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Background: Laparoscopic anti-reflux surgery (LARS) is generally the treatment of choice for patients

with gastroesophageal reflux disease (GERD). This report describes our experiences in performing

LARS on patients with GERD, and focuses retrospectively on the pathophysiology of individual pa-

tients and the current status of Japanese patients who have undergone LARS. We demonstrate that pa-

tients with non-erosive reflux disease resistant to proton pump inhibitors (PPI-resistant NERD) and

high-risk giant hernia, whom we are sometimes hesitant to treat surgically, can be safely and success-

fully treated with LARS (depending on the pathophysiology of individual patients).

Methods: Between January 2007 and June 2015, 37 patients underwent LARS at Nippon Medical School

Hospital. These patients were retrospectively subgrouped according to pathophysiology; 9 of them had

PPI-resistant NERD (Group A), 19 had a giant hiatal hernia (Group B), and 9 had erosive esophagitis

(Group N). Patient characteristics, intraoperative bleeding, operation duration, perioperative complica-

tions, and length of hospital stay were determined, along with symptomatic outcomes and patient satis-

faction.

Results: Patients in Group A were the youngest (average: 43.9 years), and those in Group B were the

oldest (75.9 years) (P=0.002). The percentage of high-risk patients, as determined by performance status

(P=0.047) and American Society of Anesthesiologists physical status classification (P=0.021), was highest

in Group B, whereas the percentage of patients with mental disorders was highest in Group A (P=

0.012). There were no significant differences among the groups in terms of intraoperative bleeding, sur-

gery duration, or postoperative hospital stay. Thirty-three patients (89.2%), including all 19 in Group B,

expressed excellent or good postoperative satisfaction levels.

Conclusions: The characteristics of the patients who underwent LARS at our hospital differed accord-

ing to pathophysiology and from those in western countries. Satisfactory outcomes depended on the

pathophysiology of individual patients. (J Nippon Med Sch 2017; 84: 25―31)
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Introduction

Laparoscopic anti-reflux surgery (LARS) is widely per-

formed as the preferred surgical treatment for gastroe-

sophageal reflux disease (GERD). Esophageal surgeons

have reached a consensus on current indications for

LARS, and these conform to the guidelines of the Society

of American Gastrointestinal and Endoscopic Surgeons

(SAGES)1. The number of patients undergoing LARS at
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our hospital for unusual types of GERD has been increas-

ing. These include patients undergoing LARS for non-

erosive reflux disease (NERD) resistant to proton pump

inhibitors (PPIs), and older patients with mixed-type gi-

ant hernias presenting with aspiration pneumonia or

dysphagia. Because the demographic and clinical charac-

teristics of these patients differ, so too should indications

and operative procedures, which should depend on the

clinical status of individual patients. Concerning this is-

sue, no evident distinctions have been reported, which

has sometimes led to confusion among surgeons and

physicians.

The symptom response rate of patients with NERD

treated once daily with PPI for 4 weeks is reported to be

56%2, which is significantly lower than the response rate

of patients with erosive esophagitis (EE)3. Therefore, sur-

gical treatment is recommended for patients with PPI-

resistant NERD3. This condition cannot be diagnosed

with endoscopy, so combined multichannel intraluminal

impedance (MII)-pH examination is necessary for defini-

tive diagnosis. Patients with giant hiatal hernias have dif-

ferent characteristics from patients with other types of

GERD, in that the former tend to be older and more de-

bilitated.

Herein, we describe our experiences of performing

LARS on patients with unusual types of GERD, and the

current status of Japanese patients who have undergone

LARS. The main aim of this study was to retrospectively

evaluate the patients’ demographic and clinical character-

istics, the results of preoperative examinations, and the

indications for and outcomes of LARS. The secondary

aim was to demonstrate that patients with PPI-resistant

NERD and high-risk giant hernias, whom we are some-

times hesitant to treat surgically, can be safely and suc-

cessfully treated with LARS, depending on the patho-

physiology of individual patients.

Patients and Methods

All procedures were in accordance with the ethical stan-

dards of the relevant committees on human experimenta-

tion (institutional and national) and with the Helsinki

Declaration of 1964 and later versions. Informed consent

was obtained from all patients involved.

Between January 2007 and June 2015, 37 patients (17

men and 20 women, mean age 66.7 years) underwent

LARS at Nippon Medical School Hospital. These patients

were retrospectively subgrouped according to patho-

physiology. Nine patients (5 men and 4 women, mean

age 48.1 years) had PPI-resistant NERD (Group A), 19 (6

men and 13 women, mean age 76.2 years) had giant hia-

tal hernias (Group B), and 9 (6 men and 3 women, mean

age 65.0 years) had ordinary GERD with erosive esoph-

agitis (EE) (Group N). We used barium swallow, abdomi-

nal computed tomography (CT), and endoscopy to diag-

nose hiatal hernias, and barium swallow and CT to diag-

nose Giant hernias with at least 30% of the stomach in-

tussuscepted in the chest4. When hiatal hernias could not

be identified by abdominal CT or barium swallow, we

determined whether hiatal hernias >2 cm could be diag-

nosed by endoscopy. With type III hernias, it is difficult

to measure the sliding component by endoscopy, so we

used CT to measure the paraesophageal component as

the distance from the hiatus to the top of the fundus. Op-

erative indications in Group A were determined by MII-

pH monitoring; specific indications for LARS included a

positive (>50%) symptom index5, extreme adverse impact

on quality of life, and desire for surgery3. Esophageal

manometry was performed with a 21-channel manomet-

ric assembly (Dentsleeve, Wayville, SA, Australia)6. Indi-

cations for LARS in Group B consisted of diagnosis of

any symptom caused by a giant hiatal hernia, such as

dysphagia or aspiration pneumonia, even in older and

high-risk patients. Indications for LARS in Group N were

based on SAGES guidelines1.

Regarding surgical treatment, Nissen fundoplication

was adopted as an initial anti-reflux procedure. Thereaf-

ter, Toupet fundoplication was used, because it reduces

postoperative dysphagia better than Nissen fundoplica-

tion7. Crural repair was not performed in Groups A or N

if the hiatus did not widen during the operation. In

Group B, cruroplasty and hernia sac removal was per-

formed in all cases.

Study Endpoint

The study endpoint was to clarify the differences in

clinical characteristics, symptoms, methods of examina-

tion, and surgical procedures and outcomes among the

three groups. Objective assessments included demo-

graphic and clinical characteristics, intraoperative bleed-

ing, duration of surgery, perioperative complications, and

length of hospital stay. Subjective assessments included

dysphagia, heartburn and other symptoms, as well as pa-

tient satisfaction. The efficacy of LARS was evaluated by

postoperatively interviewing all patients about symptom

improvement, with improvement graded as excellent,

good, fair, or poor. Our assessment showed that patients

with PPI-resistant NERD and high-risk giant hernias,

whom we are sometimes hesitant to treat surgically,

should, like patients with GERD, be treated with LARS.
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Table　1　Demographic characteristics of the 3 groups of patients

Group A 
(n=9) 

Group B
 (n=19) 

Group N 
(n=9) 

p value

Age (median, IQR in years) 43, 9 75, 9 70, 17 0.002 a

Gender (Male/Female) 5/4 6/13 6/3 0.176 b

BMI (median, IQR kg/m2) 20.1, 4.0 24.0, 5.2 24.3, 2.0 0.328 a

Preoperative performance status 0.047 b

PS 0 8  3 4

PS 1 1  9 3

PS 2 0  3 0

PS 3 0  1 1

PS 4 0  3 1

Gibbus 0/9 4/19 0/9  0.12 b

ASA-PS Classification 0.021 b

ASA 1 4  0 1

ASA 2 5 15 7

ASA 3 0  4 1

Emergency operation 0/9 7/19 2/9 0.104 b

Mental disorder 0.012 b

none 3 17 7

depression 5  0 1

Schizophrenia 0  1 1

Panic disorder 1  0 0

Dementia 0  1 0

Previous abdominal operation 3/9 1/19 1/9 0.124 b

Preoperative hospital stay (median, IQR days) 2, 1 2, 20 2, 1 0.048 a

a Kruskal-Wallis test; b Pearson’s χ2 test

Abbreviations: BMI, body mass index; PS, performance status; ASA, American Society of Anesthesiologists 

physical status classification; IQR, interquartile range

Statistical Analyses

Data are presented as median and interquartile ranges.

Where appropriate, Pearson’s χ2 and Kruskal-Wallis tests

were used for comparisons. A P value <0.05 was consid-

ered statistically significant. All statistical analyses were

performed with SPSS version 20.0 (SPSS, Chicago, IL,

USA).

Results

Table 1 shows the demographic characteristics of the 3

patient groups. The patients in Group A (43.9 years) were

the youngest, and those in Group B (75.9 years) were the

oldest (P=0.002). The percentages of high-risk patients, as

determined by performance status (PS) (P=0.047) and

American Society of Anesthesiologists (ASA) physical

status classification (P=0.021), were highest in Group B.

Seven patients in this group required immediate hospi-

talization for dysphagia, aspiration pneumonia or general

wasting, whereas 2 patients in Group N required imme-

diate hospitalization for aspiration pneumonia. Preopera-

tive hospital stay was significantly longer in Groups B

and N than in Group A (P=0.048). The percentage of pa-

tients with mental disorders was significantly higher in

Group A than in the other 2 groups (P=0.012), with so-

matic complaints and mental symptoms, including in-

somnia, depression and panic disorder, observed.

Table 2 shows the results of preoperative examinations

and patient symptoms. In Group B, all the patients had

type III hernias with sliding and paraesophageal compo-

nents. In Group A, no patients were diagnosed endo-

scopically with hiatal hernias. In Group N, 6 patients had

sliding type hiatal hernias >2 cm diagnosed endoscopi-

cally. Objective factors determining the need for LARS in

Groups A and B were the results of MII-pH monitoring

and abdominal CT, respectively. EE was observed in all 9

patients in Group N and in 9 of 19 in Group B.

The most frequently observed subjective symptom in

Group B was dysphagia, with 7 of the 19 patients requir-

ing emergency surgery. In contrast, heartburn and chest

pain were predominant in Group A, whereas patients in

Group N manifested a variety of symptoms (P<0.001).

Anti-reflux procedures in Group A included Nissen
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Table　2　Results of preoperative examinations and patients’ symptoms

Group A 
(n=9) 

Group B 
(n=19) 

Group N 
(n=9) 

p value

Objetive factors (Examination) 

　　The Los Angeles classification 0.004 b

Grade N 9 10 0

Grade A 0  6 6

Grade B 0  3 1

Grade C 0  0 1

Grade D 0  0 1

　　Hernia size <0.001 b

<2 cm 9  0 3

2 to <5 cm 0  0 5

≥5 cm 0 19 1

Subjective factors (Chief symptom) <0.001 b

　　Dysphagia 0 16 0

　　Regurgitation, Pneumonia 0  2 4

　　Heartburn, Chest pain 8  1 4

　　Belch 1  0 1

b Pearson’s χ2 test

Abbreviations: CT, computed tomography; LA, Los Angeles classification

fundoplication in 5 patients and Toupet fundoplication in

4. Anti-reflux procedures in Group N included Nissen

fundoplication in 1 patient, Toupet fundoplication in 7

and Dor fundoplication in 1. LARS in Group B patients

included cruroplasty as well as fundoplication. After the

incarcerated organ was repositioned, the weakened hia-

tus was repaired prior to fundoplication. Cruroplasty re-

inforcement required prosthetic mesh in 13 patients,

whereas the other 6 required only simple closure of the

hiatus (Table 3).

There were no significant differences among the 3

groups in intraoperative bleeding or duration of surgery.

None of the patients was switched to open surgery or ex-

perienced any critical postoperative complications, and

postoperative hospital stay was similar in the 3 groups

(Table 4). Rates of postoperative dysphagia were compa-

rable in the 3 groups, but no patient complained of long-

standing severe dysphagia. Of the 37 patients, 33 (89.2%),

including all 19 in Group B, reported excellent or good

postoperative satisfaction levels. Patients in Group B ex-

perienced resolution of symptoms, allowing oral intake

and discharge from the hospital. For PPI medication be-

fore and after the operation, there were no significant dif-

ferences among the 3 groups.

Discussion

We analyzed the characteristics of patients who under-

went LARS at our hospital, subgrouped by pathophysiol-

ogy. Although the total number of patients was small, the

characteristics of the 3 groups showed definite tenden-

cies. The patients in Group B were significantly older

(median age, 75.9 years) than those in the other 2 groups,

as well as being older than patients in western countries

who undergo surgery for giant hiatal hernias (mean age,

59―72 years)8―10,11. LARS is less frequently performed in Ja-

pan than in western countries, with <200 patients per

year in Japan undergoing this operation12, the main rea-

sons being that severe esophagitis is uncommon in Ja-

pan13 and that Japanese surgeons are not yet accustomed

to performing LARS. Thus, Japanese patients generally

undergo this operation only after the disease has pro-

gressed significantly, whereas western patients may un-

dergo surgery during earlier stages of the disease.

The patients in Group A were significantly younger

than those in the other 2 groups, but were similar in age

to patients in other Japanese studies of NERD14―16. Al-

though epidemiological studies do not show any age-

related increase in the prevalence of GERD symptoms,

the real prevalence of GERD may well increase with

age17. The pathophysiology of NERD includes hypersensi-

tivity in the proximal esophagus, with symptoms possi-

bly caused by increases in reflux volumes, which cause

distension and defects of secondary peristalsis18. This

pathophysiology might be unaffected by aging.

A meta-analysis of 20 studies reported a positive asso-

ciation between increased body mass index (BMI) and
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Table　3　Characteristics of surgical treatments

Group A 
(n=9) 

Group B 
(n=19) 

Group N 
(n=9) 

p value

Fundplication 0.137 b

 (Nissen/Toupet/Dor) 5 / 4 / 0 3 / 15 / 1 1 / 7 / 1

Crural repair <0.001 b

 (None/simple closure/mesh use) 9 / 0 / 0 0 / 6 / 13 4 / 4 / 1

b Pearson’s χ2 test

Table　4　Objective and symptomatic outcomes after the operation

Group A 
(n=9) 

Group B 
(n=19) 

Group N 
(n=9) 

p value

Surgery duration (median, IQR min) 181, 33 193, 60 197, 27 0.428 a

Amount of bleeding (median, IQR mL) 5, 14 5, 20 10, 25 0.839 a

Postoperative stay (median, IQR day) 7, 1 7.0, 1.8 7.0, 0.5 0.528 a

Postoperative dysphagia (n) 0.623 b

None/Mild 7 12 7

Moderate 2  7 2

Severe 0  0 0

Patient satisfaction (n) 0.113 b

Excellent/good 7 19 7

Fare 2  0 1

Poor 0  0 1

PPI medication (%) 0.051 b

Before operation 66.7 73.7 100

After operation 22.2 21.1 22.2

a Kruskal-Wallis test; b Pearson’s χ2 test

Abbreviations: IQR, interquartile range; PPI, proton pump inhibitor

the presence of GERD in the US19. Furthermore, the

prevalence of a defective lower esophageal sphincter

(LES) was reported to be higher in patients with higher

BMI, with obese patients being more than twice as likely

as normal weight patients to have a mechanically defec-

tive LES20. The mean BMI of our patients was within nor-

mal limits, which is consistent with previous reports

about Japanese patients with GERD15,16. Thus, despite the

generally accepted role of obesity in the pathophysiology

of GERD, it would appear that it is not caused by obesity

alone and that more complicated mechanisms are in-

volved.

LARS for paraesophageal hiatal hernias is a challeng-

ing procedure21,22, with most patients being older indi-

viduals with a higher risk of postoperative complica-

tions11,23,24. Accordingly, LARS for these patients is associ-

ated with higher mortality and morbidity rates than

LARS for non-elderly GERD patients23,25. In our study, the

patients in Group B had lower preoperative PS and ASA

scores, and longer preoperative hospital stays because of

dysphagia, aspiration pneumonia, and general debility

than the patients in the other groups; these results are

consistent with those of previous studies. In contrast,

none of the patients in any group experienced serious

complications, and intraoperative bleeding, duration of

surgery, and postoperative hospital stay were comparable

in the 3 patient groups. Postoperative satisfaction level

was good or excellent in all Group B patients, as oral in-

gestion became possible after surgery. These excellent

outcomes in patients with giant hiatal hernias suggest

that LARS is safe and effective, even for older patients

and those with other diseases. LARS should be aggres-

sively performed if it is expected to improve patient con-

dition.

The surgical procedure is still controversial, especially

fundoplication. However, dysphagia and inability to

belch are more common after laparoscopic Nissen fun-

doplication than after Toupet fundoplication26. It is im-

portant to balance the anti-reflux efficacy of surgery with

the extent of postoperative dysphagia in selecting the
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fundoplication procedure. Tan et al. reported in a com-

parative meta-analysis of Nissen and Toupet fundoplica-

tion that although postoperative satisfaction in the 2

groups was comparable, the latter experienced a lower

occurrence of postoperative dysphagia27. In the past, we

initially selected the fundoplication method according to

the manometry findings. However, in the present study,

in consideration of the above-mentioned reports, we used

only Toupet fundoplication. It is important to prevent

postoperative dysphagia that might cause aspiration

pneumonia, so we paid careful attention to the possibil-

ity of stenosis after fundoplication, carrying out endo-

scopic examinations of the lumen of the esophagus in-

traoperatively, especially in the frail elderly patients of

Group B.

Caution should be exercised in performing LARS on

patients with PPI-resistant NERD. Although MII-pH

monitoring is essential for diagnosis of this disease, the

concept of PPI-resistant NERD is not well known, even

among physicians in Japan. Accordingly, many patients

are diagnosed and treated incorrectly, resulting in no im-

provement or worsening of symptoms3. Our study also

found a higher percentage of patients with mental disor-

ders in Group A than in the other groups. These patients’

complaints were exacerbated by NERD symptoms as

well as anxiety. Despite these drawbacks, LARS outcomes

in Group A were comparable with those in the other 2

groups. Good outcomes in Group A likely resulted from

the strict indications for LARS of PPI-resistant NERD pa-

tients at our hospital.

GERD was evaluated preoperatively by MII-pH moni-

toring only in Group A. In contrast, reflux status was not

evaluated in Groups B and N. MII-pH monitoring or

esophageal manometry was difficult in patients with gi-

ant hiatal hernias (Group B) because of the technical im-

possibility of properly placing the catheter in the esopha-

gus, especially in emergency patients. Accordingly, deci-

sions for surgery were based on the results of CT, endo-

scopy, and especially, patient symptoms. LARS in Group

N patients was performed when EE was observed on en-

doscopy and patient status met SAGES guidelines1. Ide-

ally, reflux status in all patients should have been as-

sessed by MII-pH monitoring; however, except for pa-

tients with NERD, preoperative MII-pH monitoring is

not essential in deciding whether to perform surgery.

Regarding PPI medication, there were no differences

among the 3 groups. Lodrup et al. reported that 5-, 10-

and 15-year risks of redeeming index PPI prescriptions

were 57.5%, 72.4% and 82.6%, respectively28. There were

not as many patients who needed PPIs in our study;

however, we also observed an increased risk of the need

of PPIs over time. This would result in declining future

satisfaction levels, so we think we should monitor our

patients on a long-term basis.

One important limitation of this study was the small

number of patients, especially when compared with stud-

ies from western countries. However, LARS is performed

less frequently in Japan, especially in patients with PPI-

resistant NERD, making it difficult to enroll large num-

bers of patients in these groups. Evaluation of additional

patients, including multicenter studies, is needed to de-

termine the characteristics and surgical outcomes of

LARS in Japanese patients.

In conclusion, the characteristics of patients who un-

derwent LARS at our hospital differed according to their

pathophysiology, and also from those of western pa-

tients. Laparoscopic surgery for giant hiatal hernias,

which is regarded as a challenging procedure, resulted in

satisfactory outcomes despite unfavorable preoperative

conditions. We attribute this to our policy of selecting

Toupet fundoplication to prevent postoperative

dysphagia that might cause aspiration pneumonia, espe-

cially in frail elderly patients. Patients with PPI-resistant

NERD were younger and had a higher preoperative

prevalence of mental disturbance. Good outcomes in

these patients likely resulted from the strict indications

for LARS. Overall, LARS was useful in the treatment of

GERD patients at our hospital, but we believe determin-

ing the pathophysiology of individual patients is essen-

tial for satisfactory outcomes.
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