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Abstract

Background Different surgical variations have been described for laparoscopic crural repair however, the technique is not
standardized and left to the surgeons’ preference.

Objective The purpose of this study is to describe a standardized “patient tailored” approach for laparoscopic posterior
cruroplasty in the setting of elective hiatal hernia repair.

Methods Retrospective single-center study was conducted (November 2015 to November 2019). The technical aspects of
a standardized “patient tailored” laparoscopic posterior crural repair are described. Perioperative outcomes and patients’
quality of life, measured with the disease specific Gastro-Esophageal Reflux Disease Health-Related Quality of Life (GERD-
HRQL) and generic Short Form-36 (SF-36), were analyzed.

Results One hundred and forty-one patients were treated for symptomatic hiatal hernia according to the described “patient
tailored” concept. Overall, 102 (72.3%) patients underwent simple suture repair while simple suture repair buttressed with
biosynthetic resorbable U shaped mesh [Phasix ST®-Bard] was used in 39 (27.7%) patients. Toupet fundoplication was fash-
ioned in all patients. The median operative time was 131 min (IQR 55-240). No intraoperative complications or conversion
to open surgery occurred. The median postoperative stay was 1.8 days (range 1-7). The overall postoperative complication
rate was 4.2%. The median follow-up was 21 months (IQR range 1-34) with 102 patients having a minimum follow-up
of 6 months. Recurrent hernia was diagnosed in three patients (2.1%), but none required reoperation. No mesh-related
complications occurred. Compared to baseline, the median GERD-HRQL (p =0.003) and all SF-36 items (p <0.001) were
significantly improved.

Conclusion The application of a standardized “patient tailored” concept for laparoscopic posterior cruroplasty seems safe
and effective in the medium-term follow-up with promising perioperative outcomes and quality of life improvement. This
approach may be valuable to assure procedure reproducibility, standardization, and to uniformly interpret the outcomes.
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Introduction

Hiatal hernia occurs when contents of the abdominal cavity
protrude through the esophageal hiatus of the diaphragm.
Factors that contribute to its development include enlarge-
ment of the hiatus, increased abdominal thoracic pressure
gradient, depletion of elastic fibers in the phrenoesophageal
membrane with aging and deterioration of the crura muscle
fibers [1]. In addition, changes in spinal curvature may be an
important pathogenic factors [2]. The stomach is the most
commonly involved viscera and pathologic gastroesophageal
reflux disease (GERD) may be associated.

Laparoscopic hiatal hernia repair with fundoplication has
been shown to be a valuable option in symptomatic patients
[3, 4]. Reconstruction of the diaphragmatic crura cannot
exempt from a careful evaluation of the complex anatomical
conformation of the esophageal hiatus [1]. Different tech-
niques have been described for posterior cruroplasty ranging
from simple suture repair to simple suture buttressed with
mesh [5]. However, these techniques are not standardized
and left to the surgeons’ preference and “feeling” of weak
crura [6].

In an attempt to overcome the limitations of a non-stand-
ardized repair, we describe and propose our standardized
“patient tailored” approach for posterior cruroplasty in the
treatment of hiatal hernia. In addition, we aimed to analyze
the perioperative outcomes and disease specific quality of
life.

Methods

This single center retrospective study was conducted from
November 2015 to November 2019 including patients
operated for hiatus hernia. Indications for surgery were
in accordance with the Society of American Gastrointes-
tinal and Endoscopic Surgeons (SAGES) 2010 Guidelines
for Surgical Treatment of GERD [7]. All procedures were
performed by three surgeons (DB, GS, and AA). The Insti-
tutional Review Board (IRB) approved the study and all

Table 1 The Laparoscopic hiatal hernia classification

patients signed a written informed consent to participate in
the study and follow-up. Inclusion criteria: (a) patients suf-
fering from symptomatic hiatus hernia; (b) elective laparo-
scopic repair. Exclusion criteria (a) patients unfit for surgery;
(b) previous resective gastric operations.

“Patient tailored” concept

A standardized “patient tailored” concept based on four
parameters was introduced in accordance with literature
evidence and surgeons experience:

Laparoscopic hiatus hernia classification (Table 1)

The type of hernia is stratified into Type I-II (1 point), Type
[ITa (2 points), and Type IIIb-IV (3 points).

Hiatus diastasis

After mediastinal and circumferential esophageal dissection,
the transverse opening diameter of the hiatus is measured
with a laparoscopic ruler just below the esophagus and clas-
sified as <2 cm (1 point), >2 and <4 cm (2 points), >4 cm
(3 points).

Tropism of diaphragmatic pillars

Pillars were apriori categorized on the basis of the transverse
length measured with a laparoscopic ruler. Pillars <5 mm
were defined hypoplasic while pillars > 5 mm were defined
as normal. The presence of hypoplasic pillars (<5 mm) is
3 points while the presence of normal pillars (> 5 mm) is 1
point.

Recurrence

The presence of recurrence gives two extra points.

Based on the final score the surgeon decided to repair the
esophageal crura with simple suture technique (<5 points)
or simple suture buttressed with absorbable Phasix ST®
mesh (> 5 pts) (Table 2).

Hiatal hernia ~ Laparoscopic classification

Type 1 Hiatal hernia with supra-diaphragmatic sliding of the cardia. “Sliding hiatal hernia”
Type 11 Hiatal hernia with gastric fundus and greater curvature roll up through the diaphragm
“Paraesophageal or rolling hernia”

Type Illa Combination of both Type I and Type II hernia with supra-diaphragmatic sliding of the cardia, gastric fundus, and gastric body
(<50%)

Type IlIb Combination of both Type I and Type II hernia with supra-diaphragmatic sliding of the cardia, gastric fundus, and gastric body
(>50%)

Type IV Hiatus hernia with associated supra-diaphragmatic sliding of other abdominal viscera (i.e., omentum, colon, etc.)

@ Springer
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Table 2 The type of hernia
was stratified into Type I-II (1

point), Type Illa (2 points), and
Type HIb-1V (3 points)

621
Parameters 1 point 2 points 3 points
Laparoscopic classification Type I-11 Type Illa Type IIIb-IV
Hiatus diastasis <2cm >2-<4cm >4 cm
Hypotrophy of diaphragmatic pillars Absent (>5 mm) 1/ Present (<5 mm)

The opening of the hiatus was stratified as less than 3 cm (1 point), between 3 and 4 cm (2 points), more
than 4 cm (3 points). The presence of hypoplasic pillars (<5 mm) gives 3 points and the presence of nor-
mal pillars (>5 mm) give 1 points. Finally, the presence of recurrence gives 2 extra points. Based on the
final score the surgeon decided to place (>5 pts) or not to place (<5 pts) the reinforcement mesh

Fig.1 After mediastinal dissection and circumferential downward
esophageal mobilization, the opening diameter of the crura is meas-
ured just below the esophagus with a laparoscopic ruler

Surgical technique

The patient is placed in the reverse Trendelenburg position
with the operating surgeon standing between the patient’s
legs. Five trocars are used and placed standard position
for esophageal junctional procedures. The hiatus hernia
classification is assigned. The gastrohepatic ligament is
opened above the hepatic branch of the vagus nerve. By
dividing the peritoneal reflection, the anterior aspect of the
esophagogastric junction and the angle of his are exposed.
The phrenoesophageal ligament is divided just lateral to
its esophageal insertion. The avascular plane outside of
the hernia sac is identified and dissected in a clockwise
direction to reduce the herniated stomach. The medias-
tinal dissection and esophageal downward mobilization
for at least 3 cm are completed. If present, the hernia sac
and the lipoma are dissected free. Anterior and posterior
branches of the vagus nerve are identified and preserved.
The pneumoperitoneum is reduced to 8 mmHg to facilitate
the recruitment of the left crus thus allowing a tension
free closure. The wider opening diameter of the crura just
below the esophagus and transverse diameter of the left
and right pillars are measured with a laparoscopic ruler

(Fig. 1).

Fig.2 a-b respecting the crura anatomy, the stitches of the hiato-
plasty are passed from the left to the right diaphragmatic pillar by
transfecting the left pillar 5 mm higher than the right

Cruroplasty with interrupted suture (score < 5)

The reconstruction of the diaphragmatic pillars is performed
with interrupted non-resorbable sutures (Prolene® 2.0-Ethi-
con). Laparoscopic simple suture technique with extracor-
poreal knot ties is performed using round %2 curved needles.
The hiatoplasty starts from the bottom extended upwards.
With respect to the normal anatomy of the crura whit an
oblique insertion of the muscular bundles from left to right,
the stitches are passed from the left to the right by transfix-
ing the left pillar 5 mm higher than the right (Fig. 2a, b).
Three or four stitches are needed to complete a posterior
hiatoplasty reconstruction. The crura should not be exces-
sively tight to leave a small 5 mm window from the highest
stitch to the posterior esophageal wall since a laparoscopic
instrument could be passed (Fig. 3).
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Fig. 3 Three stitches are usually needed to complete the laparoscopic
posterior cruroplasty. The crura should not be excessively tight and
a small 5 mm window is left from the highest stitch to the posterior
esophageal wall

Fig.4 The crura can be reinforced using 10x7 cm U shaped biosyn-
thetic absorbable mesh (Phasix ST®-Poly-4-hydroxybutyrate (P4HB)
with one-side hydrogel barrier

Cruroplasty with interrupted suture reinforced
with mesh (score >5)

The posterior hiatoplasty is reinforced using a 10 X7 cm
U shaped biosynthetic absorbable mesh [Phasix
ST®-Poly-4-hydroxybutyrate (P4HB)-Bard] with one-side
hydrogel barrier (Fig. 4). This mesh has a full reabsorp-
tion time ranging from 12 to 18 months [8]. The mesh is
placed over the hiatoplasty and fixed with two intracor-
poreal resorbable braided sutures (Vycril® 2.0-Ethicon) to
the right and left diaphragmatic pillar. The right portion of
the mesh is placed over the right crus below the caudate
lobe of the liver. On the other side the larger left portion
placed on the left pillar until it lodges on the diaphragm
posteriorly to the spleen. The biosynthetic mesh is gradu-
ally reabsorbed and replaced by vascularized soft tissue.

@ Springer

Toupet fundoplication

The fundus is rotated anticlockwise through the retroesopha-
geal window. A “shoe-shine” maneuver allows to tailor the
wrap ensuring that there is no radial tension. Incremental
adjustments of the fundus may be required until it lies poste-
riorly without tension. Toupet 270° posterior fundoplication
is fashioned according to the previously described “critical
view” concept [9].

Follow-up

Perioperative complications were defined in accordance
with the modified Clavien—-Demartines—Dindo classifica-
tion [10]. Outpatient follow-up visits were scheduled at 1,
6, and 12 months after operation, and then yearly. Both bar-
ium swallow study and/or upper gastrointestinal endoscopy
were performed between 6 and 12 months after surgery, and
repeated every year or at any time the patient complained
of symptoms. Disease specific Gastro-Esophageal Reflux
Disease Health-Related Quality of Life (GERD-HRQL)
and generic Short Form-36 (SF-36) were used to assess
patients’ quality of life at baseline and during follow-up [11].
Hernia recurrence was defined as recurrent GERD symp-
toms with>2 cm of gastric tissue above the diaphragmatic
impression evidenced at follow-up upper endoscopy and/or
swallow study [12].

Statistical analysis

Continuous data are reported as mean + standard deviation
or median and interquartile range (IQR), as appropriate.
Categorical data are reported using frequencies and propor-
tions. Wilcoxon signed rank for paired data was performed
as appropriate. Two-sided p values were computed. Statisti-
cal significance was considered when p value was equal or
less than 0.05. All analyses and figures were carried out
using R version 3.2.2 software [13].

Results

Overall, 141 patients underwent laparoscopic hiatus hernia
repair and Toupet fundoplication during the study period and
were managed according to the described “patient tailored”
concept. Demographics of the patient population are shown
in Table 3.

Type I-1I hiatus hernia (57.4%) were the most commonly
diagnosed hernias, followed by type IIla (24.1%), and type
IIIb-IV (18.5%). Overall. 86 patients (61.2%) were meas-
ured with hiatus diastases <2 cm while 16 patients (11.3%)
had a hiatus diastasis >4 cm. Pillars were hypoplasic in 30
patients (21.3%) (Table 4). Overall, 102 (72.3%) patients
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Table 3 Demographic and preoperative characteristics of the patient
population

n=141
Age, years (mean + SD) 65.1+13.7
Sex, female, n (%) 76 (53.9)
BMI, kg/mz, (mean + SD) 26.7+4.2
ASA score>3, n (%) 23 (16.3)
Comorbidities, n (%)
Hypertension 73 (51.8)
Smoke 35 (24.8)
Kyphosis 21 (14.9)
CAD 20 (14.2)
COPD 11 (8.1)
Symptoms, n (%)
Heartburn 89 (63.1)
Regurgitation 36 (25.5)
Chest pain 34 (24.1)
Nausea/vomiting 21 (14.9)
Anemia/previous blood transfusion 18 (12.7)
Esophagitis, n (%) 32 (22.7)
Barrett’s esophagus, n (%) 10 (6.9)

Values are expressed as mean + standard deviation or numbers (%)

BMI Body Mass Index, ASA American society of anesthesiologists
classification, CAD coronary artery disease, COPD chronic obstruc-
tive pulmonary disease

Table 4 Intraoperative characteristics of the patient population
(n=141)

Laparoscopic hiatus hernia classification, n (%)

Type I-1I 81 (57.4)

Type la 34 (24.1)

Type HIb-1V 26 (18.5)
Hiatus diastase, n (%)
<2 86 (61.2)
>2-<4cm 39 (27.5)
>4 cm 16 (11.3)
Atrophy of the pillars, n (%)

No (>5) 111 (78.7)

Yes (<5) 30 (21.3)
Recurrence, n (%)

No 125 (88.6)

Yes 16 (11.4)

Values are expressed as numbers (%)

underwent simple suture crura repair (score < 5) while bio-
synthetic U shaped mesh was used for crura reinforcement in
39 (27.7%) patients (score >5). Toupet fundoplication was
fashioned in all patients. Posterior cruroplasty was fash-
ioned with 3 interrupted sutures in 120 patients (85.1%)
while cruroplasty with 4 interrupted sutures was completed

in 21 patients (14.9%). Additional anterior hiatoplasty was
required in 13 patients (9.2%). The median operative time
was 131 min (range 55-240). There were no conversions to
open procedure. No intraoperative complications occurred
and the median blood loss was 80 ml (range 45—-170). The
median postoperative stay was 1.8 days (range 1-7). The
overall postoperative complication rate was 4.2% (n=6).
The distribution of complications according to the modi-
fied Clavien classification was Grade II 0.7% (pneumonia;
n=1), grade [lla in 2.1% (pneumothorax; n =2 and transient
gastric distension treated with nasogastric tube decompres-
sion; n=1), grade I1Ib in 0.7% (pleural empyema; n=1),
and grade IV in 0.7% (pulmonary embolism; n=1) of the
patients. There was no mortality (Clavien V).

The median follow-up was 21 months (IQR 1-34) with
112 patients (79.4%) having a minimum follow-up of
6 months. Hernia recurrence was diagnosed in three patients
(2.1%), all managed with PPI. Postoperative dysphagia was
diagnosed in two patients (1.4%) and successfully treated
with endoscopic balloon dilatation. Overall, 86% of the
patients were off PPI with 11% taking daily or occasional
PPI for residual symtpoms. Other 3% of the patients were
on PPI because other medical reasons. Gas bloat symptoms
were recorded in 22.3% of the patients (n=31) while ability
to vomit and ability to belch were preserved in 83.5-91.3%
of the patients, respectively. Both the GERD-HRQL
(14.4 £6.8 vs. 3.9+3.2; p=0.003) (Fig. 5) and all SF-36
items were significantly improved (p <0.001) (Table 5) com-
pared to baseline.
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Baseline Post-operative

Fig.5 Baseline and post-operative box plot showing results for the
disease specific Gastro-Esophageal Reflux Disease Health-Related
Quality of Life (GERD-HRQL) (14.4+6.8 vs. 3.9+3.2; p=0.003)
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Table 5 Baseline and postoperative results of the Short Form-36 (SF-
36) Questionnaire

SF-36 domain Baseline score Post-operative score p value

Physical function 46.8+17.5 797179 <0.001
(PF)
Role physical (RP)  28.4+16.7 82.1+19.8 <0.001
Bodily pain (BP) 54.3+20.7 78.5+21.8 <0.001
General health (GH) 40.6+19.3 66.7+19.1 <0.001
Vitality (VT) 49.7+11.8 65.1+164 0.001
Social function (SF) 45.2+17.7 749+19.2 <0.001
Role emotional (RE) 53.1+28.7 86.2+26.4 <0.001
Mental health (MH) 61.8+15.7 78.3+18.6 <0.001
Component summary (CS) (orthogonal rotation weight)
Physical (PCS) 45.7+17.8 759+184 <0.001
Mental (MCS) 549+19.4 79.6£18.2 <0.001

Values are expressed as mean =+ standard deviation

PF physical function, RP role physical, BP bodily pain, GH general
health, VT vitality, SF social function, RE role emotional, MH mental
health, PCS physical component summary, MCS mental component
summary

Discussion

Laparoscopic posterior cruroplasty represents a cardinal
step in the treatment of hiatal hernia. The most appropriate
technique for hiatus repair is left to the surgeons’ preference
and “feeling” of weak crura while an objective and stand-
ardized method for crura repair is lacking. This introduce
a significant interstudy heterogeneity because of different
surgeons’ capabilities and expertise. In an attempt to over-
come these limitations, we propose a standardized “patient
tailored” concept for crura repair with the intent to improve
procedure reproducibility, standardization, and uniformly
interpret outcomes.

When Andre Toupet first described his technique in 1963,
the hiatus closure was recommended only in case of large
defects [14]. By contrast, the modern notion of fundoplica-
tion encompasses the concept of hiatus closure in attempt to
reduce recurrences and improve reflux [15]. However, there
also remains a debate regarding the best way to close the
crura while different non-standardized techniques have been
described ranging from simple suture to simple suture rein-
forced with mesh [16-19]. A 2006 randomized controlled
trial compared primary repair vs. primary repair reinforced
with biological mesh in the setting of paraesophageal her-
nias. The authors found a statistically significant reduced
6 months recurrence rate for mesh repair (9% vs. 24%,
p =0.04) with no statistically significant differences in the
long-term (5-year) [20]. Similarly, recent systematic reviews
and meta-analyses showed statistically significant reduced
recurrence rate for laparoscopic mesh-reinforced crura repair
[21-23]. Up to date, no definitive evidence exists to strongly
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recommend mesh augmentation for large hiatal hernia repair
because of the low ‘‘quality of evidence’’ related to the data
heterogeneity, inconsistency of hernia definition, hernia
recurrence, and technical variations [24]. Moreover, mesh-
related complications such infection, migration, shrinkage,
and esophageal erosion should be considered [25, 26].

Because of the different techniques, cruroplasty is prone
to extreme variability and such heterogeneity may introduce
a significant interstudy background bias related to surgeons’
experience and preference. In an attempt to reduce this het-
erogeneity, based on the literature data and senior surgeon’s
experience (DB), four parameters (laparoscopic hiatal her-
nia classification, hiatus diastasis, tropism of the crural
pillar, and recurrence) were identified and considered for
this standardized “patient tailored” concept. As previously
reported, type III-IV hiatal hernia and an increased cranio-
caudal height have been shown to be associated with the
augmented risk of postoperative hernia recurrence [27, 28].
Endzinas and colleagues described a cohort of 381 patients
treated for small (grade 1 and 2; n=272) and large (grade 3
and 4; n=109) hiatus hernia. The authors found a statisti-
cally significant higher recurrence rate in patients diagnosed
with large hiatus hernia (10.1% vs. 2.58%; p <0.05) [29].
The larger hiatus diastasis yields crura approximation at
increased tension with a presumed high risk of stitch detach-
ment. This concept was proposed by Granderath and col-
leagues who first introduced the idea of the Hiatal Surface
Area (HSA). Overall, 55 patients underwent laparoscopic
antireflux surgery (Nissen =47.2% and Toupet=52.8%) for
GERD. Thirty-two patients (58.2%) with a smaller hiatal
defect (mean HSA =3.8 cm?) underwent hiatal closure
with simple sutures, 12 patients (21.8%) with a mean HSA
of 7.1 cm? underwent hiatal closure with simple sutures
reinforced with polypropylene mesh, five patients (mean
HSA =6.7 cm?) underwent hiatal closure with Parietex
mesh®, and six patients (mean HSA=8.4 cm?), underwent
hiatus closure with BARD Crurasoft mesh®. The authors
concluded that tailoring of the hiatal closure by measure-
ment of the HSA is effective to prevent recurrence [30].
Limitations of this study was the narrow patients’ cohort and
follow-up (6.3 months). Therefore, another study published
in 2013 seems to support the validity of the HSA in the long
term (28 months) [31]. Finally, the presence of hypoplasic
crura with deterioration of muscle fibers and the consequent
loss of tissue elasticity may constitutes the “Achilles heel”
of pillars approximation [1, 32, 33].

Due to the lack of a comparison group, the proposed
“patient tailored” concept should not be intended as supe-
rior to other non-standardized approaches, though it demon-
strates its utility as a suitable scoring system to characterize
the hiatal hernia and lead treatment. Results were promising
in term of overall morbidity (4.1%) and hernia recurrence
(2.1%) and all are documented in patients with large type
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IIIb-IV hernia [6, 14, 34]. Interestingly, the postoperative
prevalence of gas bloat symptoms, ability to vomit, ability to
belch and disease specific patients’ quality of life improve-
ment seems equivalent to previous studies [4—6, 35].

We believe that the proposed standardized concept
encompasses and broadens the study by Granderath et al.
and Grubnik et al., strengthening the need for a simple, clear,
and readily available “patient tailored” approach valuable to
guide the intraoperative decision making. Despite the HSA
notion show to be a valid and effective method to guide
appropriate crural repair, its calculation is complex and not
immediately available. Our results should be interpreted with
caution because the retrospective design, the possible patient
selection bias, different follow-up, mesh/fundoplication
type, and surgeons experience. Irrespective of the baseline
motility pattern, in out center we prefer to perform Toupet
fundoplication rather than Nissen fundoplication. This is in
accordance with the recently published studies that showed
comparable results in term of reflux control and disease spe-
cific quality of life with reduced dysphagia, gas bloat, and
inability to belch for Toupet fundoplication [36, 37]. The
lack of comparison with non-standardized techniques may
constitute a study limitation. However, the primary purpose
of the study was to describe a standardized approach for pos-
terior cruroplasty and sustain the importance of “patient tai-
lored” repair valuable for a practical intraoperative surgery
guidance. Comparison with non-standardized approaches
was beyond the aim of the paper, statistically unsuitable and
underpowered because of the limited number of recurrences
and complications.

The application of a standardized “patient tailored” con-
cept for posterior cruroplasty, seems promising and may be
valuable to increase intra- and inter-individual reproduc-
ibility and uniformly interpret outcomes. Further trials are
necessary to validate the effect of this “patient tailored”
approach and explore the comparison with other non-stand-
ardized techniques. Finally, an expert panel consensus would
be beneficial to discuss the state of the art and identify uni-
versally validated criteria to endorse a standardized esopha-
geal crura repair.

Acknowledgements None

Author contributions AA, AS, and GB did the literature search. AA
and DB formed the study design. Data collection done by AA, MC and
GC. AA, AS, and GS analysed the data. AA, GS, GM and DB inter-
preted the data and AA, GC and DB critically reviewed the manuscript.

Compliance with ethical standards

Conflict of interest DB, MC, GS, AS, GB, GM, GC and AA declare
that they have no competing interests.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-

tutional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical stand-
ards. Informed consent was obtained from all individual participants
included in the study.

Informed consent Informed consent was obtained from all patients
prior to all surgical procedures.

References

1. Kabhrilas PJ, Kim HC, Pandolfino JE (2008) Approaches to the
diagnosis and grading of hiatal hernia. Best Pract Res Clin Gas-
troenterol 22(4):601-616

2. Polomsky M, Siddall KA, Salvador R, Dubecz A, Donahue LA,
Raymond D, Jones C, Watson TJ, Peters JH (2009) Association
of kyphosis and spinal skeletal abnormalities with intrathoracic
stomach: a link toward understanding its pathogenesis. ] Am Coll
Surg 208(4):562-569

3. Dallemagne B, Kohnen L, Perretta S, Weerts J, Markiewicz S,
Jehaes C (2011) Laparoscopic repair of paraesophageal hernia.
Long-term follow-up reveals good clinical outcome despite high
radiological recurrence rate. Ann Surg 253(2):291-296

4. Aiolfi A, Asti E, Bernardi D, Bonitta G, Rausa E, Siboni S, Bon-
avina L (2018) Early results of magnetic sphincter augmentation
versus fundoplication for gastroesophageal reflux disease: system-
atic review and meta-analysis. Int J Surg 52:82-88

5. Tossa A, Silecchia G (2019) Mid-term safety profile evaluation of
Bio-A absorbable synthetic mesh as cruroplasty reinforcement.
Surg Endosc. https://doi.org/10.1007/s00464-019-06676-3

6. Asti E, Sironi A, Bonitta G, Lovece A, Milito P, Bonavina L
(2017) Crura augmentation with Bio-A® mesh for laparoscopic
repair of hiatal hernia: single-institution experience with 100 con-
secutive patients. Hernia 21(4):623-628

7. https://www.sages.org/publications/guidelines/guidelines-for-
surgical-treatment-of-gastroesophageal-reflux-disease-gerd/.
Accessed 20 Feb 2020

8. Deeken CR, Matthews BD (2013) Characterization of the
mechanical strength, resorption properties, and histologic char-
acteristics of a fully absorbable material (Poly-4-hydroxybutyrate-
PHASIX Mesh) in a porcine model of hernia repair. ISRN Surg
2013:238067

9. Bona D, Aiolfi A, Asti E, Bonavina L (2020) Laparoscopic Tou-
pet fundoplication for gastroesophageal reflux disease and hia-
tus hernia: proposal for standardization using the “critical view”
concept. Updates Surg. https://doi.org/10.1007/s13304-020-00732
-7 (Epub ahead of print)

10. Dindo D, Demartines N, Clavien PA (2004) Classification of sur-
gical complications: a new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann Surg 240(2):205-213

11. Velanovich V (1998) Comparison of generic (SF-36) vs. disease-
specific (GERD-HRQL) quality-of-life scales for gastroesopha-
geal reflux disease. J Gastrointest Surg 2(2):141-145

12. Kohn GP, Price RR, DeMeester SR, Zehetner J, Muensterer OJ,
Awad Z, Mittal SK, Richardson WS, Stefanidis D, Fanelli RD
(2013) SAGES guidelines committee. Guidelines for the manage-
ment of hiatal hernia. Surg Endosc 27(12):4409-4428

13. Core Team R (2018) R: A Language and Environment for Statisti-
cal Computing. R Foundation for Statistical Computing, Vienna,
Austria

14. Toupet MA (1963) Technique d’oesophago-gastroplastic avec
phreno-gastropexie appliquee dans la cure radicale des hernies
hiatales et comme complement de I’operation de heller dans les
cardiospasmes. Mem Aca Chir 8§9:394

@ Springer


https://doi.org/10.1007/s00464-019-06676-3
https://www.sages.org/publications/guidelines/guidelines-for-surgical-treatment-of-gastroesophageal-reflux-disease-gerd/
https://www.sages.org/publications/guidelines/guidelines-for-surgical-treatment-of-gastroesophageal-reflux-disease-gerd/
https://doi.org/10.1007/s13304-020-00732-7
https://doi.org/10.1007/s13304-020-00732-7

626

Hernia (2022) 26:619-626

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Schwameis K, Nikolic M, Castellano DGM, Steindl A, Macheck
S, Riegler M, Kiristo I, Zorner B, Schoppmann SF (2018) Crural
closure improves outcomes of magnetic sphincter augmentation
in GERD patients with hiatal hernia. Sci Rep 8(1):7319

Siboni S, Asti E, Milito P, Bonitta G, Sironi A, Aiolfi A, Bonavina
L (2018) Impact of laparoscopic repair of large hiatus hernia on
quality of life: observational cohort study. Dig Surg 20:1-7. https
://doi.org/10.1159/000490359 (Epub ahead of print)

Wade A, Dugan A, Plymale MA, Hoskins J, Zachem A, Roth JS
(2016) Hiatal hernia cruroplasty with a running barbed suture
compared to interrupted suture repair. Am Surg 82(9):e271-e274
Powell BS, Wandrey D, Voeller GR (2013) A technique for place-
ment of a bioabsorbable prosthesis with fibrin glue fixation for
reinforcement of the crural closure during hiatal hernia repair.
Hernia 17(1):81-84

Granderath FA, Kamolz T, Schweiger UM, Pointner R (2003)
Laparoscopic refundoplication with prosthetic hiatal closure for
recurrent hiatal hernia after primary failed antireflux surgery. Arch
Surg 138(8):902-907

Oelschlager BK, Pellegrini CA, Hunter J, Soper N, Brunt M,
Sheppard B, Jobe B, Polissar N, Mitsumori L, Nelson J, Swan-
strom L (2006) Biologic prosthesis reduces recurrence after lapa-
roscopic paraesophageal hernia repair: a multicenter prospective
randomized trial. Ann Surg 244(4):481-490

Miiller-Stich BP, Kenngott HG, Gondan M, Stock C, Linke GR,
Fritz F, Nickel F, Diener MK, Gutt CN, Wente M, Biichler MW,
Fischer L (2015) Use of mesh in laparoscopic paraesophageal her-
nia repair: a meta-analysis and risk-benefit analysis. PLoS ONE
10(10):e0139547

Antoniou SA, Koch OO, Antoniou GA, Pointner R, Granderath
FA (2012) Mesh-reinforced hiatal hernia repair: a review on the
effect on postoperative dysphagia and recurrence. Langenbecks
Arch Surg 397(1):19-27

Furnée E, Hazebroek E (2013) Mesh in laparoscopic large hiatal
hernia repair: a systematic review of the literature. Surg Endosc
27(11):3998-4008

Tam V, Winger DG, Nason KS (2016) A systematic review and
meta-analysis of mesh vs suture cruroplasty in laparoscopic large
hiatal hernia repair. Am J Surg 211(1):226-238
Sanchez-Pernaute A, Pérez-Aguirre ME, Jiménez AP, Campos
AR, Mufioz A, Torres A (2019) Intraluminal mesh erosion after
prosthetic hiatoplasty: incidence management and outcomes. Dis
Esophagus. https://doi.org/10.1093/dote/doy 131 (Epub ahead of
print)

Zhang C, Liu D, Li F, Watson DI, Gao X, Koetje JH, Luo T, Yan
C, Du X, Wang Z (2017) Systematic review and meta-analysis of
laparoscopic mesh versus suture repair of hiatus hernia: objective
and subjective outcomes. Surg Endosc 31(12):4913-4922

Lidor AO, Kawaji Q, Stem M, Fleming RM, Schweitzer MA,
Steele KE, Marohn MR (2013) Defining recurrence after

@ Springer

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

paraesophageal hernia repair: correlating symptoms and radio-
graphic findings. Surgery 154(2):171-178

Lal P, Tang A, Sarvepalli S, Raja S, Thota P, Lopez R, Murthy
S, Ray M, Gabbard S (2020) Manometric esophageal length to
height (MELH) ratio predicts hiatal hernia recurrence. J Clin
Gastroenterol. https://doi.org/10.1097/MCG.00000000000013 1
6 (Epub ahead of print)

Endzinas Z, Jonciauskiene J, Mickevicius A, Kiudelis M (2007)
Hiatal hernia recurrence after laparoscopic fundoplication.
Medicina (Kaunas) 43(1):27-31

Granderath FA, Schweiger UM, Pointner R (2007) Laparoscopic
antireflux surgery: tailoring the hiatal closure to the size of hiatal
surface area. Surg Endosc 21(4):542-548 Epub 2006

Grubnik VV, Malynovskyy AV (2013) Laparoscopic repair of
hiatal hernias: new classification supported by long-term results.
Surg Endosc 27(11):4337-4346

Loukas M, Wartmann ChT, Tubbs RS, Apaydin N, Louis RG Jr,
Gupta AA, Jordan R (2008) Morphologic variation of the dia-
phragmatic crura: a correlation with pathologic processes of the
esophageal hiatus? Folia Morphol (Warsz) 67(4):273-279
Turner B, Helm M, Hetzel E, Schumm M, Gould JC (2019) The
relationship between gastroesophageal junction integrity and
symptomatic fundoplication outcomes. Surg Endosc. https://doi.
org/10.1007/s00464-019-06921-9

Huerta CT, Plymale M, Barrett P, Davenport DL, Roth JS (2019)
Long-term efficacy of laparoscopic Nissen versus Toupet fun-
doplication for the management of types III and IV hiatal hernias.
Surg Endosc 33(9):2895-2900

Lidor AO, Steele KE, Stem M, Fleming RM, Schweitzer MA,
Marohn MR (2015) Long-term quality of life and risk factors
for recurrence after laparoscopic repair of paraesophageal hernia.
JAMA Surg 150(5):424-431

Broeders JA, Mauritz FA, Ahmed Ali U, Draaisma WA, Ruurda
JP, Gooszen HG, Smout AJ, Broeders IA, Hazebroek EJ (2010)
Systematic review and meta-analysis of laparoscopic Nissen (pos-
terior total) versus Toupet (posterior partial) fundoplication for
gastro-oesophageal reflux disease. Br J Surg 97:1318-1330
Hakanson BS, Lundell L, Bylund A, Thorell A (2019) Compari-
son of laparoscopic 270° posterior partial fundoplication vs. total
fundoplication for the treatment of gastroesophageal reflux dis-
ease. Rand Clin Tr JAMA Surg 154(6):479-486

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1159/000490359
https://doi.org/10.1159/000490359
https://doi.org/10.1093/dote/doy131
https://doi.org/10.1097/MCG.0000000000001316
https://doi.org/10.1097/MCG.0000000000001316
https://doi.org/10.1007/s00464-019-06921-9
https://doi.org/10.1007/s00464-019-06921-9

	Laparoscopic posterior cruroplasty: a patient tailored approach
	Abstract
	Background 
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	“Patient tailored” concept
	Laparoscopic hiatus hernia classification (Table 1)
	Hiatus diastasis
	Tropism of diaphragmatic pillars
	Recurrence

	Surgical technique
	Cruroplasty with interrupted suture (score < 5)
	Cruroplasty with interrupted suture reinforced with mesh (score > 5)
	Toupet fundoplication
	Follow-up
	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References




