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Abstract

Background Different methods have been described for laparoscopic hiatoplasty and hiatus hernia (HH) repair. All techniques
are not standardized and the choice to reinforce or not the hiatus with a mesh is left to the operating surgeon’s preference.
Hiatal surface area (HSA) has been described as an attempt at standardization; in case the area is > 4 cm?, a mesh is used
to reinforce the repair.

Objective The aim of this study was to describe a new patient-tailored algorithm (PTA), compare its performance in predict-
ing crura mesh buttressing to HSA, and analyze outcomes.

Methods Retrospective, single-center, descriptive study (September 2018—September 2021). Adult patients (> 18 years old)
who underwent laparoscopic HH repair. Outcomes and quality of life measured with the disease-specific gastroesophageal
reflux disease health-related quality of life (GERD-HRQL) and reflux symptom index (RSI) were analyzed.

Results Fifty patients that underwent laparoscopic hiatoplasty and Toupet fundoplication were included. The median age
was 61 years (range 32-83) and the median BMI was 26.7 (range 17-36). According to the PTA, 27 patients (54%) under-
went simple suture repair while crural mesh buttressing with Phasix-ST® was used in 23 (46%). According to the HSA, the
median hiatus area was 4.7 cm? while 26 patients had an HSA greater than 4 cm?. The overall concordance rate between
PTA and HSA was 94% (47/50). The median hospital stay was 1.9 days (range 1-8) and the 90-day complication rate was
4%. The median follow-up was 18.6 months (range 1-35). Hernia recurrence was diagnosed in 6%. Postoperative dysphagia
occurred in one patient (2%). The GERD-HRQL (p < 0.001) and RSI (p = 0.001) were significantly improved.
Conclusions The application of PTA for cruroplasty standardization in the setting of HH repair seems effective. While con-
cordance with HSA is high, the PTA seems easier and promptly available in the operative theater with a potential increase
in procedure standardization, reproducibility, and teaching.

Keywords Laparoscopic hiatus hernia repair - Toupet fundoplication - Crural repair - Mesh - Phasix-ST

Introduction

Hiatal hernia (HH) occurs when contents of the abdomi-
nal cavity protrude through the esophageal hiatus of the
diaphragm. The stomach is generally the principal viscera
which migrates in the posterior mediastinum and thorax. The
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first attempt to treat this condition was described in 1919 by
Soresi et al. [1]. In his work, Soresi affirmed the importance
of anatomic diaphragmatic hiatus repair without tension.
This concept was lately supported by Harrington et al. in
1928 [2, 3] that emphasized closure of the hiatus as essential
for symptoms’ relief. While open crural repair has been the
gold standard treatment since the beginning of the twentieth
century, it has been progressively overcome by laparoscopic
repair first described by Dallemagne et al. in 1991 [4].
Reconstruction of the diaphragmatic crura mandates care-
ful evaluation of this complex anatomical region. Different
surgical techniques have been described ranging from simple
suture, pledge reinforcement, or mesh buttressing. All these
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techniques are not standardized, left to operating surgeon
preference and “feeling” of a weak crura. This introduces
a great heterogeneity because of different surgeon capabili-
ties and expertise. A preliminary attempt at standardization
was proposed by Granderath et al. in 2007 that described
the hiatal surface area (HSA) [5]. Specifically, the area of
the esophageal hiatus, that is compared to the area of an
inverted triangle and semicircle, is calculated with a trigo-
nometric formula. In case the HSA is greater than 4 cm?,
crural mesh buttressing is advocated. This methodology
foresees a laborious mathematical calculation while its uti-
lization in the operative room setting may be laborious and
not promptly available. Therefore, we previously proposed
an easier “patient-tailored” algorithm (PTA) based on four
different measurable parameters during laparoscopic repair
in an attempt to standardize the hiatus repair [6].

Hence, the aim of this study was to describe the PTA
approach, compare its performance in predicting crural mesh
buttressing to the HSA, and analyze postoperative outcomes
in a consecutive series of patients operated for symptomatic
HH.

Materials and methods

In a single-center, retrospective, descriptive study from Sep-
tember 2018 to September 2021, we included all patients
who underwent elective laparoscopic crural repair for symp-
tomatic HH. Indications for surgery were in agreement with
the latest SAGES Guidelines [7, 8]. All procedures were per-
formed by two surgeons (A. A. and D. B.). The institutional
review board (IRB) approved the study (HR#164-2021) and
all patients signed a written informed consent. Inclusion cri-
teria were (a) adult patients (> 18 years old) referred to our
institution and operated for symptomatic HH and (b) elective
laparoscopic cruroplasty with Toupet fundoplication. Exclu-
sion criteria were (a) previous resective gastric operations
and (b) patients unfit for surgery.

Baseline demographics and patient characteristics such
as age, sex, body mass index (BMI) (kg/mz), comorbidities,
type of hiatal hernia, operative data, and short-term surgical
outcomes (90-day morbidity and mortality) were collected.
Preoperative evaluation included esophagogastroduodenos-
copy, swallow study, high-resolution esophageal manometry,
and 24-h pH-impedance monitoring. Perioperative compli-
cations were defined in accordance with the modified Cla-
vien-Demartines-Dindo classification [9].

Postoperative follow-up was standardized and outpatient
visits were scheduled at 1, 6, and 12 months after the opera-
tion, and then yearly. Endoscopic and radiological (upper
gastrointestinal swallow study and computed tomography)
findings were collected. Barium swallow study and/or upper
gastrointestinal endoscopy were performed between 6 and
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12 months after surgery and repeated every year or at any
time the patient complained of symptoms. The overall ali-
mentary satisfaction was reported on a 1-10 visual analog
scale. Patients with a score > 8 were considered the most
satisfied with the procedure. Two validated self-administered
questionnaires were used to assess patients’ symptoms and
quality of life preoperatively and during follow-up. The dis-
ease-specific gastroesophageal reflux disease health-related
quality of life (GERD-HRQL) is a 10-item disease-specific
tool focused on heartburn, dysphagia, and gas bloat [10, 11].
Each symptom has an assigned score between 0 and 5. A
final score is assigned based on the summary of individual
scores, so a complete asymptomatic patient has a score of
0, while the most symptomatic patient has a score of 50. A
score below 10 is considered normal. The reflux symptom
index (RSI) is a nine-item, 45-point survey for respiratory
symptoms assessment. RSI score lower than 13 is normal,
RSI between 13 and 19 is considered abnormal but not path-
ologic, and RSI > 19 is pathologic Improvement is defined
as a decrease in RSI of > 5 points, with normalization being
RSI < 13 and resolution defined as RSI > 13 and < 19 [12].
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 [7, 8].

Outcomes

The primary outcome was to compare PTA performance
with HSA in predicting crural mesh buttressing. Secondary
outcomes were short-term (90-day) surgical complications,
changes in esophageal symptoms, and patient-related quality
of life assessed with GERD-HRQL and RSI.

Patient-tailored algorithm (PTA) and surgical
technique

The PTA is based on four parameters [6]:

1. Laparoscopic HH classification (Table 1). The type of
hernia, based on the percentage of the herniated gastric
body, is stratified into type I-II (1 point), type IIla (2
points), and type IIIb-IV (3 points).

2. Hiatus diastasis. After mediastinal esophageal dissec-
tion, the opening diameter of the hiatus is measured with
a laparoscopic ruler just below the esophagus and classi-
fied as < 2 cm (1 point), > 2 and < 4 cm (2 points), and
> 4 cm (3 points).

3. Tropism. Pillars are categorized on the basis of the trans-
verse length measured with a laparoscopic ruler. Pillars
< 5 mm are defined hypoplasic (3 points) while pillars
> 5 mm are defined as normal (1 point).

4. Presence of HH recurrence (2 points).
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Table 1 The patient tailored algorithm (PTA)

1 point 2 points 3 points
Type of hiatal hernia* LI 1A 1B, IV
Diastasis < 20 mm >20mmand > 40 mm
< 40 mm
Pillars trophism > 5 mm - <5 mm
Hernia recurrence - Yes -

Total result > 5 points: crura augmentation with mesh

*Laparoscopic classification of hiatal hernia: type I (sliding hernia),
type II (paraesophageal hernia), type III-A (type I and II with slid-
ing of < 50% of the stomach), type III-B (type I and II with sliding
of > 50% of the stomach), type IV (sliding of the stomach and other
abdominal viscera)

All patients underwent surgery according to a standard-
ized procedure. Once the trocars are placed in the standard
position for EGJ procedures, HH classification is assigned
(Fig. 1). The gastrohepatic ligament is opened and the ante-
rior aspect of the esophagogastric junction and the angle of
His are exposed. Dissection is done circumferentially around
the esophagus, thus creating a retroesophageal window to
accommodate the fundoplication. The mediastinal dissection
and esophageal downward mobilization for at least 3 cm are
completed (Fig. 2). If present, the hernia sac and the lipoma
are dissected. The wider opening diameter of the crura just
below the esophagus (Fig. 3), the transverse diameter of the
left/right pillar (Fig. 4), and the length of the right pillar are
measured with a laparoscopic ruler (Fig. 5). PTA and HSA
were calculated and compared in all patients. If PTA is <5,
the crural reconstruction is performed with interrupted non-
resorbable simple sutures (Prolene® 2.0-Ethicon). If PTA is
> 5, a biosynthetic absorbable mesh (Phasix ST®-Poly-4-
hydroxybutyrate (P4HB)-Bard) 10 X 7 cm U-shaped mesh

Fig. 1 The type of hiatus hernia
(in this case grade IIIA with <
50% of the total gastric volume)
is defined according to the lapa-
roscopic classification is defined
before dissection

was used for crural buttressing. The mesh is placed over the
hiatoplasty and fixed with two resorbable sutures (Vycril®
2.0-Ethicon). Toupet fundoplication was fashioned accord-
ing to the previously described “critical view” concept [13,
14]. Briefly, after fundic mobilization, in order to stabilize
the wrap and reduce further manipulations of the gastric
fundus, four “cardinal” non-absorbable stitches (Prolene®
2.0-Ethicon) are placed. Most cephalad include on each side
the esophagus, the gastric fundus, and the crus. The other
two sutures are placed 4 cm distally including the esophagus
and the gastric wall. This clue, with respect of these key
anatomical landmarks, allows us to assess the geometry of
the fundoplication and ensures the lack of esophageal twist-
ing (Supplementary Figure 1). A running barbed absorbable
suture (3-0 polybutester/V-Loc, TM ®) is used to further
secure the gastric wall to each side of the esophagus taking
care not to include the anterior vagus nerve.

Statistical analysis

Continuous data are reported as median and interquartile
range (IQR). Categorical data are reported using frequencies
and proportions. Wilcoxon signed rank for paired data was
performed as appropriate. Two-sided p values were com-
puted. Statistical 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 [15].

Results

During the study period, 148 patients were operated for
symptomatic HH through a laparoscopic approach accord-
ing to the described PTA. Overall, 50 patients (33.7%) com-
pleted the intraoperative PTA vs. HSA assessment and were
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Fig.2 The dissection is
completed circumferentially to
obtain at least 3cm of the intra-
abdominal esophagus without
tension below the diaphragm

Fig.3 The opening diameter of
the crura is measured just below
the esophagus with a laparo-
scopic ruler

included in the final population to compare PTA vs. HSA
performance in predicting crural mesh buttressing. Demo-
graphics of the patient population are shown in Table 2. The
median age was 62 years (range 32—-83) and the median BMI
was 26.7 (range 16.9-36.7). Hypertension (52%), smoke
(24%), and kyphosis (14%) were the most reported comor-
bidities. Heartburn (64%), regurgitation (26%), and chest
pain (24%) were the most common typical esophageal symp-
toms while 52% of patients complained atypical symptoms.
The median preoperative GERD-HRQL was 23 (range 0—44)
while the median RST was 13 (range 0-35). Esophagitis was
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diagnosed in 11 patients (22%; Los Angeles A 16%; Los
Angeles B 4%; Los Angeles C 2%) while Barrett’s esopha-
gus was present in 6 patients (12%). Ineffective esophageal
motility was documented in 9 patients (18%). Overall, 86%
of patients were taking chronic PPI therapy.

According to the intraoperative HH classification, type
IITA hernia was present in 46% of patients, type I-II in 32%,
and type IIIB-1V in 22%. Overall, 16 patients (32%) were
measured with hiatus diastasis < 2 cm, 32 patients (64%)
had 2-4 cm of diastasis while 2 patients (4%) had > 4-cm
diastasis. Pillars were hypoplastic (< 5 mm) in 10 cases
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Fig.4 The tropism of the
right (present picture) and left
pillars are measured with a
laparoscopic ruler to define
normal tropism (> Smm) and
hypotropism (< 5 mm)

Fig.5 The length of the right
pillar is measured with a laparo-
scopic ruler

(20%). Six patients (12%) underwent redo surgery for her-
nia and symptoms recurrence. The median operative time to
complete all measurements and PTA was 4 minutes (range
2-5). According to the PTA, 27 patients (54%) underwent
simple suture repair (score < 5) while Phasix-ST® mesh
was used in 23 (46%). The median HSA was 4.7 cm” while
26 patients had a HSA greater than 4 cm”. Therefore, PTA
and HSA gave the same indication in 47/50 patients with
an overall 94% concordance rate (Table 3). Six patients
were operated for symptomatic hernia recurrence; in these
patients, PTA and HSA gave the same indication in 5/6 with
an overall concordance rate of 83.3%.

In the majority of patients (66%), posterior cruro-
plasty was performed with 3 interrupted sutures while an
additional anterior hiatoplasty was required in 4 patients
(8%). The median operative time was 122 min (range
54-210). No intraoperative complications occurred and
there were no conversions to open procedures. The mean

postoperative hospital stay was 1.9 days (range 1-8). The
90-day postoperative complication rate was 4% (n = 2).
The distribution of complications according to the modi-
fied Clavien classification was grade II (pleural effusion;
n = 1) and grade IIIb (hydropneumothorax and pleural
empyema; n = 1). There was no mortality (Clavien V).

The median follow-up was 18.6 months (range 1-35),
with 41 patients (72%) having a minimum follow-up of 6
months. Hernia recurrence was diagnosed in three patients
(6%) requiring redo surgery in one case. Overall, 92% of
patients were off PPI with 8% taking daily or occasional
PPI for residual symptoms. Postoperative occasional dys-
phagia was diagnosed in one patient (2%). Gas bloat syn-
drome was recorded in 18% of the patients (n = 9). At the
last follow-up, the median GERD-HRQL (3, range 0-6; p
< 0.001) and RSI (1.8, range 0-3; p = 0.001) were signifi-
cantly improved compared to baseline.
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Table 2 Baseline demographics of patient’s population. Data are
expressed as median (range) or numbers (%). BMI, body mass index;
ASA, American Society of anesthesiologists classification; CAD, cor-
onary artery disease; COPD, chronic obstructive pulmonary disease

n=>50
Age, years (median, range) 62 (32-83)
Sex, female, n (%) 35 (70)
BMI, kg/m2 (median, range) 26.7 (16.9-36.7)
ASA score > 3, n (%) 7(14)
Comorbidities, n (%)
Hypertension 26 (52)
Smoke 12 (24)
Kyphosis 7(14)
Dysthyroidism 7(14)
CAD 6(12)
COPD 6 (12)
Symptoms, n (%)
Heartburn 32 (64)
Regurgitation 13 (26)
Chest pain 12 (24)
Nausea/vomiting 8 (16)
Cough 20 (40)
Dysphonia 11 (22)
Esophagitis 11 (22)
Barrett’s esophagus 6 (12)
Chronic anemia 3(6)
Esophagitis (grade A-C); n (%) 11 (22)
Barrett’s esophagus; n (%) 6(12)
GERD-HRQL (median, range) 23 (0-44)
RSI (median, range) 13 (0-35)

Table 3 Intraoperative findings according to the PTA and HSA with
comparison. Values are presented as numbers (%)

n=>50

Laparoscopic classification of hiatal hernia, n (%)

Type I, 1T 16 (32)
Type IITA 23 (46)
Type IIB-IV 11(22)
Hiatus diastasis, n (%)
<20 mm 16 (32)
> 20 mm and < 40 mm 32 (64)
> 40 mm 24
Pillars Trophism, n (%)
>5mm 40 (80)
<5 mm 10 (20)
Hernia recurrence, n (%) 6 (12)
PTA score, n (%)
< 5 points (not mesh) 27 (54)
> 5 points (mesh) 23 (46)
HSA, n (%)
< 4 cm? (no mesh) 24 (48)
> 4 cm? (mesh) 26 (52)
Overall concordance rate, n (%) 47/50 (94)
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Discussion

The application of a patient-tailored and standardized
approach for hiatoplasty with PTA seems feasible, safe,
and effective. Compared to HSA, it is easier and promptly
available in operative room settings with a high concord-
ance rate. PTA may be useful to increase procedure repro-
ducibility, facilitate teaching, and standardize surgical
outcomes.

Laparoscopic posterior cruroplasty represent a cardinal
step for HH repair. Complete hernia sac excision, distal
esophageal dissection, crural repair, and fashioning of a
fundoplication are the mainstay of surgical repair. Adequate
esophageal mobilization to obtain at least 3 cm of intra-
abdominal esophagus without tension below the diaphragm
allows to minimize axial tension. Similarly, adequate crural
repair should be performed to minimize radial tension. This
because both respiratory (breathing, sneezing, and cough-
ing) and non-respiratory (vomiting, straining at stools, and
laughing) movements exerts repetitive stress upon the cru-
ral repair, which if closed under tension may lead to repair
disruption. The decision on how to approximate the crura is
challenging because lack of standardization. Up to date, the
decision on how repair the crura and if a mesh buttressing
is needed is left to surgeons’ preference and “feeling” of a
weak crura. This is source of heterogeneity among surgeons
and poses an important problem in training surgeons in the
first phase of the learning curve [16, 17]. The debate regard-
ing the best way to close the crura is still ongoing [18-23]. A
2006 randomized controlled trial compared primary repair
vs. primary repair reinforced with biological mesh in the set-
ting of paraesophageal hernias. The authors found a statisti-
cally significant reduced 6-month recurrence rate for mesh
repair (9% vs. 24%, p = 0.04) with no statistically significant
differences in the long term (5 years). Previous systematic
reviews and meta-analyses including both observational and
randomized trials showed a statistically significant reduced
recurrence rate for laparoscopic mesh-reinforced crura repair
[22, 23]. By contrast, two recently published meta-analyses
of randomized trials did not find any significant differences
in term of hernia recurrence in the short- and medium-term
follow-up comparing simple suture vs. mesh-augmented
repair [24, 25]. However, some limitations and heterogene-
ity for primary outcomes limit the validity and robustness
of such analyses. First, recurrence was not uniquely defined
in all RCTs. Second, there is a relevant heterogeneity in the
inclusion criteria between studies. Third, different surgeon
experience, mesh type, location, shape, and crural fixation
methods contributed to the heterogeneity. Finally, the mean
follow-up is limited (up to 42 months). Therefore, because
of the significant heterogeneity, a definitive evidence-based
indication is far away to be drawn.
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In an attempt to reduce heterogeneity related to techni-
cal variability and different surgeons’ expertise/preference,
previous studies tried to propose a standardized methodol-
ogy for crural repair. Fourtanier et al. described a disposable
device (HiaTech®; Laboratoire Surgical IOC Saint Etienne,
France) for hiatal orifice calibration and closure [26]. Gran-
derath et al. proposed the use of the HSA to define the size
of the hiatal defect [5, 17]. The rationale stands in the fact
that as bigger is the hiatus area, greater is the difficulty of
pillars approximation because tension with an increased risk
for recurrence. Therefore, for large hernia (> 4 cmz), crural
mesh buttressing was adopted to reinforce the hiatus and
reduced radial tension. After intraoperative measurement of
hiatus pillars length and diastasis with an endoscopic ruler,
the HSA is calculated with a complex trigonometric formula.
The angle of the crural commissure is calculated using an
inverse trigonometric function.

S
R 2 arcsen T

HSA =S 2®p
SA=73 180 d

This attempt at standardization has been reported to be
safe and effective up to 28 months of follow-up [27, 28].
Notably, despite the HSA introducing an attempt at crural
repair standardization based on laparoscopic measurement,
it is a challenging trigonometric formula that is difficult to
use in the operative room settings. Moreover, the HSA does
not foresee the possibility of hernia recurrence in the cal-
culation despite it having been indicated as an independent
risk for relapse.

In an attempt to overcome the challenging use of HSA,
the PTA has been previously introduced in our surgical prac-
tice [6]. Four parameters are considered based on previous
studies reporting conceivable risk factors for recurrence
(Table 1). First, large hernias and recurrence have been
shown to be associated with an increased risk for relapse
[29, 30]. Therefore, type IITIA and type IIIB-IV were given
higher scores. Second, as reported by Granderath et al., the
increasing diastasis of esophageal pillars poses the repair at
higher radial tension with an increased risk for disruption [5,
17]. That’s the reason why diastasis between 2 and 4 cm was
given 2 points while diastasis greater than 4 cm was given 3
points. Finally, pillar hypotropism has been shown to be an
important component being associated with microscopic and
ultrastructural modification of crural muscular fibers [31,
32]. Therefore, in the presence of pillar hypotropism, the
patient was given 3 points while normal pillars gave 1 point.
Toupet fundoplication was fashioned in all patients. In our
center, we decided to perform Toupet fundoplication over
Nissen fundoplication, regardless of esophageal motility
pattern, in accordance with recently published studies that
showed comparable results in terms of reflux control, quality
of life, and a lower rate of dysphagia and gas bloat syndrome

[33, 34]. The valve is fashioned following the “critical-view”
concept by using four cardinal stitches to anchor the valve to
the crura and esophagus. This visual cue allows us to respect
the valve geometry thus avoiding esophageal twisting.

The laparoscopic HH repair according to the standardized
PTA seems feasible and safe. Its utilization in the opera-
tive room setting is rapid and easily available as it does not
require challenging trigonometric calculations. Notably, the
operative time to complete the laparoscopic measurements
and algorithm was 4 min. Therefore, the utilization of PTA
in the operative room setting requires an additional reason-
able operative time and does not affect the overall procedure
time. Interestingly, the concordance rate between PTA and
HSA is high with a tendency of being less prone to crural
mesh buttressing. The postoperative overall morbidity and
recurrence rates are 4% and 6%, respectively. These per-
centages are similar to previous studies reporting data for
laparoscopic HH repair [35-38]. Furthermore, functional
outcomes, postoperative dysphagia, patient satisfaction, and
quality of life improvement seem comparable to previous
reports [18, 39, 40]. Therefore, the PTA may represent a
promising tool for technique standardization, reproducibil-
ity, and teaching to a young surgeon in the first phase of the
learning curve with a low morbidity rate and satisfactory
medium-term recurrence rate.

Limitations of the present study are related to the study
design while possible preoperative selection bias could not
be excluded. Furthermore, the limited patient cohort, fol-
low-up, mesh/fundoplication type, and lack of comparison
with non-standardized technique are supplementary limita-
tions. Finally, as the study was conducted at a tertiary level,
a referral center for surgical GERD treatment, results may
not be generalizable. Therefore, data should be interpreted
cautiously while future investigations are warranted.

Conclusions

The application of a “patient-tailored” and standardized
approach for cruroplasty in the setting of laparoscopic HH
repair seems effective. While concordance with HSA is high,
the PTA seems easier to use and promptly available in the
operative room settings with a potential increase in proce-
dure standardization, reproducibility, and teaching.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00423-022-02556-y.
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