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        INTRODUCTION

  Gastroesophageal refl ux disease (GERD) is a common health 

problem that aff ects 10–20% of individuals in Western society 

( 1 ). Antirefl ux surgery (ARS) is indicated for patients with docu-

mented GERD and chronic symptoms refractory to proton-pump 

inhibitors (PPIs) or not willing to take lifelong PPIs. Th e aim of 

ARS is an optimal long-term control of refl ux symptoms and 

refl ux signs, without or with minimal side eff ects.

  Despite improvements in surgical techniques such as laparo-

scopic antirefl ux surgery ( 2,3 ), postoperative complications still 

occur ( 4–9 ). Vagus nerve injury is a well-known complication of 

ARS. Abdominal vagus function cannot be measured or evaluated 

directly. Data on the prevalence of vagus nerve dysfunction aft er 

antirefl ux surgery are therefore based on the presence of symptoms 

such as diarrhea, nausea, and vomiting ( 6,10,11 ). In the past, an 

indirect method has been developed to measure vagus (dys)func-

tion by measuring the response of plasma pancreatic polypeptide 

(PP) secretion to insulin-induced hypoglycemia, the insulin 

hypoglycemia (IH)–PP test ( 12,13 ).

  In a previous study by our group, vagus nerve injury measured 

by the IH-PP test was observed in 10% of GERD patients aft er lap-

aroscopic hemi-fundoplication ( 14 ). In that study, no signifi cant 

diff erences were observed in the short-term postoperative out-

come—that is, symptom control, refl ux recurrence, and delayed 
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gastric emptying between patients with or without vagus nerve 

injury. It should, however, be noted that the number of patients 

in that study ( 14 ) as in other studies assessing vagus nerve injury 

aft er antirefl ux surgery was small, and follow-up of patients was 

only short ( 14–16 ).

  Data on the impact of vagotomy on outcome of antirefl ux sur-

gery have been obtained by Oelschlager  et al.  Th ese investigators 

reported on the eff ect of intended vagus nerve injury on the out-

come of antirefl ux surgery. During a mean follow-up period of 18 

months, vagus nerve damage did not negatively infl uence the out-

come of antirefl ux surgery, nor that of gastric emptying ( 17 ).

  It should be beyond any doubt that vagus nerve dysfunction 

measured by PP response to IH (IH-PP) truly results from injury 

during ARS and not from other causes. Th erefore, the test should 

be performed both before and aft er surgery. Up to now, vagus 

nerve function in ARS has not been systematically and prospec-

tively evaluated in a large cohort.

  Aim of our study was to evaluate both short- and long-term 

impact of vagus nerve injury as evaluated by the IH-PP test on 

refl ux symptoms, refl ux control, and quality of life aft er ARS. 

We hypothesize that ARS-related vagus nerve injury will have a 

negative outcome on symptoms, refl ux control, gastric emptying, 

and quality of life both aft er short- and long-term follow-up. In the 

nineties of the past century, as part of clinical work-up, we pro-

spectively evaluated vagus nerve function by PP response to IH in 

patients undergoing ARS at the Leiden University Medical Center. 

Only data from patients with vagus nerve testing both before and 

aft er ARS have been evaluated. At 6 months aft er surgery, objec-

tive and subjective refl ux parameters were measured. In 2014, a 

follow-up of this prospective cohort for long-term effi  cacy has 

been performed with questionnaires on refl ux symptoms and 

quality of life.

    METHODS

  In the period from 1990 until 2000, out of a larger group, 125 

patients with GERD underwent ARS at the Leiden University 

Medical Centre with detailed evaluation on the eff ect of ARS on 

several parameters. Patients underwent esophageal manometry, 

24-h pH-monitoring, gastric emptying, and vagus nerve integrity 

tests both prior and 6 months aft er surgery as clinical evaluation. 

Symptoms were evaluated using questionnaires. In 2014, up to 25 

years aft er surgery patients were contacted again and two vali-

dated questionnaires evaluating typical and atypical GERD symp-

toms were sent. Of the initial 125 patients 110 were eligible for 

follow-up ( Figure 1 ).

   Operation

  Several surgical procedures were performed as procedure of 

choice from 1990 until 2000. Th e selection of the procedure was 

based on time-dependent surgeon’s preference, not on patient 

characteristics. Initially, in the early nineties, the open Belsey 

Mark IV procedure was standard ( 18 ). Aft er laparoscopic surgery 

became available at the Leiden University Medical Centre in the 

year 1994, the laparoscopic Nissen ( 19 ), and later on the Toupet 

fundoplication ( 20 ), became the procedure of choice based on 

literature data. In all patients, surgery was indicated based on 

documented GERD and symptoms refractory to medical therapy 

including PPIs.

    Short-term follow-up

   24-h pH-monitoring  .     We performed 24-h ambulatory intra-

esophageal pH-monitoring as previously described ( 4 ). Refl ux 

parameters used in this study were the percentage of time with 

a pH level <4 for the total recording time, for time in the up-

right, and the supine position. Abnormal acid exposure time was 

defi ned as the percentage of time with pH<4 for total time ≥4.0%, 

upright time ≥4.4%, and supine time ≥1.2% ( 21 ).

    Esophageal manometry  .     Esophageal body and lower esophageal 

sphincter (LES) pressure recordings were obtained by a polyvinyl 

assembly with a 5-mm outer diameter incorporating a 6-cm-long 

sleeve sensor and seven side holes as described previously ( 9 ). Th e 

outcome variable used in this study was the LES mean pressure 

measured in mm Hg.

    Gastric emptying  .     Gastric emptying was measured using a 

radio nuclide scintigraphy with a dual-isotope method as previ-

ously described ( 14 ). Patients underwent gastric emptying testing 

pre- and postoperatively. Data of gastric emptying for solids were 

analyzed by determining lag phase, gastric emptying, and gastric 

half emptying time. Th e retention for liquids was calculated at 15, 

30, 60, and 90 min. Gastric emptying for solids was considered 

normal if values for lag phase ranged from 13 to 31 min and for 

emptying rate from 36 to 79% per hour. Gastric emptying for solids 

was considered delayed if the emptying rate was <35% per hour.

    Vagus nerve integrity  .     As previously described, vagus nerve in-

tegrity was measured indirectly by the response of PP to insulin-
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 Figure 1 .     Cohort fl ow diagram.        
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induced hypoglycemia ( 14 ). Aft er an overnight fast, patients were 

administered a bolus of 0.1 U/kg of insulin (Actrapid, Novo Nor-

disk Farma BV, Bagsvaerd, Denmark) intravenously. Aft er admin-

istration of insulin, blood samples were drawn at regular intervals 

during 150 min to measure PP and glucose levels. During the fi rst 

90 min, blood was drawn with 10 min time intervals. At 90 min, 

a standard test meal was given to the patients, and blood was 

withdrawn with 15-min intervals up to 150 min. PP levels were 

measured by a specifi c radioimmunoassay, as described previ-

ously ( 22 ). Nadir blood glucose levels in response to administra-

tion of insulin were <2.5 mmol/l in all patients. A peak increment 

in plasma PP≤47 pmol/l was considered to be compatible with 

truncal vagotomy. Cutoff  values calculated for this IH-PP test 

were based on data obtained from patients who underwent inten-

tional vagotomy in comparison to a healthy control group ( 14 ). 

All participants in this study underwent vagus nerve integrity 

testing before and 6 months aft er surgery.

    Symptoms  .     GERD symptoms were scored by a standardized 

symptom questionnaire before and 6 months aft er operation. 

Symptoms included heartburn, dysphagia, diarrhea, sensation of 

fullness, abdominal distention, vomiting, nausea, and belching. 

Severity and frequency of symptoms were combined according 

to a scoring system as shown in  Table 1 .

     Long-term follow-up

  In May 2014, two validated GERD-symptom questionnaires, the 

GERD-Health Related Quality of Life (HRQL) and Gastrointesti-

nal Symptom Rating Scale (GSRS) symptom questionnaire, were 

sent out to the initial cohort.

  We used these quantitative methods to evaluate symptom sever-

ity in GERD. Subjects were asked for severity and frequency of 

gastrointestinal symptoms (burning, bloating, belching, sensation 

of abdominal fullness, nausea, and pain) 14–25 years aft er surgery. 

Th e questionnaires assess typical and atypical GERD symptoms 

and patients’ quality of life. In the GERD-HRQL questionnaire, 

patients were asked to indicate on a scale from 0 to 5 which num-

ber refl ects best the severity of the symptom asked for in the ques-

tion. Th e questionnaire has a minimum score of 0 and a maximum 

score of 45 ( 23 ). Th e GSRS questionnaire has a scale from 0 to 3 

for symptom severity and a scale from 0 to 4 for symptom fre-

quency for every question with a minimum of 0 and maximum 

of 12 points per question ( 24 ). All these questions are anchored 

at the high end with the most negative or lowest intensity feelings 

(e.g., extremely unpleasant, not at all) and with opposing terms 

at the low end (e.g., extremely pleasant, very high and extreme). 

Th e survey also contained questions regarding the use of antirefl ux 

medication postoperatively and on re-operation.

    Statistical analysis

  All data are presented as mean and s.e.m. for normally distributed 

data and as median and interquartiles for abnormally distributed 

data. Comparisons were performed using the Wilcoxon signed-

ranked test, the Mann–Whitney  U  test, the  χ  2  test, and a depend-

ent or an independent  t -test as appropriate.  P <0.05 was regarded 

as signifi cant. All statistical analyses were performed using com-

mercially available computer soft ware (IBM Corp. Released 2012. 

IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY: 

IBM Corp.)

     RESULTS

   Baseline characteristics

  Th e vagus nerve injury group contained 23 patients (11 males, 

mean age 51 (range: 21–77) years, mean follow-up 19 (range: 

14–25) years). Th e vagus nerve intact group consisted of 102 

patients (49 males, mean age 48 (range: 19–73) years, mean follow-

up 19 (range: 14–24) years). Th ere were no statistically signifi cant 

diff erences between these groups with respect to age, gender, and 

duration of follow-up. Before surgery, patients underwent gastric 

emptying testing, esophageal manometry, 24-h pH-monitoring, 

and vagus nerve integrity testing. Preoperative characteristics with 

respect to symptoms, acid exposure time, LES pressure, vagus 

nerve integrity testing, or gastric emptying were not signifi cantly 

diff erent between the vagus nerve injury and the vagus nerve intact 

group. Th e results of the preoperative work-up are listed in  Table 2 .

    Short-term outcome

   Vagus nerve integrity  .     Before surgery, none of the 125 patients 

had evidence of vagus nerve dysfunction. Th e plasma PP peak in-

crease in response to insulin-induced hypoglycemia had a median 

value of 143 (100–193) pmol/l. Aft er surgery the median value in 

the vagus nerve injury group was 17 (5–31) pmol/l compared with 

113 (83–170) pmol/l in the vagus nerve intact group ( Figure 2 ). 

Postoperative plasma PP response was compatible with truncal 

vagotomy (PP peak increase ≤47 pmol/l) in 23 patients. With 

respect to the surgical procedure, 47 patients underwent Nissen 

fundoplication (13% vagus nerve injury), 47 patients underwent 

Toupet hemi-fundoplication (17% vagus nerve injury), and 31 

underwent BM IV fundoplication (29% vagus nerve injury) No 

signifi cant diff erence in the distribution of vagus nerve injury was 

seen among the type of operations. We divided the patient popu-

lation into two groups: one group with and one group without 

vagus nerve injury.

    Gastric emptying  .      Solids 

  Gastric emptying of solids increased signifi cantly aft er ARS for 

patients in the vagus nerve intact group. In the vagus nerve injury 

group, gastric emptying of solids did not change signifi cantly aft er 

 Table 1  .     Grading system to combine severity and frequency of 

refl ux symptoms such as heartburn, fullness, and nausea 

    Severe    Moderate    Mild    Absent  

 Daily  Grade 3  Grade 2  Grade 1  Grade 1 

 Weekly  Grade 2  Grade 1  Grade 1  Grade 1 

 Monthly  Grade 1  Grade 1  Grade 1  Grade 0 

 Infrequent  Grade 0  Grade 0  Grade 0  Grade 0 
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ARS compared with preoperatively. Th e groups were not signifi -

cantly diff erent with respect to emptying parameters in the preop-

erative state; however, aft er ARS lag phase, emptying rate and half 

emptying time were signifi cantly delayed in the patients with vagus 

nerve injury when compared with the vagus nerve intact group 

( Figure 3 ).

   Liquids 

  No diff erences in gastric emptying of liquids were observed 

apart from a minor but statistically signifi cant diff erence in reten-

tion of liquids at 60 and 90 min postoperative between vagus nerve 

injury and vagus nerve intact patients ( Table 2 ).

   24 h pH-monitoring and esophageal manometry 

  ARS signifi cantly reduced acid exposure time and increased the 

mean LES pressure 6 months aft er the procedure ( Table 2 ). No sta-

tistically signifi cant diff erences were found between both groups.

   Refl ux symptoms 

  Prior and 6 months aft er ARS, patients fi lled in a standard symp-

tom questionnaire. Th e prevalence of symptoms aft er ARS was 

higher in the vagus nerve injury group. However, this did not reach 

statistical signifi cance ( Figure 4 ).

     Long-term outcome

   Responders  .     Of the 110 patients who received questionnaires 

via a letter, completed questionnaires were received from 71 

patients (65%). Th irty-four patients did not respond, four cases 

were excluded from the study because of an incorrect address, and 

1 patient did not fi ll out the questionnaires correctly ( Figure 1 ). 

Of these 71 patients, 13 (18%) had vagus nerve injury, and 58 

(82%) had an intact vagus nerve.

    Heartburn—GERD-HRQL  .     For the assessment of refl ux symp-

toms >10 years aft er surgery, the GERD-HRQL questionnaire was 

 Table 2  .     Outcomes of 24-h pH-monitoring, esophageal manometry, and gastric emptying in patients with and without vagus nerve injury 

before and 6 months after antirefl ux surgery 

    Vagus nerve injury    Vagus nerve intact     P    1      P    2   

    Pre    6 months   P   Pre    6 months   P     

  pH monitoring   a   

  Total acid exposure (%)  9.7 (4.2–12.2)  2.0 (0.3–5.6)  <0.01  8.0 (5.2–14.9)  1.1 (0.3–3.3)  <0.001  NS  NS 

  Upright acid exposure time (%)  10.2 (4.2–16.4)  3.0 (0.5–5.0)  <0.01  8.6 (5.8–12.1)  1.3 (0.6–3.6)  <0.001  NS  NS 

  Supine acid exposure time (%)  6.2 (1.7–19.3)  0.0 (0.0–4.6)  0.01  7.1 (1.1–13.9)  0.1 (0.0–1.4)  <0.001  NS  NS 

  Manometry   b   

  Mean LES pressure (mmHg)  11 (9–14)  16 (12–18)  0.01  12 (8–16)  18 (13–22)  <0.001  NS  NS 

  Gastric emptying   c   

  Gastric lag phase (min)  13 (9–17)  11 (7–21)  NS  17 (8–26)  8 (4–14)  <0.001  NS  <0.05 

  Gastric emptying rate (%/h)  38 (27–49)  33 (26–43)  NS  37 (29–45)  47 (38–57)  <0.001  NS  <0.001 

  Gastric half emptying time (min)  84 (75–136)  100 (78–147)  NS  97 (75–120)  69 (58–87)  <0.001  NS  0.001 

  Liquid retention (%) at   c   

  15 min  43 (37–47)  48 (30–54)  NS  53 (40–69)  51 (36–60)  NS  NS  NS 

  30 min  26 (10–37)  28 (21–45)  NS  35 (22–40)  31 (22–38)  NS  NS  NS 

  60 min  13 (2–26)  17 (14–28)  NS  16 (10–22)  14 (9–18)  NS  NS  <0.05 

  90 min  6 (0–14)  13 (8–20)  NS  8 (2–13)  7 (2–11)  NS  NS  <0.01 

 LES, lower esophageal sphincter; NS, not signifi cant. 

  P  1  Comparison of baseline characteristics of both groups.  P  2  comparison of postoperative outcomes of both groups. Presented as median (25–75%). 

   a   pH-monitoring  n =19/63.  

   b   Manometry  n =21/72.  

   c   Gastric emptying  n =13/51.  
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 Figure 2 .     Difference between vagus nerve injury and the vagus nerve in-

tact group 6 months after surgery for the hypoglycemia-induced pancreatic 

polypeptide test. At time 0 min, insulin (0.1 U/kg) was administered.
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intact group, 24 patients (41%) had recommenced taking PPI 

( Table 3 ).

    Re-operation rate  .     Re-operation rate in the vagus nerve injury 

group was signifi cantly higher: 7 of 13 patients (54%) underwent 

re-operation. Th ree patients were operated because of refl ux re-

currence, 3 patients because of dysphagia, and 1 patient had se-

vere gastroparesis for which a BII resection of the stomach was 

performed. In patients without vagus nerve injury, 9 out of 58 

(16%) patients underwent re-operation. Six patients were oper-

ated because of refl ux recurrence, 1 patient because of dysphagia, 

1 because of a slipped fundoplication, and 1 because of a rotated 

fundoplication. Th is diff erence in the re-operation rate between 

the two groups was statistically signifi cant ( Table 3 ). In addition, 

no signifi cant diff erence in distribution of re-operation rate was 

seen among the diff erent type of surgical procedures (Belsey Mark 

IV, laparoscopic Nissen, laparoscopic Toupet).

used. Comparison between groups showed higher scores in the 

vagus nerve injury group ( Table 3 ).

    Dysphagia, regurgitation, gas-bloating, and cough  .     Severity and 

frequency of postoperative dysphagia, regurgitation, gas-bloating, 

and cough were assessed for both groups using the GSRS 

questionnaire. Similar results for all symptoms were shown in 

both groups ( Table 3 ).

    Satisfaction  .     For the assessment of general satisfaction, the GERD-

HRQL was used. Th ree categories for satisfaction, “satisfi ed”, 

“neutral”, and “unsatisfi ed”, were described at the end of the ques-

tionnaire. Of the total group of 71 patients that responded 14–25 

years aft er their antirefl ux surgery, 62% was satisfi ed, 23% was 

neutral, and 15% was unsatisfi ed. In the vagus nerve injury group 

33.3% of patients were satisfi ed, 33.3% neutral and 33.3% unsat-

isfi ed. In the vagus nerve intact group 68% were satisfi ed, 21% 

neutral and 11% unsatisfi ed. A statistical signifi cant diff er-

ence was found between the two groups for the satisfaction rate 

( Table 3 ).

    Proton-pump inhibitor usage  .     Of the 71 patients, 42% ( n =30) 

were using a PPI aft er fundoplication. Th e other 58% ( n =41) 

had not used PPIs since surgery. In the vagus nerve injury 

group, 7 patients (54%) restarted the PPI use; in the vagus nerve 
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 Table 3  .     Long-term outcome of antirefl ux surgery in patients with 

and without vagus nerve injury 

    Vagus nerve 

injury (   n   =13)  

  Vagus nerve 

intact (   n   =58)  

   P   

  GERD-HRQL questionnaire  

  Total score  13 (5–25)  3(0–9)  <0.001 

  Satisfaction rate (%)  33  68  <0.05 

  PPI use (%)  54  41  NS 

 Re-operation rate (%)  54  16  0.007 

  GSRS questionnaire  

  Heartburn  2(0–6)  1(0–3)  NS 

  Regurgitation  1(0–8)  0(0–2)  NS 

  Abdominal distention  3(1–6)  1(0–6)  NS 

  Dysphagia  2(0–5)  1(0–6)  NS 

  Coughing  2(0–6)  2(0–6)  NS 

 HRQL, Health Related Quality of Life; GERD, gastroesophageal refl ux disease; 

GSRS, Gastrointestinal Symptom Rating Scale; NS, not signifi cant; PPI, 

proton-pump inhibitor. 
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      DISCUSSION

  In this short- and long-term follow-up of a prospective cohort, we 

evaluated the impact of vagus nerve injury on refl ux control aft er 

antirefl ux surgery. Th e prevalence of vagus nerve injury tested by 

IH-PP was 20% in patients who underwent ARS. Our short-term 

data (6 months) indicate that symptom control and refl ux control 

were not diff erent among patients with and without vagus nerve 

injury. Postoperative gastric emptying was signifi cantly delayed in 

the vagus nerve injury vs. vagus intact group. Concerning the data 

at 20-year follow-up, a signifi cantly worse outcome with respect 

to heartburn symptoms, satisfaction rate, and re-operation rate 

was seen in patients with vagus nerve injury. Our results indi-

cate that vagus nerve injury during antirefl ux surgery negatively 

aff ects long-term refl ux control.

  Using the IH-PP test, we observed a high prevalence of vagus 

nerve injury aft er ARS. In a previous study, we reported on 

vagus nerve injury aft er partial fundoplication. In that study, 

the prevalence of vagus nerve injury aft er ARS was 10% ( 14 ). It 

should be taken into account that the number of patients in that 

study was much smaller and that we evaluated only one single 

surgical technique and therefore that the study may not give an 

accurate estimate of the prevalence of vagus nerve injury aft er 

ARS in general—that is, aft er all types of ARS. In the present 

study, three diff erent surgical techniques (BM IV, Toupet, and 

Nissen) have been employed and a large group of patients was 

included. In 23 patients, the results were compatible with vagus 

nerve injury: 13% (6/47) in the Nissen group, 18% (8/47) in 

the Toupet group, and 29% (9/31) in the BM IV fundoplication 

group. We did not observe signifi cant diff erences between sur-

gical procedures with respect to the prevalence of vagus nerve 

injury.

  Risk factors for vagus nerve injury aft er ARS have not been 

studied systematically. One may assume that the risk of vagus 

nerve injury is both procedure and surgeon related as operating 

and manipulating near the branches of the vagus nerve may easily 

lead to direct or indirect injury. An intrathoracic approach (BM 

IV) is technically more challenging and therefore more prone 

to vagus nerve injury. As mentioned earlier, we did not observe 

signifi cant diff erences in vagus nerve dysfunction between the 

surgical procedures that have been employed in this study, 

although the percentage of patients with vagus nerve injury aft er 

BM IV was higher than aft er the two other procedures.

  Other factors that potentially may increase a risk of vagus nerve 

injury during ARS include the presence of a large para-esoph-

ageal or axial hiatal hernia, previous abdominal surgery, severe 

esophagitis causing adhesions, poor visibility of the anatomy in the 

gastroesophageal region, anatomical variations of the vagus nerve, 

and limited experience with the procedure of the surgeon. Patients 

included in this study underwent antirefl ux surgery as a primary 

procedure and no para-esophageal hiatal hernia’s were present. 

Furthermore, all patients were operated in a high volume center 

by surgeons experienced with the types of operations employed 

in this study.

  Th e mechanisms by which vagus nerve injury negatively aff ects 

the outcome aft er ARS are not fully understood. Th e vagus nerve is 

known to have an important role in the motor and sensory regula-

tory functions of the esophagus and stomach. Vagus nerve injury 

may impair these functions and thereby lead to upper gastrointes-

tinal symptoms.

  Previous studies have established an association between vagus 

nerve injury aft er ARS and impaired gastric motility, resulting in 

delayed gastric emptying or even gastroparesis ( 25–27 ). In more 

detail, impairment of the gastric accommodation of the proximal 

stomach, hypomotility of the antrum (with loss of trituration and 

retention of solids), and loss of pyloric relaxation (with stasis) have 

been associated with vagotomy and conditions aft er gastric sur-

gery ( 28–34 ).

  Longer retention of food in the stomach leads to higher intra-

gastric pressures and thereby may promote refl ux even in the pres-

ence of a restored esophago-gastric barrier. Recently, Gourcerol 

 et al.  showed that, in GERD patients with delayed gastric emp-

tying, the number of postprandial refl ux events measured with 

pH-impedance monitoring was increased, with a longer bolus 

clearance time and more proximal esophageal extension of the 

refl uxate. Th is was also true for refl ux symptoms in patients with 

delayed gastric emptying compared with patients with normal 

gastric emptying ( 35 ). Rebecchi  et al.  evaluated the association 

between gastric emptying with long-term refl ux control in GERD 

patients aft er ARS. Th ese authors showed that delayed gastric 

emptying was strongly associated with poor refl ux control ( 36 ). 

Taken together, these fi ndings indicate that delayed gastric emp-

tying contributes to GERD and that it may negatively infl uence 

the eff ect of ARS.

  We observed that gastric emptying improved for solids but not 

for liquids aft er ARS in the vagus nerve intact group, whereas it 

remained unchanged both for liquids and solids in the vagus nerve 

injury group at 6 months aft er surgery.

  Delayed gastric emptying is seen in up to 40% of patients with 

GERD ( 37 ). Fundoplication is known to accelerate gastric emp-

tying ( 14,38 ). In ARS, part of the fundus is utilized for creating 

the fundoplication and thereby reducing postprandial gastric 

volume and gastric capacity. Th is results in a higher proximal 

gastric tone and reduces duration of postprandial relaxation of 

the proximal stomach, leading to propulsion of food into the 

antrum with acceleration in gastric emptying ( 38–40 ). Accele-

ration of gastric emptying aft er fundoplication may positively 

infl uence the antirefl ux eff ect of the procedure. Th e delay in 

liquid emptying at 60 and 90 min seen aft er ARS in the vagus 

nerve injury group vs. vagus nerve intact group is not in line 

with literature data. It has been indicated that vagotomy leads to 

a reduction in fundus accommodation and body of the stomach 

and thereby an acceleration of liquid emptying ( 26,41–43 ). In 

our study, testing of solid and liquid gastric emptying was con-

ducted simultaneously, with potential interference of the solid 

and liquid components.

  We confi rmed fi ndings from previous studies and extended 

there upon: vagus nerve injury did not negatively aff ect outcomes 

6 months aft er ARS despite the persistence of delayed gastric 

emptying ( 14,15,17 ). However, during long-term follow-up, a 

worse outcome of refl ux control was found in the vagus nerve 
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 Study Highlights

   WHAT IS CURRENT KNOWLEDGE 

    ✓     Antirefl ux surgery (ARS) is an accepted alternative therapy 
for patients with symptoms refractory to proton-pump 
inhibitors (PPIs) or not willing to take lifelong PPIs. 

   ✓     Vagus nerve injury is a feared complication of ARS that 
may negatively affect refl ux control. 

    WHAT IS NEW HERE 

    ✓     The prevalence of vagus nerve injury after ARS is 20%. 

   ✓     At short-term follow-up, gastric emptying was signifi cantly 
delayed in the vagus nerve injury group vs. the vagus nerve 
intact group. 

   ✓     At short-term follow-up, refl ux control was similar between 
both groups. 

   ✓     Long-term follow-up showed signifi cantly less refl ux control 
and a higher re-operation rate in the vagus nerve injury 
group.   
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injury group. A possible explanation for the diff erence in control 

of refl ux symptoms during short- and long-term follow-up is not 

readily available. One option is that the newly created gastroe-

sophageal valve may gradually lose effi  cacy with respect to its 

refl ux barrier over time ( 44 ). Increasing age with loss of compli-

ance and elasticity of tissue may lead to reduced effi  cacy of the 

gastroesophageal valve.

  Th e re-operation rate diff ered signifi cantly between both 

groups. Over 50% of patients in the vagus nerve injury group have 

been re-operated. Most patients underwent re-operation because 

of recurrence of refl ux. In one patient from the vagus nerve injury 

group, severe gastroparesis had developed. Th is was so debilitat-

ing that a partial resection of the stomach had to be performed. 

Despite high re-operation rates, symptoms associated with GERD 

persisted in this patient group. Th e fi ndings of our study suggest 

that patients who have recurrent refl ux symptoms following ARS 

might benefi t from vagal integrity testing before deciding on addi-

tional treatment, as a normal outcome of gastric emptying test-

ing does not appear to exclude vagal nerve injury. Th erefore, we 

believe careful and objective evaluation of symptoms and meas-

urement of gastric emptying and PP-IH testing aft er ARS is war-

ranted before considering re-operation in these patients.

  Some limitations to this study should be addressed. Th e long-

term symptomatic outcome cannot be directly compared with the 

6-month data because other types of questionnaires were used. 

Furthermore, not all patients underwent all tests such as gastric 

emptying test, esophageal manometry, and 24-h pH-monitoring 

pre- and 6 months aft er surgery.

  Th e strength of our study is the evaluation of vagus nerve inte grity 

by IH-PP measurements both before and aft er fundoplication in all 

125 patients so that we are certain that the outcome of the test when 

pointing to vagus nerve dysfunction was related to the surgical proce-

dure. To our best knowledge, our study is the largest to date reporting 

on vagus nerve dysfunction aft er ARS with long-term results.

  In conclusion: vagus nerve injury occurs in up to 20% of patients 

who undergo antirefl ux surgery. Vagus nerve injury does not neg-

atively aff ect short-term refl ux control 6 months aft er antirefl ux 

surgery. However, long-term follow-up showed a negative eff ect 

on symptom control and a signifi cantly higher re-operation rate in 

patients with vagus nerve injury. Preserving the main trunks of the 

vagus nerve is therefore of utmost importance in order to maintain 

vagus nerve integrity and contribute to refl ux control aft er ARS.
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