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ABSTRACT

Aim: To report the experience in the use of gasless laparoscopy in the treatment of patients with hiatal hernia that was accumulated in a specialized thoracic center.
Materials and Methods: Operations were performed via three to six centimeter midline access in the epigastrium with a camera installed in the left
hypochondrium. A laparolift provided with the traction on the edge of the midline wound. Hiatus was repaired with diaphragmatic pillars suturing without
mesh emplacement. Patients with gastroesophageal reflux disease underwent fundoplication. Operations were estimated concerning their duration, and
complications and hernia recurrence development.

Results: The analysis covers the results of treatment of 159 patients with primary and seven recurrent hiatal hernia, 112 women and 54 men with median
age of 61 years, who underwent gasless laparoscopy from October 2019 to July 2025 in the single thoracic centre. Among all instances, 57 (34.34%) met the
criteria for large hiatal hernia. The duration of operations with posterior esophageal cruroplasty and antireflux procedure, excluding cases of recurrent hernias,
conversions, and intraoperative complications, was 227+59 minutes, and 31369 minutes (p<0.001) for recurrent hiatal hernia. Intraoperative complications
occurred in nine cases, postoperative morbidity in 22. Recurrent hiatal hernia emerged in seven patients; their occurrence is considering predictable in five.
Conclusions: Gasless laparoscopy allows combining the advantages of minimally invasive and open surgery in the hiatal hernia treatment. Our findings

suggest that the method may be beneficial in large paraesophageal hernias, and in patients with severe comorbidities.
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INTRODUCTION

Laparoscopic repair with antireflux surgery is the
accepted standard in the surgical treatment of hiatal
hernia (HH) [1, 2]. Existing controversies relate mainly
to specific technical aspects of the procedure under
different clinical conditions, including reinforcement of
the diaphragmatic crura with mesh or biologic grafts,
the need for fundoplication in paraesophageal HH
without gastroesophageal reflux disease (GERD), and
some aspects of redo surgery in recurrent HH [3-5].
Conventional laparoscopy (CLS) remains the principal
minimally invasive approach for HH repair. Meanwhile,
publications on gasless laparoscopy (GLLS) in cholecys-
tectomy and gynecological surgery have demonstrated
clinical effectiveness and economic advantages of this
technique [6, 7].
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AIM

The purpose of this study is to report the experience
in the use of GLLS in the treatment of patients with
HH, that has been accumulated in a specialized tho-
racic center.

MATERIALS AND METHODS

The analysis included 166 patients with primary and
recurrent HH who underwent surgical treatment using
GLLS between October 2019 and July 2025. Hernias were
classified into types |-V according to Skinner and Belsey
(1967) [8] based on the results of computed tomogra-
phy (CT) or barium contrast radiography. Regardless
of type, large HH were defined by one of the following
criteria [9]: ) more than 30% of the stomach displaced
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into the thoracic cavity in CT or radiographic image; Il)
intraoperatively measured transverse diameter of the
esophageal hiatus was greater than 5 cm; lll) hiatal area
exceeded 10 cm’.

All procedures were performed under multicompo-
nent general anesthesia with mechanical ventilation
through a 3-6 cm upper midline epigastric access. The
operative space was supplied by the traction on the left
edge of the wound with a laparolift system. The visual-
ization was provided by a camera had been installed in
the left hypochondrium.

Regardless of HH type, surgical principles consistent with
modern hiatal surgery [10, 11] were followed: complete
mobilization of the cardia and lower esophagus including
abdominal and supradiaphragmatic segments, mobiliza-
tion of the gastric fundus with division of the upper short
gastric vessels, preservation of the main gastric arterial
and vagal trunks, excision of the hernial sac, removal of
displaced retroperitoneal fat, careful dissection and sutur-
ing of the diaphragmatic crura without tension and under
direct visualization predominantly behind the esophagus.

Mesh reinforcement was not used because the dia-
phragmatic pillars remained mobile and suitable for re-
construction. In most cases, the anterior esophageal wall
was fixed to the margin of the hiatal opening. HH type
I, as well as HH type Ill associated with GERD, required
fundoplication with subsequent fixation of the wrap to
the right diaphragmatic crus. In cases without fundopli-
cation, left-sided fundophrenicopexy was performed.

Patients were stratified according to age, sex, obesity
at body mass index (BMI) >35, HH type, and hernia size.
HH-related complications and comorbidities were also
taken into account. Surgical outcomes were assessed
based on duration of procedures, perioperative com-
plications, and HH recurrences. The adequacy of hiatal
repair was evaluated radiologically by barium contrast
imaging 14-21 days after surgery.

HH recurrence was defined as displacement of the fun-
doplication wrap or esophagogastric junction more than
2 ¢cm above the diaphragm [12]. Reappearances were
identified during routine follow-up within 6-12 months,
after referral due to clinical symptoms, orincidentally by
CT examinations performed for other reasons.

Statistical analysis included calculation of mean values,
standard deviation, median values, and Student’s t-test.
The study was approved by the Bioethics Commission
of the National Pirogov Memorial Medical University,
Vinnytsya, Ukraine.
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RESULTS

GLLS were used for 159 primary and 7 recurrent HH repair
in 112 women and 54 men with amean age of 57.5+11.3
years. Among primary HH, type | was identified in 81 of
159 (51.0%), type Il in five (3.1%), type lll in 67 (42.1%),
and type IV in six (3.8%) cases. Large HH occured in 57
patients (34.34%). Since 2022, the proportion of HH type
llland IV increased from 25.8% (8 of 31) in 2019-2021 to
44.9% (22 of 49) in 2022-2023 and 54.4% (43 of 79) in
2024-2025. Overall, 93 of 166 patients (56.0%) were older
than 60 years, with a median age of 61 years. Among
these patients, 71 belonged to the 60-69-year age group,
20 to the 70-79-year group, and two patients were older
than 80 years. In patients older than 60 years, type Il HH
predominated (59 of 93 cases, 63.4%).

Regarding recurrent HH, six of seven cases developed
after conventional laparoscopic procedures performed
at other institutions. In one patient, hernia reappeared
after inadequate primary repair at our center.

Among HH-related complications, GERD-associated
conditions prevailed, including esophagitis in 114 and
anemiain 29 cases. Eight patients experienced strangu-
lation without necrosis of incarcerated organs.

Concomitant diseases (Table 1) were identified in 146
patients, with a total of 422 comorbidities correspond-
ing to 2.9 diagnoses per patient.

Hiatal repair was performed using interrupted su-
tures placed behind the esophagus in 161 cases and
anteriorly in five ones. Antireflux procedures were con-
ducted in 133 of 166 patients (80.1%), predominantly
Nissen fundoplication (129 patients). The Toupet and
Dor techniques were used twice each. In 33 elderly
patients with type Ill HH without GERD, fundoplication
was omitted and left-sided fundophrenicopexy was
performed instead.

In all recurrent HH, posterior esophageal cruroplasty
was used for hiatal reconstruction. Existing fundopli-
cation wraps were preserved during redo operations.
One patient underwent Dor fundoplication, whereas
in another case where the wrap had not been formed
previously, Nissen procedure was performed.

The mean operative duration for posterior esophageal
cruroplasty with antireflux surgery was 227+59 min
(median 222 min), excluding recurrent HH, conver-
sions, and intraoperative complications,. According to
HH type, operative duration was 219+59 min for type
[, 215£60 min for type Il (p>0.5), 23659 min for type
[l (p>0.1), and 28367 min for type IV HH (p<0.05). In
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Table 1. Concomitant diseases in 146 patients (422 comorbidities)

Diagnosis n (%)
Arterial hypertension 127 (87.0%)
Myocardiosclerosis 118 (80.8%)
Acquired valve pathology 26 (17.8%)
Arrhythmias 18 (12.3%)
Angina pectoris 7 (4.8%)
Circulatory failure 43 (29.5%)
Pathology of the veins of the lower extremities 11 (7.5%)
Grade II-ll obesity 18 (12.3%)
Peritoneal adhesions 15 (10.3%)
Kidney diseases (single kidney (2), chronic kidney disease (2), cysts (5), urolithiasis (1)) 10 (6.8%)
Goiter 6 (4.1%)
Chronic arthritis 6 (4.1%)
Chronic hepatitis 6 (4.1%)
COPD 2 (1.4%)
Diabetes 4 (2.7%)
Calculous cholecystitis 4 (2.7%)
Esophageal achalasia 1(0.7%)
Total diagnoses, n 422

Source: compiled by the authors of this study

Table 2. Intraoperative complications and methods of correction (n=166)

Complication n (%) Method of correction Conversion to open surgery, n
Bleeding from gastric vessels 4 (2.4%) Local hemostasis 1
Splenic bleeding 2(1.2%) Local hemostasis 0
Pneumothorax 2 (1.2%) Pleural drainage 0
Esophageal perforation 1 (0.6%) Suturing under endoscopic control 0
Total 9 (5.4%) 1

Source: compiled by the authors of this study

Table 3. Factors associated with recurrent HH after surgery (n=7)

Factor category Specific factor n (%)
Technical factor Inadequate closure of the hiatal defect due to insufficient preparation of the left diaphragmatic pillar 1 (14.3%)#
Tactical factor Isolated anterior cruroplasty 2 (28.6%)
Anatomical factor Hyperkyphosis 2 (28.6%)
Unidentified factor Not found 2 (28.6%)
Total 7 (100%)

# — patient underwent redo surgery
Source: compiled by the authors of this study

18 obese patients (BMI >35) surgeries lasted 297+60
min compared to 213154 minin other cases (p<0.001).

Redo operations for recurrent HH required prolonged
and meticulous dissection (313£69 min, p<0.001) due
to the presence of dense adhesions in the upper abdo-
men and mediastinum.

Intraoperative complications were observed in nine
patients (5.4%). Bleeding from gastric vessels occurred
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in four cases, and splenic bleeding was noted in two.
Pneumothorax developed in two patients due to pleural
opening during dissection of intrathoracic adhesions in
recurrent HH. Esophageal perforation occurred in one
patient. All complications were managed intraoperative-
ly without adverse effects on final outcomes (Table 2).
Conversion to open surgery was necessary in three
patients due to difficulties associated with fixation of
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hernial contents in the mediastinum during reoperation
in two cases and bleeding in one case.

Postoperative morbidity developed in 22 patients
(9.6%), with a total of 26 complications classified as
Clavien-Dindo grades I-IlIA. Among them surgical site
infection prevailed (19 occurrences). Other complica-
tions included: exudative pleurisy (3 instances), two
deep vein thrombosis of the lower extremities with
an event of non-massive pulmonary embolism, and
an acute perforated gastric ulcer. There were no fatal
consequences.

During follow-up, persistent abdominal distension
lasting more than six months after surgery was ob-
served in 15 patients and was managed conservatively
using prokinetics and simethicone. No clinically sig-
nificant long-term postoperative dysphagia requiring
reintervention was observed. Recurrent HH developed
in seven patients within 6-48 months after surgery ow-
ing to the factors summarized in Table 3. One patient
underwent redo surgery, while the others remained
asymptomatic and did not require intervention.

DISCUSSION

The use of GLLS for HH repair has not yet been investi-
gated sufficiently. Most studies comparing laparoscopy
with and without pneumoperitoneum have focused
on cholecystectomy and gynecological procedures. A
systematic review demonstrated non-inferiority of GLLS
regarding safety and efficiency [6]. The technique has
also been considered useful for expanding minimally
invasive surgery in low- and middle-income countries
[7, 12]. Although the Ukrainian healthcare system re-
mains technologically equipped, current wartime and
postwar conditions necessitate rational use of resourc-
es. Nevertheless, most leading authors in lift-assisted
laparoscopy originate from high-income countries [13],
suggesting that interest in this technique is associated
not only with economic considerations but also with
clinical advantages. Thus, GLLS is able to reduce the
negative effects of prolonged pneumoperitoneum
on hemodynamics, visceral perfusion, and respiratory
function [14-19], which is particularly important in
high-risk patients. In the present study, most patients
were older than 60 years and cardiovascular diseases
predominated among comorbidities; however, no de-
terioration of concomitant conditions was observed
perioperatively.

Another potentially important aspect of GLLS con-
cerns the management of large hiatal hernias, which
correlate with elevated perioperative morbidity [20]
and high recurrence risk after conventional laparo-
scopic repair [21, 22]. Caused by pneumoperitoneum

excessive tension during hiatal closure is considered
one of the HH recurrence predictors [23, 24]. Meanwhile,
abdominal wall lifting does not cause additional lateral
traction on the diaphragmatic crura.

In the present series, predisposing factors for recur-
rence were found in five of seven patients. One recur-
rence was related to technical error during primary
repair. The patient underwent repeat surgery with
good result. Two recurrences occurred after isolated
anterior cruroplasty, which had been provided in crit-
ically ill patients because of hemodynamic instability
and strangulated HH. We also experienced hernia re-
appearence in two patients with severe hyperkyphosis,
which has been recognized as a risk factor for failure of
HH repair [25]. Further studies involving larger patient
populations and longer follow-up are required to clarify
whether GLLS provides advantages over conventional
laparoscopy in reducing recurrence rates.

The limitations of GLLS include reduced operative
space and altered visualization geometry [6]. Additional
technical difficulties include the close proximity of
instruments to the camera and the absence of the “car-
boxydissection” effect. These disadvantages become
especially pronounced in obese patients. In the present
study, obesity was associated not only with prolonged
operative duration but also with increased intraopera-
tive morbidity, since all severe bleeding episodes and
the single esophageal perforation occurred in patients
with BMI >35. In extended and technically demanding
procedures, surgeon fatigue additionally contributes
to complications; therefore, surgeon rotation might be
reasonable in selected cases.

Furthermore, high risk of surgical site infection relat-
ed to prolonged wound retraction is regarded among
GLLS challenges [6]. In the present study, surgical site
infections represented the most common postopera-
tive complication.

CONCLUSIONS

GLLS combines several advantages of minimally inva-
sive and open surgery in the treatment of HH. The tech-
nique appears particularly promising in patients with
large paraesophageal hernias and severe comorbidities,
where avoidance of prolonged pneumoperitoneum
and reduction of tension during hiatal repair might be
beneficial. At the same time, obesity and technically
demanding redo procedures remain important risk
factors for operative difficulties and complications.
Further prospective studies with longer follow-up are
necessary to determine the long-term clinical benefits
and recurrence outcomes of GLLS compared to con-
ventional laparoscopic repair.
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