 1992; Kamolz T et al., 2003; 
Fuchs KH et al., 2014]. Dysfunction of the antireflux 
barrier is recognized as the main cause of this disease 
[Triadafilopoulos G, 2004; Huttl TP et al., 2005].

Generaly the disease severity ranges from mild to 
severe symptomatic perception and several different 
gradings of esophagitis, which may result in compli-
cations such as Barrett’s esophagus or ultimately as 
adenocarcinoma of the esophagus, as well as upper 
respiratory symptoms [Kamolz T et al., 2003].

The major problem in the treatment of GERD is 
the duration of medical therapy and the time of in-
dication for surgery. Despite the tendency of more 
aggressive approach and wide indications for anti-

reflux surgery [Granderath FA et al., 2002], many 
patients continue to avoid any procedure. In our 
study 76 patients (74.5%) had previous non effec-
tive prolonged medical therapy, 5 of them had 10 
years use of proton pump inhibitors. In our opin-
ion, not regular use of medical therapy was the 
main cause of high incidence of esophagitis in 
study group.

In the operative treatment of GERD open pro-
cedures currently are performed in few cases. The 
laparoscopic approach has been a standard and the 
main operative method in this field since the 1990s. 
Functional results of laparoscopic antireflux opra-
tions are equal to that of open surgery and is asso-
ciated with low morbidity and mortality, signifi-
cantly less postoperative morbidity, and a shorter 
hospital stay [Geagea T 1991; Frantzides CT et 
al., 1997; Hinder R.A et al., 1997; Laine S et al 
1997; Peters MJet al., 2009; Fuchs KH et al., 
2014]. But there is no unique reliable method of 
antireflux surgery, surgeons use various modifica-
tions. Another problem of antireflux surgery are 
high complication and recurrence rates. Poor re-
sults of fundoplication (recurrent reflux, disabling 
dysphagia, or long-term discomfort) occur in 
2-10% of patients [Huttl TP et al., 2005].

After some experience of open antireflux sur-
gery laparoscopic operations were performed in 
our clinic. In the first part of this period Nissen-
Rossetti method without short gastric vessels divi-
sion was used. In the second period of the investi-
gation short gastric vessels division with complete 
and not complete wrap formation was done.

Some authors have reported a significant decrease 
in postoperative dysphagia after routine division of 

Table 4.
Results of follow-up assessment of operated patients

Operations with complete 
fundoplication

(n = 35)

Operations with not 
complete fundoplication

(n =43)
Laparoscopic 

procedures
(n = 21)

Open 
procedures

(n = 14)

Laparoscopic 
procedures

(n = 25)

Open 
procedures

(n = 18)
“Excellent” functional outcome 17 12 19 15 0.938
“Good” functional outcome 3 1 4 1
“Moderately good” functional outcome 1 - 1 1
“Poor” functional outcome - 1 1 1
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the short gastric vessels [Hunter JG et al., 1995].
We had the same result in our study - all cases 

of postoperative dysphagia refer to the first period 
of our investigation when we didn’t perform divi-
sion of short gastric vessels. We consider the divi-
sion of short gastric vessels decreases the tonus of 
gastric wall in fundus resulting in less compres-
sion of the esophagus and cardia by the wrap. 
Complete fundoplication with tight wrap and with-
out short gastric vessel’s division has a high risk of 
dysphagia. But the complete mobilization of the 
gastric fundus has an advantage, it provides suffi-
cient material for fundoplication wrap formation. 
Fundoplication over the bougie prevents tight wrap 
formation and various deformities, but it doesn’t 
solve all problems. It is important to note that in 
majority of cases the problem of dysphagia is 
solved within 6 weeks after the procedure.

Recurrence of symptoms like heartburn and 
belching are common after not complete fundoplica-
tion. In late postoperative period there is high risk of 
reflux recurrence. We consider the cause of recur-
rence is associated with loose wrap and large mobili-
zation of greater curvature of stomach, it results in 
low tonus of gastric wall included in the wrap.

Another point of discussion are follow techni-
cal aspects of antireflux procedures: to create a 
functional antireflux barrier and perform hiatal re-
pair. The reconstruction of the antireflux barrier 
consists of three fundamental components: (1) 
proper length of the intra-abdominal esophagus, 
(2) crural repair, and (3) fundoplication [Fuchs KH 
et al., 2014]. In cases of the combination of GERD 
and hiatal hernia operation includes also hernia sac 
excision [Oelschlager BK, Pellegrini CA, 2001; 
Taragona EM et al., 2004].

In our study we followed the mentioned above 
principles, but in cases of giant hiatal hernias the 
hernia sac was not removed for the prevention of 

injuries of intrathoracic organs and structures. 
After a proper mobilization of the abdominal part 
of the esophagus we performed crural repair and 
mesh reinforcement, procedures completed with 
fundoplication. Fundoplication wrap in our study 
is always fixed to the wall of esophagus and car-
dia, it is never fixed to the diaphragmatic cruras 
and surround tissues. In our opinion fixation of the 
wrap to the surround tissues impairs the mobility 
of the esophagus and stomach and can cause pain 
in the upper abdomen. We always use mesh rein-
forcement in cases of hiatal hernia. We do it in a 
similar way as in cases of external abdominal her-
nias. In our study there was no case of erosion of 
organs walls by mesh.

Different antireflux procedures with numerous 
modifications have been reported, but no unique 
open or laparoscopic antireflux technique has 
been accepted. The best surgical technique for 
GERD, however, remains a subject of debate, and 
should be assessed with prospective randomized 
clinical studies [Huttl TP et al., 2005]. Adherence 
to principles of antireflux procedures, complete 
wrap formation with the division of short gastric 
vessels and hiatal repair seem reliable and effec-
tive method for surgical treatment of GERD. Sub-
sequent investigations are needed for this prob-
lem solution.

concluSion

Complete fundoplication is a more reliable 
method of antireflux procedures for surgical 
treatment of gastroesophageal reflux disease. Di-
vision of short gastric vessels helps to prevent the 
persistent dysphagia. Repair of esophageal hiatus 
of diaphragm is mandatory in antireflux proce-
dures. In cases of subtotal or total hiatal hernias is 
efficient to avoid removal of hernia sac for pre-
vention of intrathoracic structures injury. 
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