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Abstract

Introduction The debate continues as to whether laparoscopic total Nissen (LNF) versus partial posterior Toupet fundoplica-
tion (LTF) leads to better outcomes in the surgical treatment of axial hiatal hernia with gastroesophageal reflux disease. In the
most recent meta-analysis including 13 RCTs with 1564 patients, no significant difference was found between the two proce-
dures in terms of perioperative complications and recurrent reflux rates. Further comparative analyses are urgently needed.
Methods This retrospective analysis of prospectively recorded data from the Herniamed Registry compared the periopera-
tive and 1-year follow-up outcomes after total Nissen versus partial Toupet fundoplication. Propensity score matching was
chosen as the statistical method. Matching was performed for n =2290 pairs.

Results No systematic discrepancy was found between the Nissen and Toupet fundoplication for any of the outcome param-
eters (intraoperative complications LNF 2.10% vs LTF 1.48%, general complications 2.27% vs 2.88%, postoperative compli-
cations 1.44% vs 1.18%, complication-related reoperation 1.00% vs 0.91%, recurrence on 1-year follow-up 6.55% vs 5.33%,
pain on exertion on 1-year follow-up 12.49% vs 9.52%, pain at rest on 1-year follow-up 10.44 vs 9.52% and pain requiring
treatment on 1-year follow-up 9.61% vs 8.17%). Also the postoperative dysphagia rate showed with 5.34% after LNF and
with 4.64% after LTF no significant difference.

Conclusion The findings presented here did not show any significant difference up to 1 year after Nissen or Toupet fun-
doplication. This is in concordance with the findings of the meta-analyses. However, the perioperative and 1-year follow-up
outcomes demonstrate that both operation techniques should be carried out by experienced surgeons.

Keywords GERD - Laparoscopic Nissen Fundoplication - Laparoscopic Toupet Fundoplication - Recurrence -
Perioperative Outcome - Follow-up
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cardia dysfunction, noncompliance with medical treatment,
side effects of medical therapy, esophagitis refractory to
medical treatment or persistent symptoms caused by refrac-
tory GERD [3].

In the surgical guidelines for management of GERD,
SAGES recommends either partial or complete fundoplica-
tion [4]. If reflux rather than dysphagia is the patient’s main
symptom, complete fundoplication should be carried out [4].
If the risk of dysphagia is to be kept to a minimum, partial
fundoplication should be given preference [4].

At a multi-society consensus conference, a conditional
recommendation with moderate certainty of evidence stated
that a patient with GERD would be more likely to benefit
from partial rather than complete fundoplication [5]. That
recommendation is based on six meta-analyses [7—-12].

The maximum number of available RCTs is 13 studies
with 1564 patients [8]. In that meta-analysis, no significant
difference was found in the perioperative complications or
the recurrent reflux rates. Often, however, only relatively
small subgroups are available to answer individual questions
[7]. There is also a paucity of routine comparative clinical
studies.

This analysis of prospectively recorded data retrospec-
tively compared Nissen with Toupet fundoplication using
propensity score matching. Only patients with axial hiatal
hernia and reflux disease and for whom no mesh was used
for hiatoplasty reinforcement were included in the present
analysis. The main focus of analysis was on the perioperative
and 1-year follow-up outcome.

Methods
Registry design

Herniamed is an Internet-based hernia registry in which
hospitals and independent surgeons in Germany, Austria
and Switzerland can voluntarily document their routine
hernia operations. A contract is made with every responsi-
ble surgeon where the latter commits to ensuring that data
on the hernia operations carried out in the hospital/surgical
clinics are completely and correctly entered into the Her-
niamed Registry. As a prerequisite for documentation in
the Herniamed Registry, all patients must sign a separate
consent form agreeing to their data being processed in the
Herniamed Registry and indicating their acceptance of the
follow-up procedure. As part of the information provided to
patients regarding participation in the Herniamed Registry,
they are told to inform the treating hospital or the treating
clinic about any problem occurring after hernia repair. If
problems occur after the hernia operation, the patient should
attend the treating hospital or surgical clinic for examination.
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All complications are recorded up to postoperative day
30. To ensure that all postoperative complications are in fact
recorded, the patient is asked about them again on 1-year
follow-up. On 1-year follow-up, patients and their primary
care physicians are sent a questionnaire asking them about
pain and recurrent reflux. If such problems are experienced,
patients are requested to attend the hospital/medical practice
for further diagnostic examination. Studies have revealed
that follow-up by means of a questionnaire sent to the patient
and/or their primary care physician is effective [13].

The findings reported in the returned questionnaires are
entered into a database by the treating hospital/medical
practice and are then available for pseudonymous statistical
analysis.

The present analysis of prospectively recorded data ret-
rospectively compared the outcomes of patients with axial
hiatal hernia who underwent laparoscopic Nissen or Toupet
fundoplication without the use of a mesh for hiatoplasty.

Inclusion criteria for the analysis

From the processed data with a total of 1,152,149 cases,
patients were selected for analysis based on the following
inclusion criteria:

e Hiatal hernia operations

e The entry-state key of the patient master data as well as
of the operation data shows status complete, i.e., only
completely documented cases for obligatory entries
Patients at least 16 years old (only valid entries on age)
Only elective hernias

Only primary procedures

Only procedures with axial location (type I)

Only patients with reflux

Only operations with Nissen or Toupet fundoplication
Only laparoscopic procedures

Only procedures without a mesh

Operation date up to and including 28/02/2022

1-year follow-up with fully documented visits

Methodology

All analyses were performed with the software SAS 9.4
(SAS Institute Inc., Cary, NC, USA) and intentionally cal-
culated to a full significance level of 5%, i.e., they were not
corrected in respect of multiple tests, and each p value <0.05
represents a significant result.
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All hernia operations after processing of data from
export on April 06, 2023, at 12:55 pm (n=1152149
by 936 centers)

> Exclusion of all non-hiatal hernias (n=1121117) |

4
Hiatal hernia repair (n=31032)

> Exclusion of entry-state-key “incomplete” (n=1293)

\ 4
Selected hiatal hernia repairs with entry-state key
“complete” (n=29739)

_ | Exclusion of patients with invalid age or age below 16
v years (n=29)
Selected hiatal hernia repairs in patients with min.
valid age of 16 years (n=29710)
N|

g Exclusion of emergency operations (n=339) |

\ 4
Selected elective hiatal hernia repairs (n=29371)

I Exclusion of all recurrences (n=3093) |

A
Selected primary hiatal hernia repairs (n=26278)

> Exclusion of other locations (n=9309)

\ 4
Selected hiatal hernia repairs in patients with axial
defect location (n=16969)

=I Exclusion of patients without reflux (n=2242) |
v
Selected hiatal hernia repairs in patients with reflux
(n=14727)
=I Exclusion of other operations (n=3572) |
v

Selected hiatal hernia repairs via Toupet or Nissen
fundoplication (n=11155)

g Exclusion of other procedures (n=135)

v
Selected hiatal hernia repair with laparoscopic
procedures (n=11020)

g Exclusion of repairs with meshes (n=1974)

A 4
Selected hiatal hernia repairs without meshes
(n=9046)
Exclusion of patients with operation date after February
v 28.2022 (n=961)

Selected hiatal hernia repairs with operation date
before March 01, 2022 (n=8085)

Exclusion of patients without 1-year follow-up (n=2804)

A 4

A
Fully documented elective primary axial hiatal hernia repairs (Toupet or Nissen fundoplication, laparoscopic
procedures) without meshes before March 01, 2022 in patients with reflux, minimum valid age of 16 years and 1-year
follow-up (n=5281)

Fig. 1 Patient inclusion flowchart
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Table 1 Presentation of ranges
and of unadjusted analysis
results for homogeneity
between Nissen and Toupet

fundoplication for age and
defect size Age [years]

Defect size [cm?]* N/mean

[range of dispersion]

N/mean +SD

Operation technique p
Nissen fundoplication (360°)  Toupet fundoplica-

tion (270°)
2560/56.4+13.6 2721/55.5+13.8  0.018
2560/10.9 2721/10.7 0.190
[8.8; 13.1] [8.7; 12.7]

“Logarithmic transformation: presentation of the back-transformed mean values and ranges (mean

value + SD)

Data processing

Individual outcome and also independent variables (risk fac-
tors, complications) were summarized to global variables. A
general, intra- or postoperative complication or risk factor
was deemed present if at least one single item applied.

Descriptive and unadjusted statistics

Categorical patient data were presented as absolute and rela-
tive frequencies.

For continuous data the mean and standard deviation, or
for log-transformed data in case of non-normal distribution,
the mean and range (because the range is not symmetrical
after back transformation) were presented.

Unadjusted analyses were carried out for analysis of the
comparison groups in respect of the individual matching
parameters. These were used to describe the patient cohort
before matching. For categorical parameters, the asymptotic
Chi-square test was performed. For continuous parameters,
the robust ¢ test (Satterthwaite) was used.

Propensity score matching

Nissen and Toupet fundoplication outcomes were compared
using first a propensity score matching to compare patients
with balanced co-variable profiles. Propensity scores were
generated using a logistic regression model (Nissen vs. Tou-
pet) with the following matching variables:

Age in years

Defect size in cm®>—logarithmized
BMI [underweight/normal weight/overweight/obesity]
ASA [I/TI/TIT-1V]

Preoperative pain [yes/no/unknown]
Regurgitation/reflux [yes/no]
Dysphagia [yes/no]

Pain [yes/no]

Anemia [yes/no]

Lung disorders [yes/no]

Risk factors [yes/no]
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Risk factors were deemed to be present if at least
one of the following risk factors applied

COPD [yes/no]

Diabetes mellitus [yes/no]

Aortic aneurysm [yes/no]

Immunosuppression [yes/no]

Corticoids [yes/no]

Smoking abuse [yes/no]

Coagulopathy [yes/no]

Platelet aggregation inhibitors (discontinued less than

seven days ago [yes/no]

e Coumarin derivatives (quick/INR not in normal range)
[yes/no]

e Non-vitamin K antagonist oral anticoagulants (NOAKGs,
e.g., Xarelto) discontinued < 2 days [yes/no]*

e Liver cirrhosis [yes/no]*

*since database update (February 2022).
In addition, the following fixed matching variable was
specified:

o Gender [male/female]*

which had to have the same category in the matched pair.

Propensity score matching was performed using greedy
algorithm and a caliper of 0.2 standard deviations. The bal-
ance of the matched sample was checked using standard-
ized differences (also given for the pre-matched sample) that
should not exceed 10% (< 0.1) after matching.

Analysis of outcome parameters after matching

Matched samples were then analyzed via McNemar’s
exact test (test for systematic deviation between the paired
patients) for the following perioperative and 1-year follow-
up outcomes:

e Intraoperative complications
e Postoperative complications
e General complications
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Table 2 Presentation of
descriptive statistics and
unadjusted analysis results for
homogeneity between Nissen
and Toupet fundoplication for
categorical matching variables

Operation technique P
Nissen fundoplica-  Toupet fundoplica-
tion (360°) tion (270°)
n % n %
Sex Male 1063 415 1217 44.7 0.019
Female 1497 58.5 1504 553
BMI Underweight 15 0.6 16 0.6 <.001
Normal weight 549 21.6 717 26.4
Overweight 1134 44.6 1303 48.0
Obesity/morbid 844 33.2 678 25.0
ASA I 436 17.0 596 21.9 <.001
1I 1705 66.6 1732 63.7
v 419 16.4 393 14.4
Preoperative pain No 976 38.1 1107 40.7 0.037
Yes 1343 52.5 1332 49.0
Unknown 241 9.4 282 10.4
Regurgitation Yes 546 21.3 552 20.3 0.351
No 2014 78.7 2169 79.7
Dysphagia Yes 557 21.8 421 15.5 <.001
No 2003 78.2 2300 84.5
Pain Yes 910 355 773 28.4 <.001
No 1650 64.5 1948 71.6
Anemia/hemorrhage Yes 93 3.6 58 2.1 0.001
No 2467 96.4 2663 97.9
Lung disorders Yes 169 6.6 159 5.8 0.254
No 2391 93.4 2562 94.2
Risk factors—total Yes 688 26.9 630 232 0.002
No 1872 73.1 2091 76.8
COPD Yes 245 9.6 218 8.0 0.045
No 2315 90.4 2503 92.0
Diabetes Yes 111 4.3 101 3.7 0.248
No 2449 95.7 2620 96.3
Aortic aneurysm Yes 5 0.2 5 0.2 0.923
No 2555 99.8 2716 99.8
Immunosuppression Yes 17 0.7 22 0.8 0.540
No 2543 99.3 2699 99.2
Corticoids Yes 38 1.5 22 0.8 0.021
No 2522 98.5 2699 99.2
Smoking Yes 236 9.2 259 9.5 0.709
No 2324 90.8 2462 90.5
Coagulopathy Yes 22 0.9 25 0.9 0.818
No 2538 99.1 2696 99.1
Antithrombotic medication Yes 159 6.2 112 4.1 <.001
No 2401 93.8 2609 95.9
Anticoagulant medication Yes 25 1.0 12 0.4 0.020
No 2535 99.0 2709 99.6
Liver cirrhosist Yes 0 0 1 2.4 0.202
No 66 100 40 97.6
Anticoagulants Yes 1 1.5 2 4.9 0.306
No 65 98.5 39 95.1
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Table 3 Presentation of
descriptive and unadjusted
analysis results for homogeneity

Operation technique p

Nissen fundoplica- Toupet fundoplica-

between Nissen and Toupet tion (360°) tion (270°)
fundoplication for outcome
variables n % n %
Intraoperative complications—total Yes 54 2.1 42 1.5 0.124
No 2506 97.9 2679 98.5
General complications—total Yes 62 2.4 79 2.9 0.278
No 2498 97.6 2642 97.1
Postoperative complications—total Yes 37 1.4 33 1.2 0.460
No 2523 98.6 2688 98.8
Complication-related reoperations Yes 26 1.0 26 1.0 0.825
No 2534 99.0 2695 99.0
Recurrence on 1-year follow-up Yes 164 6.4 139 5.1 0.043
No 2396 93.6 2582 94.9
Pain on exertion on 1-year follow-up Yes 315 12.3 321 11.8 0.571
No 2245 87.7 2400 88.2
Pain at rest on 1-year follow-up Yes 272 10.6 258 9.5 0.167
No 2288 89.4 2463 90.5
Pain requiring treatment on 1-year follow-up Yes 248 9.7 221 8.1 0.046
No 2312 90.3 2500 91.9
Trocar hernia on 1-year follow-up Yes 18 0.7 16 0.6 0.601
No 2542 99.3 2705 99.4
Secondary hemorrhage on 1-year follow-up Yes 10 04 10 0.4 0.891
No 2550 99.6 2711 99.6
Blood effusion on 1-year follow-up Yes 5 0.2 9 0.3 0.339
No 2555 99.8 2712 99.7
Infection on 1-year follow-up Yes 30 1.2 30 1.1 0.812
No 2530 98.8 2691 98.9
e Complication-related reoperations Results
e l-year follow-up
e Pain at rest Patient selection was made in accordance with the patient
¢ Pain on exertion inclusion flowchart presented in Fig. 1. Following patient
e Pain requiring treatment selection, 5281 patients were finally enrolled in the analy-
® Recurrence sis to study the relation of the operation technique as well
¢ Trocar hernia as of other potential influencing variables of the outcome
e Secondary hemorrhage parameters. Here, Nissen fundoplication was used in 2560
¢ Blood effusion (48.5%) cases and Toupet fundoplication in 2721 (51.5%)
e Infection cases.

The results obtained are presented as the concordant cases
as well as non-diagonal elements (disadvantageous cases)
of the 2 X 2 frequency table, the corresponding p values and
the odds ratio (OR) estimates for matched samples with cor-
responding 95% confidence interval.

In addition, the ORs are illustrated in a forest plot for all
outcome parameters.
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Descriptive statistics and unadjusted analyses
before matching

In this section, differences between the operation techniques
for the matching variables were analyzed. Table 1 presents
the descriptive statistics as well as the unadjusted test results
for the continuous variables age and defect size. Table 2
shows the corresponding values for the categorical vari-
ables. Unadjusted analysis of the relationship between the
comparison groups and the intraoperative, general and post-
operative complications, complication-related reoperations,



Hernia (2024) 28:1629-1639

1635

Fig.2 Scatter plot of standard-

ized differences before and after

matching

Age [years]

Defect size [cm?]*
Male

Underweight

Normal weight
Overweight

Obesity / Morbid
ASA score |

ASA score |l

ASA score IV
Preoperative pain
Unknown preoperative pain -
No preoperative pain -
Regurgitation
Dysphagia -

Pain -

Anemia/haemorrhage -

Lung disorders

Risk factors - :

recurrences, pain at rest, pain on exertion and pain requiring
treatment as well as trocar hernias, secondary hemorrhage,
blood effusions and infections on 1-year follow-up before
matching is shown in Table 3.

Matching

Propensity score matching of the 2560 cases treated with
Nissen technique with the 2721 cases with the Toupet tech-
nique was performed for n=2290 (89.5%) patients. The
standardized differences of the matching variables both

* O

T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Standardized difference

‘ < Original sample 4 Matched sample

before (original sample) and after (matched sample) match-
ing are shown in Fig. 2.

For all the matching variables, the standardized difference
after matching is less than 10%, indicating good balancing
of the variables included in the model.

Statistical analyses
Table 4 gives a summary of the analysis results of the
comparison groups for the various outcome parameters.

Here, analysis focused on whether there were systematic
differences in the outcomes of the Nissen versus Toupet

@ Springer
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Table 4 Analysis of systematic differences in the perioperative and 1-year follow-up outcomes between Nissen and Toupet fundoplication
(matched pair analysis including odds ratios and corresponding 95% confidence intervals)

Concordant Disadvantageous cases [%] p-Value  OR for matched samples
cases [%] - . .
Nissen fun- Toupet fun- OR Lower limit ~ Upper limit
doplication doplication
(360°) (270°)
Intraoperative complications 0.00 2.10 1.48 0.151 1412 0.891 2.259
General complications 0.04 2.23 2.84 0.227 0.785 0.533 1.150
Postoperative complications 0.04 1.40 1.14 0.512 1.231 0.711 2.150
Complication-related reoperations 0.04 0.96 0.87 0.878 1.100  0.573 2.125
Recurrence on 1-year follow-up 0.61 5.94 4.72 0.084 1.259 0971 1.637
Pain on exertion on 1-year follow-up 1.18 11.31 10.70 0.563 1.057 0.884 1.264
Pain at rest on 1-year follow-up 1.14 9.30 8.38 0.320 1.109  0.908 1.355
Pain requiring treatment on 1-year follow-up  0.79 8.82 7.38 0.097 1.195 0.970 1.475
Trocar hernia on 1-year follow-up 0.04 0.66 0.52 0.701 1.250 0.546 2.925
Secondary hemorrhage on 1-year follow-up 0.00 0.39 0.39 1.000 1.000 0.352 2.843
Blood effusion on 1-year follow-up 0.00 0.17 0.35 0.388 0.500 0.110 1.866
Infection on 1-year follow-up 0.00 1.14 1.09 1.000 1.040  0.577 1.877
Fig.3 Forest plot of adjusted OR LCL UCL p-Value
odds ratio (OR) including confi-
dence intervals for perioperative Intraoperative complications fre— 1412 0891 2.259 0.151
and 1-year follow-up outcomes
comparing Nissen versus Tou- General complications | lef 0.785 0.533 1.150 0227
t fundoplicati
pet fundophcation Postoperative complications he— 1.231 0711 2.150 0512
Complication-related reoperations | Fe—i 1100 0573 2125 0878
Recurrence on 1-year follow-up fed 1.259 0971 1637 0084
Pain on exertion on 1-year follow-up 2] 1.057 0.884 1.264 0563
Pain at rest on 1-year follow-up el 1.109 0.908 1.355 0.320
Pain requiring treatment on 1-year follow-up fet 1195 0970 1475 0097
Trocar hernia on 1-year follow-up | He— 1.250 0546 2.925 0701
Secondaryhaemorrhage on 1-year follow-up | Ho—— 1.000 0.352 2.843 1.000
Blood effusion on 1-year follow-up | F— 0.500 0.110 1.866 0.388
Infection on 1-year follow-up | F— 1.040 0577 1.877 1.000

LI B B L B B DL B B B
012345678910

Odds Ratio (95% CI)

fundoplication operations. No systematic discrepancy was  dysphagia rate showed with 5.34% after LNF and with

found between the comparison groups for any of the out-  4.64% after LTF no significant difference (p =0.289).

come parameters (Table 4, Fig. 3). Also the postoperative Recurrent reflux following LNF (n=150) was diagnosed
only radiologically in 58 cases (38.7%), in 28 cases (18.7%)

@ Springer



Hernia (2024) 28:1629-1639

1637

Fig.4 Scatter plot of stand-
ardized differences between
patients with and without
follow-up information

Underweight | ©
Normal weight | ©
Overweight o
Obesity / Morbid — o
ASA score | o
ASA score Il o
ASA score lIIl-IV o
Preoperative pain4| ©
Unknown preoperative pain o
No preoperative pain - o
Regurgitation -{ ©

Dysphagia-| ©

Anemia/haemorrhage | ©
Lung disorders o
Risk factors o
Intraoperative complications - o
General complications -| ©
Postoperative complications o

Complication-related reoperations - o

radiologically and endoscopically, in 57 cases (38.0% only
endoscopically and in 7 cases (4.7%) only clinically. In the
patient population following LTF (n=122), recurrent reflux
was found by endoscopy only in 61 cases (50.0%), by endos-
copy and radiology in 21 cases (17.2%) and clinically in 21
(17.2%) cases.

Standardized differences for patients
with and without follow-up-Information

Figure 4 shows the results of the standardized differences
for patients with (n=5281) and without (n=2804) follow-
up information. Standardized differences above a value of
10% were found only for age. The patients in the analysis
population were on average 3.6 years older. Standardized
differences of less than 0.1 were found for all other variables,
including the perioperative complication rates, and are thus
not suggestive of any bias in patient selection.

Age [years] o
Defect size [cm?]* o

Male — ]

Pain o

T T T T
0.0 0.1 0.2 0.3

Standardized difference

Discussion

Analysis after propensity score matching using prospectively
recorded data from the Herniamed Registry demonstrates
that for comparative patient cohorts, there was no significant
difference between Nissen and Toupet fundoplication with
respect to the perioperative and 1-year follow-up outcomes.
But this applies only for patients with type I axial hiatal
hernias and reflux disease and without mesh augmentation
of hiatoplasty.

The perioperative complication rate for both operation
techniques was around 6% and additionally 5% for postop-
erative dysphagia. The complication-related reoperation rate
was around 1%. The recurrent reflux rate, in the majority
of cases proven by radiology or endoscopy, was around 6%
after 1 year for both techniques. Around 8% of patients still
reported pain requiring treatment after Nissen or Toupet fun-
doplication. Pain on exertion was even over 11%. A recent
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meta-analysis also found a reflux recurrence rate of 11.5%
for the Nissen fundoplication and 9.6% for the Toupet fun-
doplication with no significant difference in the short term
[7]. In the long-term follow-up, the reflux recurrence rate
also showed no significant difference (LNF 17.3% vs LTF
13.2%) [7]. We do not conclude equality from our data, but
that there was no significant difference. There is no predic-
tion on 5-year results from our 1-year follow-up data.

Likewise, the rate of chest pain in the meta-analysis was
over 12% [7]. This highlights the fact that surgical treat-
ment of GERD by means of laparoscopic Nissen or Tou-
pet fundoplication is associated with a not inconsiderable
postoperative complication rate as well as recurrence and
pain rate. Accordingly, surgery should be indicated for
GERD on the basis of the international guidelines [1, 2,
4-6]. Similarly, the operation technique should be selected
in accordance with the recommendations. If the main focus
is on treatment of the reflux, preference should be given to
Nissen fundoplication, and if the risk of dysphagia is to be
kept to a minimum, the recommendation is more for Toupet
fundoplication [4]. Due to a lack of evidence, the role of
robotic fundoplication cannot yet be evaluated at present [4].
According to the guidelines, surgical repair is as effective as
conservative treatment provided that the patients are care-
fully selected for the operation and the procedure is carried
out by an experienced surgeon [14]. The learning curve in
antireflux laparoscopic surgery is considered as particularly
steep [15]. Registry analyses have weaknesses. First, there
is the issue of data accuracy and completeness. All partici-
pating institutions have signed a contract with Herniamed
stating that the surgeon is responsible for data accuracy and
completeness. At the time of audits for certification of hernia
centers, the auditor can check data entries in Herniamed.

The Herniamed Registry has been validated against data
from the statutory health insurance funds, thus attesting to
the necessary accuracy. Since 1-year follow-up informa-
tion is not available for one-third of patients, it is necessary
to rule out selection bias. On analysis of the standardized
differences for patients with and without follow-up, values
below 0.1 were routinely found, also for the perioperative
complication rates, which argue against selection bias.

In summary, it can be stated that for axial hiatal hernia
with GERD and appropriate surgical indication based on
fundus manometry test results, no systematic differences
between the Nissen and Toupet operation could be found.
Since the perioperative complications as well as the recur-
rence and pain rates are of relevance, these operations should
be performed by experienced surgeons.

Data availability The data that support the findings of this study are
available from the corresponding author (FK) upon reasonable request.
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