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Abstract

Background Dyspnoea in patients with a para-oesophageal hernia (PEH) occurs in 7% to 32% of cases and is very disabling,
especially in elderly patients, and its origin is not well defined. The present study aims to assess the impact of PEH repair
on dyspnoea and respiratory function.

Methods From January 2019 to May 2021, all consecutive patients scheduled for PEH repair presenting with a modified
Medical Research Council (mMRC) score >2 for dyspnoea were included. Before and 2 months after surgery, dyspnoea
was assessed by both the dyspnoea visual analogue scale (DVAS) and the mMRC scale, as well as pulmonary function tests
(PFTs) by plethysmography.

Results All 43 patients that were included had pre- and postoperative dyspnoea assessments and PFTs. Median age was
70 years (range 63-73.5 years), 37 (86%) participants were women, median percentage of the intrathoracic stomach was
59.9% (range 44.2-83.0%), and median length of hospital stay was 3 days (range 3—4 days). After surgery, the DVAS
decreased statistically significant (5.6 [4.7-6.7] vs. 3.0 [2.3-4.4], p <0.001), and 37 (86%) patients had a clinically significant
decrease in mMRC score. Absolute forced expiratory volume in one second (FEV1), total lung capacity, and forced vital
capacity also statistically significantly increased after surgery by an average of 11.2% (SD 17.9), 5.0% (SD 13.9), and 10.7%
(SD 14.6), respectively. Furthermore, from the subgroup analysis, it was identified that patients with a lower preoperative
FEV1 were more likely to have improvement in it after surgery. No correlation was found between improvement in dyspnoea
and FEV1. There was no correlation between the percentage of intrathoracic stomach and dyspnoea or improvement in PFT
parameters.

Conclusion PEH repair improves dyspnoea and FEV1 in a statistically significant manner in a population of patients present-
ing with dyspnoea. Patients with a low preoperative FEV1 are more likely to have improvement in it after surgery.

Keywords Laparoscopic fundoplication - Para-oesophageal hernia - Hiatal hernia - Dyspnoea - Pulmonary function tests -
Forced expiratory volume

Abbreviations FVC Forced vital capacity
DVAS  Dyspnoea visual analogue scale CT Computed tomography
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mMRC Modified Medical Research Council
PEH Para-oesophageal hernia
PFTs Pulmonary function tests

RV Residual volume
TLC Total lung capacity

Hiatal hernias (HHs) are observed in 15-20% of the popula-
tion and are mostly asymptomatic. HHs with a rolling com-
ponent (type II, III, or IV), called para-oesophageal hernias
(PEHs) [1, 2], representing 5% of all HHs [3] and more fre-
quent in elderly patients [4], may be particularly disabling.
Indeed, this pathology not only exposes patients to the risk
of gastric volvulus [5] but also strongly impairs the patient’s
quality of life when symptomatic, not only occurring mainly
as digestive symptoms (e.g. dyspepsia, dysphagia, or heart-
burn) but also as extra digestive symptoms (e.g. cough, chest
pain, or dyspnoea).

Laparoscopic fundoplication (LF), nowadays considered
the gold standard treatment for symptomatic PEHs, has
shown a convincing effect on digestive symptoms, with a
significant decrease in the frequency and intensity of dys-
phagia and heartburn (86.7% with excellent to good results)
unlike extra digestive symptoms, for which the impact of
surgery has not yet been clearly demonstrated [6, 7]. Sur-
gery has also shown a significant improvement in quality of
life evaluated by the SF36 score, with postoperative scores
becoming even better than those of the general population
[6, 7]. Thanks to the laparoscopic approach, postoperative
morbidity and mortality have significantly decreased over
time [8—12], even in patients older than 70 and 80 years old,
according to Oor et al. and El Lakis et al. [13, 14].

Dyspnoea is frequently associated with PEH, especially in
the elderly population, and is a disabling condition because
it limits physical activity and autonomy. These dyspnoeic
patients, according to their age and condition, may have a
non-PEH-related cause of dyspnoea (COPD, chronic anae-
mia, or heart failure), but this symptom is associated with
PEH in 7% to 32% of cases [6, 7, 15—17], with various
causes, such as anaemia related to Cameron ulcer (ulcers
due to the imprint of the hiatus on the gastric wall), reduced
lung or cardiac volume due to PEH compression [18], or
diaphragmatic weakness.

The impact of HH surgical repair on respiratory symp-
toms has not yet been studied extensively. Only a few ret-
rospective studies have been performed with contradic-
tory results. Both Low et al. and Carrott et al. highlighted
improvements in forced expiratory volume in one second
(FEV1) [19, 20], whereas Wirsching et al., Naoum et al.,
and Zhu et al. did not highlight any clinically and statisti-
cally significant improvements in FEV1 [21-23]. Therefore,
further studies are needed to investigate the implication of
HH in the respiratory disorders of patients and whether HH

repair can improve pulmonary function and symptoms. For
this purpose, we decided to carry out a prospective analysis
studying the evolution of respiratory function before and
after surgery in patients who underwent surgery for a PEH
associated with dyspnoea.

Material and methods
Study design

We conducted a prospective non-interventional cohort study.
All consecutive patients who received surgery for a PEH
presenting with dyspnoea according to the following criteria
in the Department of Digestive Surgery, Magellan Centre,
Bordeaux University Hospital, from January 2019 to May
2021 were enrolled in the study.

This study was approved by the publication group of the
Ethics and Research Committee of the Bordeaux University
Hospital. Informed consent was obtained for each patient
prior to commencement of their preoperative workup and
surgery.

Patients

Inclusion criteria were as follows: (1) patients older than
18 years old scheduled for symptomatic PEH repair; (2)
patients having dyspnoea with a modified Medical Research
Council (mMRC) score >2 [24]; (3) type II or greater HH
proven by thoracoabdominal computed tomography (CT)
scan or barium swallow [1]; and (4) patient affiliated with
health care insurance.

Exclusion criteria were as follows: (1) emergency pres-
entation needing surgery with a delay < 6 h; (2) patients pre-
senting with strangulated HH; (3) patients with type I HH;
or (4) patients with an mMRC score < 2.

Preoperative assessment

Demographic characteristics, anthropomorphic measure-
ments, medical history, symptoms leading to the diagnosis,
medication use, and clinical laboratory tests were prospec-
tively collected prior to surgery at the outpatient clinic visits.

Pulmonary function tests (PFTs) were performed
according to the American Thoracic Society criteria [25]
1 month before surgery. Spirometry and plethysmography
were performed in order to measure FEV1, forced vital
capacity (FVC), total lung capacity (TLC), and residual
volume (RV). Reversibility of airway limitation was rou-
tinely tested in all patients with administration of a bron-
chodilator aerosol.

Dyspnoea was evaluated by both the mMRC scale and
dyspnoea visual analogue scale (DVAS) [24].
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All patients also had a preoperative thoracoabdominal
CT scan or barium swallow < 6 months before surgery.

The percentage of the intrathoracic stomach (IS) was
precisely determined by three-dimensional (3D) modelling
using 3D slicer software for patients with CT scans or by
measuring the percentage of IS height for patients who
had a barium swallow. Evaluation was performed by two
independent observers (D.B. and P.M.) who were blinded
to the outcomes (Fig. 1).

Surgery

Patients were operated on by two senior surgeons (C.G.
and D.C.). Interventions were performed through 5-port
laparoscopy. The HH was dissected, and the hernia con-
tent was reduced. This was followed by dissection and
resection of the hernial sac and section of the upper short
gastric vessels. No oesophageal lengthening procedures,
such as the Collis—Nissen procedure, were necessary. A
posterior herniorrhaphy was systematically performed
using interrupted non-absorbable sutures.

The vagus nerves were systematically identified and
preserved.

Left crura plication was performed only when the hiatal
orifice remained enlarged after closure of the posterior
crura. Hiatal closure was calibrated by the easy passage of
a 10-mm instrument through it to avoid stenosis. A partial
posterior Toupet fundoplication (270°) was systematically
performed (rather than Nissen fundoplication), because
this technique would cause less dysphagia with the same
efficacy on reflux [26]. No patient had placement of a
prosthesis.

Thoracic
stomach

Abdominal
stomach

Hiatus

V o e
o ~

Duodenum —

Fig. 1 Example of volumetric determination of intrathoracic stomach
percentage
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Postoperative assessment

Information on postoperative complications according to the
Clavien—Dindo classification was prospectively collected
[27]. Patients were seen by surgeons at 2 months + 10 days
postoperative in an outpatient clinic. A review of sympto-
matic outcomes and systematic physical examination was
conducted. Both the mMRC scale and DVAS were system-
atically measured. PFTs were also systematically performed
with the same method as preoperatively.

Our primary endpoint was an improvement in FEV1 of
more than 10%. This cutoff was established according to the
minimal clinically important difference (MCID), which was
100 mL or 10%, in COPD studies [28]. Although this is a
cutoff used for a disease other than PEH, it is the only FEV1
cutoff known to determine clinical relevance. We therefore
used this percentage to distinguish patients with a good PFT
response from those without. For the DVAS, the MCID was
1 to 2 points in a previous study [29]. Therefore, we decided
to set a 2-point DVAS decrease to consider that the patient
had a good clinical response after surgery.

Potential confounding factor integration

Anaemia, which is a common symptom in patients with
PEH, potentially responsible for dyspnoea [30] and is known
to be healed after PEH repair [31], was considered as a
potential confounding factor. Preoperatively, haemoglobin
was routinely measured, and in patients suffering from anae-
mia, causes of anaemia other than PEH were investigated
and treated when necessary. Patients with PEH-related anae-
mia had iron supplementation before surgery. A comparison
of characteristics, dyspnoea scales, and PFT parameters was
made between patients with and without anaemia.

Statistical analysis

A data monitoring and a steering committee composed of
two surgeons, a pulmonologist, an epidemiologist, and a bio-
statistician were assembled in order to analyse the associa-
tion between surgery and respiratory function.

According to the preliminary results, the sample size for
a hypothesized increase of 10% in FEV1 with an estimated
standard deviation of 16% and a power of 0.80 was predicted
to be 41.

The FEV1 variation in the overall population was pre-
sented as the mean and standard deviation.

Data are presented with numbers and percentages for
qualitative variables. As the numbers of subjects in groups
of comparison were low, continuous variables were pre-
sented as medians [interquartile ranges] (and in order to
preserve homogeneity in the presentation of the results,
all continuous data were presented this way). Also, the



Surgical Endoscopy (2022) 36:7266-7278

7269

nonparametric Wilcoxon test was used to compare them.
Qualitative variables were compared with the Chi-squared
test, unless expected counts were under 10, in which case
Fisher's exact test was used. Preoperative and postopera-
tive data were compared using paired function. Patients
with significant FEV1 improvement (10% or more) and
patients with significant DVAS decrease (at least 2 points)
were compared to others.

The Spearman rank correlation between the DVAS
and FEV1 improvement, DVAS improvement, percentage
of IS and FEV1 improvement, and IS percentage were
calculated.

A threshold of @=0.05 was considered statistically sig-
nificant for the final model. Analysis was performed with
RStudio software version 3.5.1.

Results
Patients

Amongst 126 patients operated on for HH during the inclu-
sion period, 45 patients presented with a PEH (type II-IV
HH) and mMRC score > 2 for dyspnoea. Amongst these
patients, two patients were excluded from the present study,
one because of an intellectual disability preventing him from
undergoing PFTs in correct conditions and one refusing to
perform PFTs. All 43 patients that were included had com-
plete follow-up and were analysed. Pre- and postoperative
dyspnoea scale measurements and PFTs were obtained for
all included patients.

Descriptive data

The baseline clinical characteristics and postoperative out-
comes of included patients are presented in Table 1.

Four (9.3%) patients had a preoperative assessment of IS
percentage preoperatively by barium swallow, whereas the
other 39 patients had thoracoabdominal CT scans (90.7%).

Postoperative complications occurred in six (13.9%)
patients. Four patients had medical complications: two phle-
bitis (Clavien—-Dindo I), one spontaneously resolving gas
bloat syndrome (Clavien—Dindo I), and one pneumonia (Cla-
vien—Dindo II). Two patients had pneumothoraxes requiring
drainage (Clavien—Dindo IIIa). There were no surgical revi-
sions or deaths (Table 1).

No patient had clinical signs of recurrence at 2-month
follow-up.

Table 1 Clinical, pre-, and postoperative characteristics of included

patients

Characteristics 7 (%) or median [IQR]

Overall population
n=43

Age (years) 70.0 [63.0, 73.5]
BMI (kg/m?) 29.1[27.4,31.9]
Sex (F/M) 37/6 (86.0/14.0)
ASA score

1 6 (14.0)

2 29 (67.4)

3 8 (18.6)
Comorbidities

Asthma 6 (14.0)

COPD 2 (4.7)
Ischaemic cardiopathy 3(7.0)

Atrial fibrillation 4(9.3)

Type 1I diabetes 49.3)
Obstructive sleep apnoea 5(11.6)
Pulmonary hypertension 0(0)
Bronchodilator therapy 7(16.3)
Smoking history 4(12.9)
Previous history of abdominal surgery 25 (58.1)
Previous history of fundoplication 3(7.0)
Preoperative symptoms

Dyspnoea 43 (100)
Heartburn 19 (44.2)
Dyspepsia 15 (34.9)
Dysphagia 7(16.3)
Vomiting 4(9.3)

Chest pain 12 (27.9)
Cough 5(11.6)
Anaemia 10 (23.3)

Intrathoracic stomach

Postoperative complication

59.9 [44.2, 83.0]

Clavien—Dindo I 3(7.0)
Clavien—Dindo II 1(2.3)
Clavien—Dindo Illa 2(4.7)
Clavien—Dindo IIIb-V 0(0)

Length of stay (days) 3.0 [3.0,4.0]

ASA American Society of Anesthesiologists, BMI Body Mass Index,

COPD chronic obstructive pulmonary disease

Outcome data

In this cohort, patients had a statistically significant regres-
sion of dyspnoea when quantified by the mMRC score (from
2.0[2.0,3.0] to 1.0 [1.0, 2.0], p <0.001) and when quantified
by the DVAS (from 5.6 [4.7, 6.7] t0 3.0 [2.3, 4.4], p<0.001)
(Table 2, Fig. 2).

The mMRC score did not increase in any patients. It was
stable in six (14%) patients, decreased by 1 pointin 21 (48%)
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Table 2 Preoperative and postoperative values of dyspnoea scales and PFT parameters

Variables n (%) or median  Preoperative Postoperative Difference p-value
(IQR]
Dyspnoea scales
mMRC 2.0[2.0,3.0] 1.0 [1.0, 2.0] +1.0[+1.0,+2.0] <0.001
0 0 (0) 9(20.9)
1 0 (0) 22 (51.2)
2 28 (65.1) 11 (25.6)
3 14 (32.6) 0 (0)
4 1(2.3) 1(2.3)
DVAS 5.6[4.7,6.7] 3.0[2.3,4.4] +2.0[+1.0,+3.5] <0.001
Preoperative Postoperative % change p-value
PFT
FEV1
L) 1.9[1.6,2.1] 2.0[1.7,2.2] +7.1% [+1.6%,4+18.0%] <0.001
(% predicted) 87.0[77.5,101.5] 102.0 [90.5, 109.5] +8.2% [+1.6%,+18.2%] <0.001
TLC
L) 4.714.2,54] 491[4.5,59] +4.3% [-2.8%,410.1%] 0.002
(% predicted) 96.0 [91.0, 105.5] 104.0 [94.0, 117.0] +4.7% [-2.6%,+12.8%] 0.002
FVC
(L) 2.3[2.1,2.7] 2.5[2.2,2.9] +9.6% [+3.2%,+ 19.9%] <0.001
(% predicted) 94.0 [85.0, 103.0] 102.0 [95.0, 117.0] +11.1% [+4.1%,+20.2%] <0.001
RV
L) 2.3[1.9,2.6] 2.3[2,0,2.8] +0.5% [— 10.6%, + 17.4%] 0.553
(% predicted) 115.0 [105.2, 131.0] 113.0[103.0, 133.5] - 1.0% [— 12.6%,+16.9%] 0.846

DVAS dyspnoea visual analogue scale, FEVI forced expiratory volume in one second, FVC forced vital capacity, mMRC Modified Medical

Research Council, PFT pulmonary function test, RV residual volume, TLC total lung capacity
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Fig.2 Preoperative and postoperative dyspnoea scales. A DVAS; B DVAS with line graph; C mMRC. ****p<(.0001; ***p<0.001;
*#p <0.01; *p<0.05
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patients, decreased by 2 points in 15 (34.9%) patients, and
decreased by 3 points in one patient (2.3%) (Table 2).

Consequently, the mMRC score improved in a clinically
relevant way, according to the MCID, in 37 (86%) patients.

The mean postoperative DVAS (3.31 [SD 1.74]) was sta-
tistically significant lower than the mean preoperative DVAS
(5.62 [SD 1.69]), which corresponds to an average decrease
of 2.30 (SD 1.83) (» <0.001) (Table 2).

Absolute FEV1, TLC, and FVC also statistically signifi-
cantly increased after surgery by an average of 11.2% (SD
17.9), 0.19 L (SD 0.25), p<0.001; 5.0% (SD 13.9), 0.29
L (SD 0.56), p=0.002; and 10.7% (SD 14.6), 0.25 L (SD
0.31), p<0.001, respectively (Table 2). The absolute RV
did not show any statistically significant change after sur-
gery (10.3% [SD 35.3], 0.1 L [SD 0.6], p=0.553) (Table 2,
Fig. 3).

Subgroup analyses according to the clinical
and functional responses

Patients with and without clinically significant FEV1
improvement

Seventeen (39%) patients had an improvement of more than
10% in FEV1. They were compared with patients that had
a less than 10% improvement. No difference was found
between these two groups with regard to demographics,
clinical characteristics, or preoperative symptoms. Postop-
erative dyspnoea and PFT parameters are shown in Table 3.
Preoperative FEV1 (L) was statistically significantly lower
in patients with clinically significant FEV1 improvement
when compared to that in the other patients (1.6 [1.3, 1.9]
vs. 2.0 [1.8, 2.2], p=0.029) (Table 3).

Patients with and without clinically significant DVAS
improvement

Twenty-four (56%) patients had an improvement in DVAS
of > 2 points and were therefore considered as “good clini-
cal responders”. They were compared with patients who
had an improvement in DVAS of <2 points. No difference
was found between these two groups with regard to demo-
graphics, clinical characteristics, or preoperative symptoms.
Postoperative dyspnoea and PFT parameters are shown in
Table 4.

Correlation analysis

No correlation was highlighted between DVAS and FEV 1
(L) improvement (p=0.163, 95% CI—0.153 to 0.449), per-
centage of IS and preoperative DVAS (p= —0.199, 95%
CI-0.485 to 0.124), preoperative FEV1 (L) (p= —0.273,
95% CI—0.535 to 0.038), DVAS improvement (p =0.007,

95% CI—0.310 to 0.322), and FEV1 (L) improvement
(p=0.189, 95% CI-0.135 to 0.476).

Potential confounding factor integration

Ten (23%) patients presented with anaemia that could be
responsible for dyspnoea. Causes of anaemia other than PEH
were investigated and none were found in those 10 patients.
No difference was found between patients suffering from
anaemia compared to those without anaemia with regard
to demographics, clinical characteristics, or preoperative
symptoms. Otherwise, compared to patients without anae-
mia, patients with anaemia tended to have greater but not
statistically significant improvements in the DVAS (3.0 [2.0,
3.5]vs. 1.7[1.0, 3.1], p=0.784), in FEV1 (9.75 [3.6, 15.5]
vs. 7.7 [1.0, 18.6], p=0.829) and mMRC scale (p =0.053).

Discussion

PEH repair improves dyspnoea and respiratory
function

This prospective study demonstrated that PEH repair sig-
nificantly improved the respiratory function of patients,
with a mean increase in FEV1 of 11.2% in patients suffering
from dyspnoea. This improvement in FEV1 is furthermore
clinically significant, as it is greater than 10%. It was also
demonstrated that this procedure decreases dyspnoea in a
large number of patients, with 87% of patients achieving a
clinically relevant improvement in their mMRC scores and
a mean decrease in DVAS of 2.30 (1.83). A low preopera-
tive FEV1 was the only criterion identified as predictive of
improvement in FEV1 after surgery, according to our sub-
group analysis.

This improvement in FEV1 is consistent with previous
studies. Both Low et al. and Carrott et al., respectively,
showed 16% and 10.4% improvements in FEV1 in their
respective 45 and 120 patient cohorts (Table 5) [19, 20].
These two cohort studies, although one was retrospective,
carry the same design as ours. The clinical characteristics,
procedures, and perioperative PFTs of their included patients
are very similar to those of the present study.

In contrast, both Zhu et al. and Naoum et al. showed
an improvement in absolute FEV1 of 2% and 6% in their
respective cohorts of 30 and 73 patients, which did not
reach the clinical significance threshold of a 10% improve-
ment in FEV1. In these two studies, the preoperative FEV1
was higher (2.03 L and 2.06 L, respectively), which may
explain their lower improvements in FEV1 (Table 5) [22,
23]. Wirshing et al. showed a nonclinically significant
improvement (9.1%), and their results were not statistically
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Fig.3 Preoperative and post-
operative PFT parameters. A
FEV1; B TLC; C FVC; D RV.

*axEp <0.0001; ***p <0.001;

#5p <0.01; *p<0.05

significant probably because many of their patients were lost

to follow-up [21].

Compared to those six previously published studies
[18-23], postoperative PFTs and dyspnoea evaluation were
performed closer to surgery (2 months vs. 3—6 months),
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which could have diminished the magnitude of these

results due to an incomplete postoperative recovery. The

fact that results are nevertheless significant reinforces the
idea that PEH repair improves lung function and dyspnoea
(Table 5).



Surgical Endoscopy (2022) 36:7266-7278 7273
Table 3 Characteristics of patients with and without significant FEV1 improvement
Characteristics n (%) or median [IQR] <10% FEV1 improvement >10% FEV1 improvement p-value
Number of patients 26 17
Intrathoracic stomach 57.3 [36.1, 78.6] 60.0 [55.7, 94.1] 0.145
Postoperative complication 0.527
Dindo I 2(7.7) 1(5.9)
Dindo IT 1(3.8) 0(0.0)
Dindo Illa 2(7.7) 0(0.0)
Dindo IIIb-V 0(0) 0(0)
Length of stay (days) 3.5[3.0,4.0] 3.0 [3.0, 4.0] 0.347
Baseline dyspnoea scale
mMRC 2.0[2.0,3.0] 2.0[2.0,3.0] 0,295
DVAS 6.00 [5.00, 6.38] 5.00 [3.50, 7.50] 0.416
Dyspnoea scale gain
mMRC +1.0 [+1.0,42.0] +1.0[+1.0,+2.0] 0.169
Worsening 0(0.0) 0(0) 0.182
Statu quo 5(19.2) 1(5.9)
1 13 (52.0) 8 (47.1)
2 8 (32.0) 7(41.2)
3 0(0.0) 1(5.9)
DVAS +2.0[+1.0,4+34] +2.0[+1.2,+3.5] 0.803
Baseline PFT
FEVI (L) 2.0[1.8,2.2] 1.6 [1.3,1.9] 0.029
TLC (L) 4.91[4.4,54] 4.3[3.9,4.9] 0.074
FVC (L) 2.51[2.2,2.8] 4.3[3.9,4.9] 0.054
RV (L) 2.3[1.9,2.6] 4.3[3.9,4.9] 0.502
PFT % improvement
FEV1 (L) +3.5% [— 1.6%,+6.2%] +21.9% [+15.0%,+26.4%] <0.001
TLC (L) +0.4% [— 4.5%,+8.5%] +5.7% [+1.3%,410.6%] 0.13
FVC (L) +4.5% [— 0.9%,4+10.5%] +18.8% [+11.4%,+22.2%] 0.002
RV (L) —1.3% [- 10.9%,+29.2%] +1.0% [-10.0%,+11.9+] 0.619

DVAS dyspnoea visual analogue scale, FEVI forced expiratory volume in one second, FVC forced vital capacity, mMRC Modified Medical
Research Council, PFT pulmonary function test, RV residual volume, TLC total lung capacity

Regarding the other PFT parameters, the increase in FVC
(10.7%, SD 14.6, p <0.0001) demonstrated in this study is
consistent with three of the four previously published studies
that evaluated this parameter [19, 20, 22], which reinforces
the consistency of our results. Zhu et al. found no statis-
tically significant improvement in this parameter, perhaps
because of a lack of power due to a too small population
size [23]. Only two studies described volumes estimated by
plethysmography (TLC and RV). Zhu et al. showed no statis-
tically significant difference between pre- and postoperative
measures, whilst Naoum et al. showed a 4.3% (p =0.008)
improvement in absolute TLC, which is consistent with our
results [22, 23]. Also, as in the present study, no statistically
significant change in RV following surgery was highlighted
in these two studies [22, 23].

The six previously mentioned studies, unlike the pre-
sent study, did not have only patients with preoperative

dyspnoea [18-23]. It was decided in the present study
to include only patients with preoperative dyspnoea to
assess the improvement of this symptom more accurately
and assess whether it can constitute an operative indica-
tion. To our knowledge, there is no previous study that
has shown a statistically significant decrease in dyspnoea
assessed by DVAS and mMRC scale scores after PEH
repair in a dyspnoeic patient population.

Zhu et al., Low et al., and Naoum et al. showed a signif-
icant decrease in dyspnoea after PEH repair but in popula-
tions that did not include only dyspnoeic patients [19, 22,
23]. Furthermore, in those studies, dyspnoea was graded in
four stages or with the NYHA scale, which are less precise
than the DVAS.
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Table 4 Characteristics of

. . > Characteristics n (%) or median [IQR] <2 DVAS improvement >?2 DVAS improvement p-value
patients with and without
significant DVAS improvement Number of patients 19 24
Intrathoracic stomach 58.9 [50.5, 75.2] 66.2 [42.2, 90.8] 0.912
Postoperative complication 0.171
Dindo I 2 (10.5) 1(4.2)
Dindo IT 1(5.3) 0(0.0)
Dindo Illa 2 (10.5) 0(0.0)
Dindo IIb-V 0 (0) 0(0)
Length of stay (days) 4.0[3.0,4.0] 3.0 [3.0, 4.0] 0.108
Baseline dyspnoea scale
mMRC 2.0[2.0,3.0] 2.0[2.0, 3.0] 0.87
DVAS 5.0[4.2,6.0] 6.0 [5.0, 8.0] 0.046
Dyspnoea scale gain
mMRC +1.0[0.0,+1.0] +1.5[+1.0,+2.0] 0.017
Worsening 0(0) 0(0.0) 0.09
statu quo 5(26.3) 14.2)
1 10 (52.6) 11 (45.8)
2 4(21.1) 11 (45.8)
3 0 (0.0 14.2)
DVAS +1.0[0.0,+1.5] +3.3[+2.9,+4.5] <0.001
Baseline PFT
FEV1 (L) 1.9[1.6,2.1] 1.9[1.6,2.9] 0.951
TLC (L) 4.8[4.3,6.4] 451[4.2,5.1] 0.203
FVC (L) 231[22,29] 2.3[2.1,2.6] 0.642
RV (L) 231[2.1,2.8] 2.2[1.9,2.5] 0.276
PFT % improvement
FEV1 (L) +57% [— 0.9%,+16.8%] +8.4% [+4.1%,+17.7%] 0.42
TLC (L) +0.4% [— 3.7%,+8.8%] +6.4% [— 0.3%,+10.6%] 0.179
FVC (L) +8.1% [+4.0%,+18.8%]  +10.7% [+2.9%,+19.8%] 0.807
RV (L) +0.5% [— 12.4%,+37.5%] +0.5% [— 8.7%,+13.0%] 0.961

DVAS dyspnoea visual analogue scale, FEVI forced expiratory volume in one second, FVC forced vital
capacity, mMRC modified medical research council, PFT pulmonary function test, RV residual volume,

TLC total lung capacity

No correlation between FEV1 and dyspnoea
improvement

We did not find any correlation between improvement in
dyspnoea (by DVAS and mMRC) and improvement in
FEV1. Using subgroup analysis, we verified that chronic
anaemia linked to PEH [30], corrected by the reduction
of the herniated stomach and by a possible martial sup-
plementation, was not a factor implicated in these results
[31].

Otherwise, in COPD, it is known that the correlation
between FEV1 and dyspnoea is weak [32]. Moreover, it
is known that improvement of respiratory quality of life
after a rehabilitation programme can be present, although
respiratory functional parameters are unchanged [33]. All
the above would tend to show the absence of a relationship
between PFT parameters and the sensation of dyspnoea in

@ Springer

the COPD example. It could therefore be hypothesized that
this condition might also be true in PEH-related dyspnoea.

Indeed, dyspnoea is a complex subjective symptom, the
causes of which are not solely pulmonary. It can be related
to anaemia, heart diseases, and neuromuscular pathologies
not only affecting the respiratory muscles but also other
muscles and could even be due to a mismatch between
ventilation and perfusion, particularly in obese patients
[34]. In fact, the present study’s population is overweight
(average BMI: 29 kg/m?), which could also possibly
explain this lack of correlation.

Otherwise, one of the main assumptions for this
absence of correlation would be a “care effect”: patients
who have undergone surgery feel better on a general level
and falsely attribute an improvement of their dyspnoea to
the surgery. This encourages further studies investigating
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the correlation between improvements in respiratory
symptoms and digestive quality of life after PEH repair.

Correlation between hernia size and dyspnoea
or respiratory function

In the present study, we did not find any correlation between
the volume of the PEH and preoperative respiratory param-
eters and the improvement of these parameters after surgery.
However, the determination of IS percentage was done in the
most accurate way possible (by volumetric measurements),
which is not the case in the other studies that estimated the
percentage of IS by eye on CT scans or barium swallow
imaging [19-23].

A correlation between respiratory parameters and IS
percentage was nevertheless highlighted in other studies.
Naoum et al. demonstrated a correlation between the IS per-
centage and TLC or FVC but not FEV1 or between the IS
percentage and improvement in PFT parameters [22]. Low
et al. highlighted higher improvements in FEV1 and FVC in
patients with 100% IS when compared to patients with less
than 50% IS [19]. Senyk et al. showed that a higher hernia
diameter was correlated with an abnormal lung ventilation
and perfusion ratio, which could explain dyspnoea [35]. Mil-
ito et al. showed a correlation between PEH size and cardiac
volumes but did not compare it to respiratory parameters
[18]. Other studies have shown the cardiac repercussions
of PEH, which may explain dyspnoea by electrocardio-
graphic abnormalities or compression of the cardiac cham-
bers [36-38]. A first hypothesis explaining this absence of
correlation would be an insufficient statistical power of the
study, preventing the demonstration of whether a correlation
actually exists. Another hypothesis would be that dyspnoea
in patients with PEH is not simply due to the hernia volume
compressing the lung but is related to a more complicated
cause. Firstly, gastroesophageal reflux in HH is known to
be responsible for microaspiration, which cause bronchial
spasms leading to cough, asthma, and dyspnoea [39-41].
Also, according to Senyk et al., dyspnoea could be caused
by a diaphragmatic defect impairing lung expansion and
inducing atelectasis, resulting in poor respiratory function
[35, 42]. Further studies with imaging of the diaphragmatic
course and defect or with PFTs analysing maximum inspira-
tory and expiratory pressures could help us better understand
the cause of dyspnoea in PEH.

Limitations

Our study was single centred, and the operations were per-
formed by only two surgeons, which could partially limit its
external validity.

Also, PFTs and radiological percentage of IS were not
performed in a standardized way regarding meal intake.

@ Springer

In PEH, symptoms (dysphagia, chest pain, and dyspnoea)
are often related to the postprandial period [16]. Thus, the
patient’s prandial status could influence respiratory symp-
toms or PFT results and constitute a bias in the analysis of
the results of this study. Milito et al. performed heart and
stomach volume evaluations before and after a standard meal
of 250 mL yogurt and demonstrated an increase in PEH
volume and a decrease in cardiac cavity volume and ejec-
tion fraction [18]. They also demonstrated that PEH repair
significantly improved FEV1 and FVC, but PFTs were not
performed at a specific time in relation to meals. Further
studies evaluating improvement in respiratory function after
PEH repair in a standardized time related to meal intake are
therefore needed.

Also, it might be interesting to study not only the per-
centage of IS but also the percentage of chest cavity volume
occupied by the hernia in order to really determine the vol-
ume stolen by the stomach from the lung.

A study comparing improvement in quality of life with
improvement in respiratory symptoms after PEH repair
could also provide a better understanding of the origin of
dyspnoea in PEH by possibly highlighting a correlation
between these two conditions.

Conclusion

PEH repair significantly improves dyspnoea and FEV1 in
a population of patients presenting with dyspnoea. Patients
with a low preoperative FEV1 are more likely to show FEV 1
improvement after surgery.
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