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Abstract

Introduction The recurrence rate of hiatal hernia (HH) after laparoscopic surgery with crural repair and Nissen or Toupet
fundoplication is high (<25-42%). HH repair can be reinforced with additional anterior sutures, vertical mesh strips (VMS)
or mesh placement but the effect in the long-term (> 1 year) is still unclear. We determined the recurrence rate of HH after
surgery and established whether the use of reinforcement techniques could reduce long-term recurrence rates.

Methods In this retrospective cohort study patients were included if they underwent a laparoscopic fundoplication in this
hospital between 2012 and 2019. HH was measured with computed tomography and baseline patient characteristics and
surgical details were collected. Primary outcomes were recurrence of symptoms and re-intervention, secondary outcome
was effect of surgical reinforcement techniques. Statistical analyses comprised chi-square tests, Mann—Whitney U tests and
uni- and multivariable logistic regression analyses.

Results In total, 307 patients were included, 206 women and 101 men. During primary surgery, 208 patients underwent a
Toupet fundoplication and 97 patients underwent a Nissen fundoplication. Reinforcements consisted of anterior sutures in 132
patients, VMS in 89 patients and mesh in 17 patients. After primary surgery, recurrence of HH was diagnostically confirmed
in 64 patients (20.8%). Use of VMS during primary surgery was significantly associated with fewer recurrences (OR=0.34,
p=0.048), corrected for confounding factors. Secondary surgery was performed in 54 patients (17.6%) and tertiary surgery
in five patients (1.6%). Mesh and VMS were used more during secondary and tertiary surgery.

Conclusion The recurrence rate among HH patients in this cohort study was 20.8% with a mean follow-up time of 6 years.
Secondary surgery was performed in 17.6% of the patients. In future, the use of VMS might lead to fewer recurrences after
primary laparoscopic repair of HH.
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Graphical abstract

Hiatal hernia recurrences after laparoscopic surgery:
exploring contributing surgical factors

Recurrence rate of hiatal
hernia (HH) is high after
primary surgery (25-42%).
Cruroplasty reinforcement

techniques might be
effective, such as mesh
placement, vertical mesh
strips (VMS), and anterior
cruroplasty.

Recurrence of HH was 20.8%
with 6-year follow-up time.
The fewest recurrences were
seen with the use of posterior
and anterior cruroplasty
combined with VMS. Use of
VMS during primary surgery
was significantly associated
with fewer recurrences
(OR=0.34, p=0.048).

Recurrence of HH was
20.8% in this cohort study
and placement of VMS on

both crurae during
cruroplasty might be a safe
technique to reduce
recurrences.

Keywords Fundoplication - Cruroplasty - Hiatal hernia -
Mesh - Mesh strips - Recurrence

The recurrence rate of hiatal hernia (HH) after laparoscopic
surgery with crural repair and Nissen, Toupet or Dor fun-
doplication for primary repair is demonstrated to be between
25 and 42% [1]. The causes of recurrences are reported to
be multi-factorial and are associated with the type of cruro-
plasty performed, preexisting medical conditions and the
size of the HH [2-5].

For many years, HH repair was conducted with primary
sutured crural repair. Previous research has shown that
recurrence rates after primary surgery can be reduced by
means of various cruroplasty reinforcement techniques.
Different techniques that have been developed over the
years are mesh placement, pledget placement, gastropexy,
relaxing incision and anterior cruroplasty [2, 3, 6]. The
most well-known reinforcing technique is on-lay mesh
placement. A recent meta-analysis has shown that mesh
repair leads to lower recurrence rates in the short-term,
compared to suture repair [2, 7]. The use of small mesh
strips are suggested as an alternative for mesh due to a
smaller surface causing less friction between prosthet-
ics and viscera [8, 9]. No complications are reported yet
after mesh strip use and recurrence rates are considered
lower with mesh strip repair (1 X3 cm) compared to suture
cruroplasty [10]. Besides posterior cruroplasty, a method
of reinforcing cruroplasty that is not routinely performed
is the placement of additional anterior sutures. In the
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first place, anterior cruroplasty may avoid an unnatural
angulation of the esophagus. Second, anterior cruro-
plasty might offer therapeutic benefit because the major-
ity of recurrences are located anteriorly [3, 4]. Early HH
recurrences are related to breakdown of posterior crural
repair, whereas later recurrences are caused by progres-
sive enlargement of the hiatus due to pressure gradients
overwhelming the tensile strength of the hiatus [3].

Although some reinforcement techniques have been advo-
cated in literature, some controversies still exist regarding
effectiveness on recurrence rates. First, even though mesh
usage is endorsed in some studies, recent randomized clini-
cal trials have shown that mesh reinforcement results in
equal HH recurrence [1, 7, 11]. Besides, mesh use is associ-
ated with complications such as erosion and migration of
the mesh. Additionally, it can lead to infection, oesophageal
stenosis or dysphagia [12]. Since the use of prosthetic mate-
rials was advocated for hiatal reinforcement, mesh strips
might be a safer alternative causing less complications.
However, there are only few studies that have documented
lower recurrence rates in the short term, and longer-term
results (> 1 year) have yet to be established [1]. Additionally,
despite knowledge that most recurrences occur anteriorly, no
studies have examined yet the impact of anterior sutures on
recurrence rates [3, 4].

The preliminary aim of this study was to determine the
recurrence rate of HH after laparoscopic fundoplication
in a high-volume teaching hospital. A second goal was to
establish whether the use of mesh, mesh strips, and anterior
sutures could reduce long-term recurrence rates.
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Methods
Subjects

In this retrospective database study, patient records were
analyzed of patients > 18 years of age who were diagnosed
with HH and were treated with laparoscopic surgery between
2012 and 2019 in Zuyderland Medical Center, locations Sit-
tard and Heerlen. This research took place from November
2021 until June 2022. Patients were not included if they
underwent surgery after December 2019 because we aimed
to have follow-up data of at least 24 months. Patients were
excluded if the follow-up time was shorter than 24 months
due to death. Patients were also excluded if they had a his-
tory of esophagus resection, bariatric surgery and (partial)
gastrectomy since these medical histories increase the risk
for recurrence. Ethical approval was obtained from the medi-
cal ethics review committee Zuyd (METCZ20210112).

Surgical technique

All HH surgeries were carried out laparoscopically under
general anesthesia. First, the intrathoracic content was care-
fully pulled back intraabdominally and stomach and intes-
tines were repositioned. Both left and right crura were local-
ized and released over the entire length. The right and left
vagus nerves were identified and saved. Next, full excision
of the hiatal hernia sac took place. The crural defect was rou-
tinely closed posteriorly with at least two posterior Goretex
2-0 sutures in cross shape. Posterior cruroplasty was sup-
plemented by additional anterior sutures if needed to achieve
an adequate closure. During surgery, the need for additional
anterior sutures was determined by the surgeon based on
their expertise. It is agreed in this hospital that patients with
large HHs need additional anterior sutures to prevent an
unnatural angle of the esophagus. This was defined as HH
of at least 5-6 cm. The number of anterior and posterior
sutures that are placed are also at the surgeon’s discretion
during surgery. To reinforce the HH cruroplasty further, the
surgeon uses mesh or mesh strips. Mesh strips are small
1 X3 cm strips that are cut out of mesh and placed bilateral
vertically over each crural pillar. The aim of using these ver-
tical mesh strips (VMS) is to strengthen weak crurae while
suturing them for cruroplasty. Mesh strips were used in large
hiatal hernias and/or when poor quality of the crurae was
seen intraoperatively and this was at the surgeon’s discretion.
A large HH was again defined as a HH that was estimated
to be 5—6 cm or more. In this study, most of the time light
weight mesh (Ultrapro; Ethicon Inc., Somerville, NJ, USA)
was used for mesh strips. Occasionally, other mesh brands
were used for mesh strips such as Parietex Composite (Covi-
dien, New Haven, CT, USA). While used more regularly in

previous years, total mesh placement on the cruroplasty has
become less common in recent years. Use of mesh was aban-
doned due to complications such as mentioned in the intro-
duction and due to controversial statements regarding mesh
use in literature. In the further writing of this article, anterior
sutures, VMS and mesh are referred to as ‘reinforcement
technique’. All reinforcement techniques are additionally
used besides conventionally placed posterior sutures. For a
couple of years now, most fundoplications are performed as
Toupet rather than Nissen in this hospital because the latter
was proven to cause more postoperative complications such
as dysphagia [13—16]. In Toupet fundoplication, the 270°
wrap of the stomach is anchored to the esophagus with two
to three stitches on both sides. The wrap is not sutured to
both esophagus and crurae such as was initially described
by Toupet in 1963 and later on also other authors [17-19].
In patients with a short esophagus a Collis gastroplasty is
considered [20].

Data collection

Patient data were retrospectively collected in two ways: a
data file of the business intelligence department was used
which was supplemented and cross checked with the elec-
tronic patient file system of the hospital. The following
patient data were extracted: age, gender, weight, length,
Charlson Comorbidity Index (CCI), American Society of
Anesthesiologists (ASA) classification, preoperative symp-
toms and preoperatively applied diagnostics. 14 independent
surgical variables were defined a priori and investigated. The
variables were: surgeon, perioperative complications, blood
loss, surgery time, conversion, number of posterior sutures,
anterior sutures use, number of anterior sutures, mesh use,
mesh type, mesh shape, type of fundoplication, VMS use
and surgical technique (meaning type of fundoplication
and type of reinforcement). Postoperative variables were
post-surgery complications following the Clavien—Dindo
classification, length of stay, re-admission, postoperative
diagnostics, recurrence of symptoms, time until recurrent
symptoms, type of recurrence symptoms, actual recurrence
(supported with diagnostics), mortality after surgery, date
of death, secondary surgery, time until secondary surgery,
tertiary surgery and time until tertiary surgery. The same
surgical and postoperative variables were collected for sec-
ondary and tertiary surgery. There is no uniform and clear
classification for recurrence of HH. In this study, HH recur-
rence was defined as any hiatal hernia that occurred after pri-
mary HH surgery, which was diagnostically confirmed with
a computed tomography (CT) and/or barium swallow (BS).
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Fig. 1 Transverse diameter measurement on a CT-scan, coronal plane

Fig.2 Anterior—posterior diameter measurement on a CT-scan, sagit-
tal plane
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CT measurements

CTs were examined for each patient if available and not
older than 2 years. The type of HH was initially defined with
CTs and additionally with BS. If a CT was not conducted,
HH type was only determined by means of BS.

Measurement of the HH took place as described by
Karatay et al. [21]. First, measurement of the transverse
diameter of the HH in millimeters took place when a coro-
nal reconstruction of the CT was available (Fig. 1) or could
be reconstructed out of the available thin slices data set.
Second, this was also the case for the sagittal plane meas-
urements (Fig. 2). Due to the unavailability of thin slices
CT data set in a substantial number of cases, multiplanar
reconstruction (MPR) in an angulated coronal and sagittal
plane according to the method of Karatay et al. could not be
drawn and therefore no hiatal surface area (HSA) could be
measured [21].

All measurements were made and saved by the primary
researcher in the patient radiology system. The primary
researcher was trained by a radiologist to be able to make
HH measurements on CTs. The radiologist co-rated approxi-
mately 50% of the measured CTs.

Statistical analysis

Data were analyzed with IBM SPSS Statistics 28.0. Baseline
patient- and surgery characteristics and recurrence data were
analyzed using descriptive statistics. Descriptive statistics
were also divided by outcome, in other words, performed
for the recurrence group (RG) and non-recurrence group
(NRG) separately. Skewness data and the Shapiro—Wilk test
were used to examine the normality of all continuous patient
and surgery data. Furthermore, a Kaplan—-Meier analysis was
performed to visualize the recurrence of HH over time dur-
ing follow up. Chi-square tests were performed to statisti-
cally test the significance of the relationship between cat-
egorical patient- and surgery characteristics and the bivariate
outcome ‘actual recurrence’. Mann—Whitney U tests were
used to test that relationship for continuous (non-parametric)
patient- and surgery characteristics and actual recurrence.
Univariable logistic regression analyses were used to test
the association between surgery technique and actual recur-
rence as outcome. A p-value of <0.05 was considered signif-
icant. Age, gender, BMI, ASA, CCS, hernia size (transverse
and anterior—posterior), type of HH, type of fundoplication
and follow-up time were analyzed for confounding by means
of multivariable logistic regression analyses for each vari-
able, together with anterior sutures, VMS, mesh use and pos-
terior sutures. ASA and CCS classifications were made cate-
gorical to create larger groups and examine for confounding.
Posterior sutures were made categorical to create larger
groups and be able to include the variable in the logistic
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Table 1 Patient characteristics

Characteristic Overall (n=307) Recurrence (n=64) No recurrence (n=243) Missing N p-value
Sex

Female (n, %) 206 (67.1%) 44 (68.8%) 162 (66.7%) 0 0.75%
Male (n, %) 101 (32.9%) 20 (31.2%) 81 (33.3%)

Age (median, IQR) 63 (54-71) 63.5 (54.3-71) 63 (54-72) 0 0.90°
BMI (median, IQR) 27.5 (24.5-30.9) 28 (24.2-31.6) 27.4 (24.6-30.8) 71 0.77°
Charlson comorbidity score (median, IQR) 2 (1-3) 2 (1-3) 2 (1-3) 0 0.53%
ASA classification (median, IQR) 2 (1-3) 2 (1-2) 2 (1-2) 82 0.26*
Symptom distribution

Reflux 159 38 121 9 0.22%
Pain 138 29 109 0.96*
Passage problems 75 21 54 0.09*
Vomiting 67 13 54 0.69%
Nausea 52 12 40 0.71%
Dyspnea 36 8 28 0.87%
Regurgitation 33 7 26 0.99%
Dysphagia 31 10 21 0.11%
Cough 20 2 18 0.21%
Bloating 18 5 13 0.48*
Gastrointestinal bleeding 17 4 13 0.80%
Eructation 15 5 10 0.23%
Asymptomatic 8 0 8 0.14%
Type of HH (barium esophagogram/CT)

Type I (n, %) 36 (11.7%) 11 (17.2%) 25 (10.3%) 96°¢ 0.09%
Type II (n, %) 5(1.6%) 0 52%)

Type I (n, %) 102 (33.2%) 28 (43.8%) 74 (30.5%)

Type IV (n, %) 68 (22.1%) 10 (15.6%) 58 (23.9%)

Transverse HH diameter

Cm (median, IQR) 3.2 (2.7-4.0) 3.0 (2.5-3.6) 3.4 (2.7-4.1) 139¢ 0.12°
Slice thickness (median, IQR) 3(3-3) 3(3-3) 3(3-3)

Anterior—posterior HH diameter

Cm (median, IQR) 3.6(3.1-4.3) 373242 3.6(3.14.3) 215° 0.80°
Slice thickness (median, IQR) 3(2-3) 3(2-3) 3(2-3)

Follow-up time in months (min, max) 75 (12-120) 83.5 (27-115) 75 (25-120) 0 0.51°

HH hiatus hernia
IQR interquartile range
4Chi-square tests
"Mann-Whitney U tests

“Missing numbers due to missing CTs or BEs

9High missing numbers due to missing CTs

°High missing numbers due to missing sagittal CT planes

regression analyses. Categorical and dichotomous variables
were analyzed as dummy variables in the logistic regression
analysis. Confounding was defined as > 10% change in ORs
of anterior sutures, VMS, mesh use and posterior sutures

when the variable was added to the multivariable logistic

regression analysis. Identified confounders were corrected
for in the final multivariable logistic regression analysis with
all reinforcement techniques. A post-hoc power analysis was
performed using GPower 3.1.
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Fig.3 Recurrence data of
patients who underwent primary
surgery

Patients with HH surgery between
2012-2019 (n=307)

v

Patients with new or remaining
symptoms during follow-up
(n=81, 26.4%)

Reported symptoms:

= Pain 45
= Passage problems 41
= Reflux 34
= Nausea 17
= Vomiting 15
= Bloating 11
= Dysphagia 7
= Dyspnea 5
= Cough 4

v

Diagnostically confirmed
HH recurrence
(n=64, 20.8%)

A4

No diagnostically confirmed
HH recurrence
(n=17, 5.6%)

Secondary surgery
(n=54, 17.6%)

No surgery due to frailty of the
patient, patients’ preference or
too few symptoms (n=10, 3.2%)

Tertiary surgery
(n=5, 1.6%)

Secondary surgery during
admission (n=2, 0.7%)

Results

Laparoscopic fundoplications were performed in 307
patients between 2012 and 2019, see Table 1. The median
follow-up time was 75 months, thus approximately six
years. The median age was 63 (51-71). Two thirds of the
study population were female (206/101). The median BMI
of 27.5 suggests mild obesity in the population. The most
frequent symptoms that occurred were reflux (n=159)
and pain (n=138). Pain was mostly mentioned as retros-
ternal pain and sometimes as upper abdominal pain. The
most common HH types that were diagnosed were type III
and type IV. For 96 patients, the type of HH was missing
because they did not receive a CT or BE. Most recurrences
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occurred among type III HH patients (9.1%). The median
transverse HH diameter was 3.2 cm and these were mostly
measured on 3.0 slice thickness. Unfortunately, recon-
structions of CTs in the sagittal plane were mostly missing
and therefore few data of anterior—posterior HH diameters
were included (missing n=215). Normality tests showed
that all variables were not normally distributed. Therefore,
medians and interquartile ranges were used for all vari-
ables. No significant differences in patient variables were
found between RG and NRG (p > 0.05).

Figure 3 shows that 81 of 307 patients (26.4%) suf-
fered from symptoms after primary surgery. The most
frequently experienced symptoms were pain, dysphagia
and odynophagia. These findings led to further investiga-
tions to rule out recurrence. A recurrent HH was proven
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Table 2 Primary OR details, Toupet fundoplication
Overall (n=208) Recurrence (n=36) No recurrence (n=172) Missing n p-value
Perioperative complications (n, %) 1 0 1 0 0.65*
Blood loss in cc (median, IQR) 10 (0-30) 10 (0-23.8) 10 (0-30) 17 0.67°
OR time in min (median, IQR) 104(85-126) 108 (82-120) 104 (85-127.5) 27 0.79°
Hiatal repair
Posterior (1, %) 100 (48.1%) 21 (58.3%) 79 (45.9%) 0 -
Posterior + anterior (1, %) 108 (51.9%) 15 (41.7%) 93 (54.1%) 0 0.176*
Number of hiatal sutures
Posterior (median, IQR) 2 (2-3) 2 (2-3) 2 (2-3) 3 0.27°
Anterior (median, IQR) 1 (0-1) 0(0-1) 1(0-1) 0 0.11°
Use of pledgets VMS (n, %) 77 (37%) 12 (33.3%) 65 (37.8%) 0 0.61*
Mesh use (1, %) 10 (4.8%) 1(2.8%) 9 (5.2%) 0 0.53%
Mesh brand
Parietex (n, %) 1(0.5%) 0 1 (0.6%) 0 0.76*
Permacol (n, %) 1(0.5%) 0 1 (0.6%) 0
Crurasoft (Bard) (n, %) 1(0.5%) 0 1 (0.6%) 0
Fasix (n, %) 1(0.5%) 0 1 (0.6%) 0
Ultrapro (n, %) 3 (1.4%) 0 3(1.7%) 0
Anterioright (n, %) 3 (1.4%) 1(2.8%) 2 (1.2%) 0
Mesh shape
Heart shape (n, %) 5(2.4%) 0 52.9%) 0 0.22*
Oval (n, %) 2 (1%) 1 (2.8%) 1 (0.6%) 0
V shape (n, %) 1(0.5%) 0 1 (0.6%) 0
Unknown (n, %) 2 (1%) 0 2(1.2%) 0
Length of stay (median, IQR) 2 (1-3) 3(1-4) 2 (1-3) 0 0.08°

4Chi-square tests
"Mann-Whitney U tests
VMS vertical mesh strips
IQR interquartile range
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Table 3 Primary OR details, Nissen fundoplication

Overall (n=97) Recurrence (n=28) No recurrence (n=69) Missing n p-value
Perioperative complications 0 0 0 0 -
Blood loss in cc (median, IQR) 10 (5-40) 5 (5-40) 10 (3.5-40) 7 0.53"
OR time in min (median, IQR) 90 (66-120) 94 (65-120) 90 (66.5-120) 16 0.92°
Hiatal repair
Posterior (n, %) 75 (77.3%) 19 (67.9%) 56 (81.2%) 0 -
Posterior + anterior (n, %) 22 (22.7%) 9 (32.1%) 13 (18.8%) 0 0.156*
Number of hiatal sutures
Posterior (median, IQR) 2 (2-3) 1(1-1) 1(1-1) 15 0.51°
Anterior (median, IQR) 0 (0-0) 0(0-1) 0 (0-0) 0 0.14°
Pledgets useUse of VMS 11 (11.3%) 3 (10.7%) 8 (11.6%) 0 0.90*
Mesh use (1, %) 7(7.2%) 2 (7.1%) 5(7.2%) 0 0.99*
Mesh brand
Parietex (n, %) 4 (4.1%) 1(3.6%) 3(4.3%) 0 0.81*
Permacol (n, %) 3(3.1%) 1(3.6%) 2 (2.9%) 0
Mesh shape
Heart shape (n, %) 4 (4.1%) 2 (7.1%) 2 (2.9%) 0 0.15%
Unknown (n, %) 3(3.1%) 0 3(4.3%) 0
Length of stay (median, IQR) 2 (1-3) 2 (1-3) 2 (1-3) 0 0.26"

2Chi-square tests
"Mann-Whitney U tests
VMS vertical mesh strips
IQR interquartile range

with CTs and BS for 64 patients out of 81 patients that
presented with these symptoms, which is 20.8% from the
total number of patients that underwent primary surgery
(n=307). Thus, 17 patients experienced symptoms that
could be stated as side effects of surgery. Secondary sur-
gery was required in 54 patients (17.6%), and two surger-
ies already took place during admission. The other ten
patients did not undergo surgery due to few symptoms or
because the patients were too frail to undergo reoperation.
Of the 54 patients that underwent secondary surgery, five
patients had a second recurrence and underwent tertiary
surgery, which is 1.6% of the total number of patients.
Figure 4 shows a Kaplan—Meier plot of the recurrences
that took place over time, given in months. In total 64
recurrences took place in 69 months. The mean follow-up
time in this study was 73 months (Table 1). It is visible in
Fig. 4 that most recurrences took place in approximately
24 months. Some patients immediately suffered from
recurrence and had secondary surgery during admission.
The mean time until recurrence was 11.3 months.
Surgery details of the RG versus the NRG are compared
in Tables 2 and 3, separately for Toupet fundoplication and
Nissen fundoplication. All surgeries were performed lapa-
roscopically and no patient was converted to an open pro-
cedure. Within the Toupet fundoplication group, the NRG
received more anterior sutures (54.1% vs. 41.7%), more
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VMS placements (37.8% vs 33.3%) and more mesh place-
ments (5.2% vs. 2.8%) compared to the RG (Table 2). The
median length of stay was 2 days overall and shorter for the
NRG compared to the RG. However, all these differences
were not shown to be statistically significant (p > 0.05).

Table 3 shows that no complications occurred during Nis-
sen fundoplication. Only 22.7% of the total Nissen popu-
lation received anterior cruroplasty, which is substantially
less than the Toupet group. The NRG comprised more VMS
placements (11.6% vs 10.7%) and an equal number of mesh
placements (7.2%) compared to the RG. The table also
shows that VMS were used more in combination with Tou-
pet fundoplication (37%) compared to Nissen fundoplication
(11.3%). The median length of stay was two and equal for
both groups. Additionally, two patients had a Dor fundopli-
cation, these were not shown in both tables.

Figure 5 shows the surgical reinforcement techniques
that were used besides posterior cruroplasty during primary
surgery in the RG and NRG. The combination of anterior
sutures and VMS use led to the lowest recurrence rate (14%)
compared to other techniques. However, statistical analy-
sis showed no significant differences in surgery technique
regarding recurrence rate (p =0.688).

Table 4 provides an overview of the relation between the
reinforcement techniques during primary surgery and recur-
rence. BMI, hernia size (transverse diameter) and type of
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Anterior sutures (n=71)

h B Recurrence
= No
recurrence
Vertical mesh strips Mesh (n=15)

(VMS) (n=29)

-5

No reinforcement (only
posterior sutures) (n=131)

&

Anterior sutures + VMS
(n=59)

Fig.5 Reinforcement techniques, all used in addition to posterior
cruroplasty

HH were identified as confounders in separate multivariable
analyses, which are not shown here. Important to note from
the data presented in Table 4 is that the use of VMS dur-
ing surgery is significantly associated with less recurrences
when corrected for confounders (OR =0.34, p =0.048).

Other reinforcement techniques did not lead to significantly
less recurrences.

Secondary surgery was performed in 54 patients (17.6%)
and tertiary surgery in five patients (1.6%) (Table 5). The most
recurrent HH fundoplications were redo Toupet fundoplica-
tions (35.2%) or conversions from Nissen to Toupet fundopli-
cations (27.8%) but in several cases revision of the fundoplica-
tion was not conducted (22.2%). Additional posterior sutures
or anterior sutures were made when the existing fundoplication
was still sufficient. New or additional anterior sutures were
used in 30 patients (56.6%), mesh was used in eight patients
(14.8%), VMS were used in 24 patients (44.4%).

During tertiary surgery, one patient received a Dor fun-
doplication. Four patients received anterior sutures and VMS.
No patients received additional mesh. It can be seen that mesh
is used more often during secondary surgery (14.8%) com-
pared to total mesh use during primary surgery (5.5%). Also,
VMS are used more often in secondary surgery compared to
primary surgery (44.4% vs 24%). Additionally, post-hoc power
analyses were done and no sufficient power was found in this
study.

Discussion
Summary of evidence

The aim of this 8-year retrospective cohort study was to
determine the recurrence rate of HH after laparoscopic
fundoplication in this teaching hospital and to establish
whether lower recurrence can be achieved with anterior
cruroplasty, VMS or mesh hiatoplasty. We present, to the
best of our knowledge, the first long-term retrospective
cohort study establishing the recurrence rates of patients
who underwent laparoscopic fundoplication with one or
more of these reinforcement techniques.

Table 4 The influence of
reinforcement techniques on
recurrence, bivariate outcome,
logistic regression

Reinforcement Univariable analysis® Multivariable analysis
(adjusted)®
OR (95% CI) p-value OR (95% CI) p-value
Anterior sutures use 0.75 (0.43-1.32) 0.319 0.76 (0.32-1.8) 0.535
PledgetsVertical mesh strips 0.70 (0.37-1.32) 0.273 0.34 (0.12-0.99) 0.048*
Mesh 0.80 (0.22-2.89) 0.739 0.79 (0.07-8.9) 0.851
Number of posterior sutures 0.72 (0.41-1.26) 0.242 0.50 (0.20-1.24) 0.134

OR odds ratio

CI confidence interval

#Analysis of the individual relationship between each reinforcement technique and recurrence

®Analysis of the relationship between each reinforcement technique and recurrence, corrected for other
reinforcement techniques and for confounders. Confounders were BMI, hernia size (transverse diameter)

and type of HH
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Table 5 Secondary and tertiary OR details

Secondary OR Tertiary
details (n=54) OR details
(n=5)

Perioperative complications 0 0
Blood loss in cc (median, IQR) 20 (6.3-50) 0 (0-35)
OR time in min (median, IQR) 111.5(90-155.5) 87 (69-188)
Fundoplication
None (n, %) 12 (22.2%) 4 (80%)
Redo Toupet (1, %) 19 (35.2%) 0
Redo Nissen (n, %) 3(5.6%) 0
Conversion to Toupet (n, %) 15 (27.8%) 0
Conversion to Nissen (n, %) 2 (3.7%) 0
Conversion to Dor (n, %) 2 (3.7%) 1(20%)
Use of posterior sutures (1, %) 46 (86.8%) 2 (40%)
Posterior sutures (median, IQR) 1 (1-1) 1(1-1)
Use of anterior sutures (n, %) 30 (56.6%) 4 (80%)
Anterior sutures (median, IQR) 1(0-1) 1(1-1)
Mesh use (1, %) 8 (14.8%) 0
Mesh brand
Parietex (n, %) 4 (7.4%) 0
Permacol (n, %) 1(1.9%) 0
Ultrapro (n, %) 2 (3.7%) 0
Unknown (n, %) 1(1.9%) 0
Mesh shape
Semi-circular (n, %) 1(1.9%) 0
Cut to size (n, %) 4 (7.4%) 0
Unknown (n, %) 3(5.6%) 0
Pledgets useUse of VMS (n, %) 24 (44.4%) 4 (80%)

OR surgery
IQR interquartile range
VMS vertical mesh strips

This study showed an HH recurrence rate of 20.8%. Sec-
ondary surgery was done in 17.6% of the patients. Recur-
rence rates differed amongst subgroups of reinforcement
techniques, though not significantly, which is probably
caused by insufficient group sizes. The lowest recurrence
rate was shown in the group with posterior and anterior
cruroplasty in combination with VMS (14%). No significant
differences were found between the RG and NRG regard-
ing baseline characteristics or surgical characteristics. An
important finding was that the use of VMS during primary
HH repair seemed to reduce recurrence rates (OR=0.34,
CI10.12-0.99, p=0.048). In other words, the odds for recur-
rence in the VMS group were 66% lower than in the patient
group without VMS, with the true population effect between
1 and 88%. This result was statistically significant, although
with a quite broad confidence interval.

Due to the heterogeneity in overall recurrence rates in
literature, we would like to focus on recurrence rates per

@ Springer

reinforcement technique. This study has shown a recurrence
rate of 24% for patients with posterior cruroplasty and VMS
and a rate of 14% when posterior cruroplasty and VMS were
combined with anterior cruroplasty. However, VMS place-
ment as conducted in this study is rarely found in literature
because other studies use horizontally placed mesh strips on
the crurae or use Teflon or polytetrafluoroethylene (PTFE)
pledgets. The study group of Granderath et al. used horizon-
tally placed 1x3 cm polypropylene strips and found signifi-
cant differences in terms of less intrathoracic wrap migration
and postoperative dysphagia in the mesh strip group com-
pared to the non-mesh group, who had simple hiatoplasty.
All patients received a Nissen fundoplication in the studies
of Granderath et al. [10, 22]. Van den Dop et al. also used
horizontal polypropylene mesh strip placement and reported
a recurrence rate of 8.1%, which is not in line with our result
of 24%. However, the follow-up time in their research was
only seven months and might be an explanation for the dif-
ference found since the current study had a mean follow-up
time of 6 years [8]. Few studies describe Teflon or PTFE
pledgets, which are only partially comparable with this study
due to the different material and size of pledgets compared to
lightweight VMS. However, pledgets have the same purpose
as VMS placement. Studies using multiple interrupted Tef-
lon pledgets on both crurae reported recurrence rates varying
from 10.8 to 23% [23, 24]. Unfortunately, no odds ratios
were presented by any other study to represent the associa-
tion between mesh strip use and recurrence.

In one of the most recent meta-analyses looking into mesh
use and recurrence rate Sathasivam et al. found heterogene-
ous studies regarding the reduction in HH recurrence with
mesh. However, their meta-analysis showed a significant
reduction of recurrence after mesh repair compared to suture
repair of HH (OR 0.48, P <0.05), which is not similar to
the present study because no significant difference in recur-
rence for this mesh patient population was found (OR 0.80,
P=0.739). Sathasivam et al. included multiple studies that
used both absorbable and non-absorbable mesh, while only
the latter is used in the present study [7]. The most recent
studies analyzing only non-absorbable mesh were done by
Oor et al. and Watson et al., who found that non-absorbable
mesh did not result in improved recurrence rates compared
to suture cruroplasty. Their findings confirm the results of
the current study, although the current study shows a broad
confidence interval, indicating low reliability due to the
low power of the mesh patient population group [11, 25].
The decision to use mesh during surgery was mostly made
according to the size of the hiatal defect [26]. Surprisingly,
no standard method has yet been described to calculate the
HH size, although Granderath et al. offer recommendations
for optimal hiatal surface area (HSA) measurements [9].

Additionally, this study showed a recurrence rate of 23%
for patients with posterior and anterior cruroplasty. No
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significant association was found between anterior cruro-
plasty and recurrence rate. This result is in line with the
results of the studies of Gibson et al., who showed a recur-
rence rate of 25% in the posterior and anterior cruroplasty
group after a 24-month follow-up period. Gibson et al. ini-
tially reported a recurrence rate of 9% in a first report [27,
28]. This increase in recurrence rate also shows the impor-
tance of sufficient follow-up time. The present study has
shown that most recurrences take place in 24 months and
the mean follow-up time in the present study was 73 months.

Implications

This study is the first one to describe the use of mesh strips
in a vertical position on each crural pillar. The use of VMS
such as in the present study seems to have a protective effect
to reduce recurrences. Furthermore, the findings in this
study show that the lowest recurrence rate was achieved with
the use of a combination of anterior sutures and VMS. This
finding could be due to the protective effect of VMS on weak
crurae and the reinforcement of the HH anteriorly. Mesh-
related complications are probably caused by direct contact
of mesh with viscera and we have not seen any of these
late complications for VMS in this large cohort study with
6 years of follow-up time. The probability that VMS cause
the same complications might therefore be lower as reported
for mesh in literature due to the significantly smaller size of
VMS. Based on our clinical experience it is recommended to
use mesh strips in type III and IV HH patients due to its size
and the type of HH. A total mesh placement remains contro-
versial, as previous studies showed contradictory results on
whether the use of mesh was significantly associated with
recurrence. Furthermore, many studies have reported various
complications due to the use of mesh [12]. The current study
was not able to reject or confirm these different findings
regarding mesh in literature.

Limitations of the study

A potential drawback of this study is its retrospective design,
which may have caused us to miss some patients who expe-
rienced recurrent symptoms without our knowledge. Due to
the retrospective design, it was not possible to ask patients
about recurrences of symptoms. Moreover, if patients went
to other hospitals with recurrent symptoms without reporting
back to this hospital, these patients might be lost to follow-
up. Nonetheless, we expect these patients to be few since the
patients in this study area tend to be loyal to their physician,
and not many other hospitals provide these services in the
area. Besides, the retrospective design of this study also led
to less available CTs because CTs were not made regularly
in the past. Less available CTs and a substantial number of
CTs with older techniques (thick slices) or unavailability

of the thin slices data set and therefore reconstruction in
multiple planes was not possible. The number of missing
CTs might also be the explanation that no association was
found between hiatal size and recurrence. Furthermore, the
recurrence number might also be underestimated due to the
different follow-up times of the patients. However, most
recurrences were shown to occur within 24 months, and this
study had a mean follow-up time of 73 months. Hence, we
believe different follow-up times did not limit the reliability
of our findings.

Although 307 patients were included in this patient pop-
ulation, post-hoc power calculations showed insufficient
power, especially for the patient group with only mesh.
Therefore, surgical technique groups could not be compared
in a regression analysis, only reinforcement techniques were
compared in a logistic regression. This low power might
explain the broad confidence intervals of the multivariable
logistic regression analysis and therefore the results should
be interpreted cautiously.

Recommendations for further research

This exploratory study has shown the possible implications
of the use of reinforcement techniques for HH surgery. In
future research, it is recommended to examine these research
questions in a prospective multicenter research setting.
Prospective research would allow to determine recurrence
symptoms for every patient by means of questionnaires
or patient consultations. A multicenter study will make it
possible to include sufficient patients for enough power in
the study.

Conclusion

In conclusion, this study demonstrated a recurrence rate of
20.8% with a mean follow-up time of 6 years. Secondary
surgery was performed in 17.6% of the patients and tertiary
surgery in 1.6%. VMS are suitable for reinforcement of weak
crura and may be safer than total mesh placement because
they are associated with fewer mesh-related complications
due to a smaller surface. The vertical placement of mesh
strips on both crurae during cruroplasty appears to be a safe
technique to reduce recurrences. The combination of VMS
with anterior sutures might be the optimal technique to lower
recurrence rates, though this needs further investigation.
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