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Does Nissen fundoplication improve deglutition in children?
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A prospective study was performed to evaluate the effect of Nissen 
fundoplication (NF) on deglutition in children. Children who underwent NF 
between 2011-2015 were evaluated for demographic features, clinical findings, 
diagnostic methods for gastroesophageal reflux (GER) and indications for NF. 
Penetration aspiration scale (PAS), functional oral intake scale (FOIS) and 
esophageal functions were evaluated by videoflouroscopy (VFS). Preoperative 
and postoperative VFS findings were compared to evaluate the effect of NF on 
clinical findings and deglutition. Twenty-three children with a mean age of 5.08 
± 3.7 years were included. Female to male ratio was 15:8. Recurrent respiratory 
infections (RTI) (n: 14, 60.8%), swallowing dysfunction (n:13, 56.5%) and 
vomiting (n:10, 43.4%) were the most common symptoms. Preoperatively GER 
was diagnosed with barium swallowing study (BSS) contrast graphs (n:20, 
87%) and with 24-hour esophageal pH monitorization (n:8, 34.8%). In 39.1% 
of patients, medical treatment for GER was used with a mean duration of 8 
± 5.8 months. Indications for NF were swallowing dysfunction (n: 18, 78%), 
GER complications (n:6, 26%), associated anatomical problems (n:4, 17.3%) 
and unresponsiveness to medical treatment (n: 3, 13%). Postoperative barium 
swallowing study and 24-hour esophageal pH monitorization showed no GER 
after NF in 95% of patients. Number of RTI were significantly decreased 
after NF (preoperative vs postoperative infection rate 4.21 vs 1.6 respectively, 
p<0.05). VFS findings showed that PAS was significantly decreased after NF 
during both liquid and semi-liquid swallowing (p<0.05). After NF, upper 
esophageal opening (UEO) was decreased when compared to preoperative 
VFS findings (p<0.05 Esophageal cleaning, esophageal motility, esophageal 
backflow and lower esophageal sphincter narrowing did not alter after NF 
(p>0.05). FOIS were significantly improved after NF (p<0.05). VFS findings 
showed that penetration and aspiration were significantly decreased after NF 
and children had less RTI. Although, esophageal motility evaluated by VFS did 
not changed after NF, functional oral intake significantly improved in children. 
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Nissen fundoplication (NF) is a common 
surg i ca l  p rocedure  in  ch i ld ren  wi th 
gastroesophageal reflux disease (GERD) and 
swallowing dysfunction. Dysphagia is a common 
complication of antireflux surgery in the 
early postoperative period resulting from 
tight or twisted fundoplication, paraesophegal 
herniation and hiatal stenosis1. Although, 

several studies have evaluated the effect of NF 
on esophageal motility, none of the symptom 
associated indices and motility studies prior to 
surgery are able to predict the post-operative 
improvement or complications2. Myers et al3. 
adopted a new dysphagia score to evaluate 
pharyngeal bolus clearance and aspiration 
risk after fundoplication3. Although this is a 
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highly sensitive method to predict postoperative 
dysphagia, it requires manometric intervention. 

Videofluoroscopy (VFS) is a dynamic method 
investigating oral, pharyngeal and esophageal 
phases of swallowing in children. It is easy 
to perform and well tolerated by children. In 
addition to physiologic phases of deglutition, 
VFS gives an idea about aspiration and bolus 
passage of food along the esophageal body 
during the examination. In order to evaluate 
the effects of NF on deglutitive functions, 
preoperative and postoperative swallowing 
functions of children were investigated by 
VFS. In addition to VFS findings, penetration 
aspiration (PAS) and functional oral intake 
scales (FOIS) were compared before and after 
antireflux surgery4.

Material and Methods 

Children who underwent NF between 2011-
2015 were evaluated for demographic features, 
clinical findings, diagnostic methods for 
gastroesophageal reflux (GER) and indications 

for NF, retrospectively. Patients who had VFS 
before and after NF were included. Children 
with esophageal stricture were excluded 
from the study. Penetration aspiration scale 
(PAS), functional oral intake scale (FOIS) 
and esophageal functions were evaluated by 
videoflouroscopy (VFS). Parameters of VFS, 
PAS and FOIS are shown in Tables I to III, 
respectively. 

Surgical technique of NF includes dividing 
short gastric vessels and performing a 2-3 cm 
floppy wrap over 30-48 Fr bougie. Hiatal closure 
was performed in patients with wide hiatal 
opening. Postoperative evaluations including 
upper GI studies, pH metry and VFS were 
performed 3 months after fundoplication. PAS 
and FOIS scales were also evaluated 3 months 
after surgery. The results of preoperative and 
postoperative VFS, PAS and FOIS findings 
were compared to evaluate the effect of NF 
on clinical findings and deglutition. 

Videofluoroscopic evaluation

   Upper esophageal sphincter opening

0  Relatively straight edges through the segment with no appreciable narrowing from 
 pharynx to proximal esophagus

1  Partial distention / partial duration with partial obstruction to flow while maintaining 
 opening long enough for most of the bolus to pass 

2  Minimal distention /minimal duration with marked obstruction resulting in resistance 
 to bolus passage

3  Absence of UES opening and no bolus clearance

   Esophageal clearance

0  Complete esophageal clearance

1  Mild to distal esophageal retention

2  Mild to distal esophageal retention with retrograde flow below the UES

3  Esophageal retention with retrograde flow through the UES

4  Minimal to no esophageal clearance

   Esophageal motility problem

Yes  

No  

      Esophago-pharyngeal  back  flow

Yes  

No  

      Lower  esophageal  sphincter  narrowing

Yes  

No  

Table I. Parameters of Videoflouroscopy.

UES: Upper esophageal sphincter

Scale
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Videofluoroscopy is  known to be the 
basic method for the investigation of the 
deglutitive functions. Oral, pharyngeal and 
esophageal phases of deglutition are evaluated 
with different consistencies of food in this 
procedure4. We performed liquid (1-3-5-10-20 
ml of barium), pudding (3-5-10 ml of barium 
with pudding) and solid (5-10 ml of barium 
with biscuit) barium tests, and used the 5 
ml volume results for the analysis, since this 
amount provides more effective evaluation of 
swallowing physiology. The parameters for the 
three phases of deglutition were analyzed and 
scored with a 0-3 point scale (Table I). 

The penetration-aspiration scale (PAS) was 

also used in the evaluation of VFS findings, 
and the score of 1-2 defined ‘no penetration 
and aspiration’, 3-6 ‘penetration’, and 7-8 
‘aspiration’ (Table II)4.

Evaluation of FOIS 

The FOIS pediatric scale was adopted by Crary 
and collugues form an existing adult tool5. It 
is a 7-point ordinal scale that documents the 
functional intake of food and liquid in patients 
(Table III)5.

Statistical Analysis and Ethics

The results were analyzed with SPSS 15.0. Non 
parametric two-related sampled test were used 
to compare the preoperative and postoperative 

Scale

No penetration and aspiration

1  No contrast in the airway

2  Contrast at the supraglottic level, no contrast residue

3 Penetration  Contrast at the supraglottic level, visible contrast residue

4  Contrast at the level of glottis, no contrast residue

5  Contrast at the level of glottis, visible contrast residue

6  Contrast at the subglottic level, no contrast residue

7 Aspiration  Contrast at the subglottic level, visible contrast residue despite
 the response of the patient

8  Contrast at the subglottic level, visible contrast residue with no 
 response of the patient

Table II. Parameters of Penetration Aspiration Scale.

Fig. 1. Aspiration of liquids in preoperative videofluoroscopy (a) and improved after Nissen 
fundoplication (b).
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results. The p values less than 0.05 were 
considered to be significant. 

The study was approved by Local Ethical 
Committee (HU 2014/ 6916).

Results

Twenty-three children with a mean age of 5.08 
± 3.7 years were included. Female male ratio 
was 15:8. 78% of patients had neurological 
impairment. Recurrent respiratory infections 
(RTI) (n: 14, 60.8%), swallowing dysfunction 
(n:13, 56.5%) and vomiting (n:10, 43.4%) 
were the most common symptoms (Table 
IV). More than two symptoms was existing 

in 47% (n:11) of patients. Preoperatively 
GER was diagnosed with BSS (n:20, 87%) 
and with pH metry (n:8, 34.8%). In 39.1% 
of patients, medical treatment for GER was 
used with a mean duration of 8 ± 5.8 months. 
Indications for NF were listed in Table IV. 
Postoperative UGI studies and pH metry 
showed no GER after NF in 95% of patients. 
No distal esophageal narrowing was detected at 
postoperative UGI series. Number of RTI were 
significantly decreased after NF (preoperative vs 
postoperative infection rate per year was 4.21 
vs 1.6 respectively, p<0.05). Comparison of 
VFS, PAS and FOIS are also listed in Table V. 

Scale 

1  No oral intake

2  Tube dependence with minimal /inconsistent oral intake

3  Tube supplements with consistent oral intake

4  Total intake of a single consistency 

5  Total oral intake of multiple consistencies requiring special preparation 

6  Total oral intake with no special preparation, but must avoid specific foods and 
 liquid items

7  Total oral intake with no restrictions

Table III. Parameters of Functional Oral Intake Scale.

Features Results

Age (year) 5.08 ± 3.7

Gender (Female : Male) 15:8

Symptoms n (%)

  Recurrent respiratory infection Swallowing 
  Vomiting 

14(60.8%)

13(56.4%)
10(43.4%)

Preoperative GER diagnosis Upper GI contrast graphy 
  pH metry

 20(87%)
 8(34.8%)

Patients that received medical treatment for GER, n (%) 9(39.1%) 

Duration of medical treatment (month) 8 ± 5.7*

Indications of NF; n (%)
  Swallowing dysfunction with GER 
  GER complications 
  Associated anatomical problems 
  Unresponsiveness to medical treatment

 
18(78%)
6(26%)
4(17.3%)
3(13%)

Postoperative GER, n (%) 5% 

Table IV. Demographic Features of Patients (n=23).

*Mean and standard deviation GER: gastroesophageal reflux, NF: Nissen fundoplication



Although esophageal motility parameters such 
as esophageal cleaning, esophageal peristalsis, 
esophageal backflow and lower esophageal 
sphincter narrowing did not alter after NF 
(p>0.05), upper esophageal opening (UEO) 
was significantly decreased when compared to 
preoperative VFS findings (p<0.05). 

Figure 1 shows aspiration of liquids in 
preoperative VFS and improved after NF. 

Discussion

Postoperative dysphagia (PD) is a common 
complication after antireflux surgery and has 
been reported with an incidence of 24% in 
pediatric population6. Most of the symptoms 
occur in the first 6 weeks after surgery and 
usually subsides within few weeks. Temporary 
dysphagia may be attributable to esophageal 
edema, stretching or temporary hypomotility7. 
PD persists in only 7% of patients beyond a year 
after NF8. Severe PD are mainly related with 
anatomical problems including tight, twisted 
or slipped fundoplication, paraesophageal 
herniation and hiatal stenosis1. 

When patients with an esophageal stricture 
are excluded, preoperative dysphagia occurs in 
20-50% of cases before antireflux surgery and 
may improve after fundoplication. However, it 
has been reported that preoperative dysphagia 
worsened in 2-14% of cases9-10. Preoperative 
motility studies including pH metry, esophageal 

impedance and manometry was performed 
to predict postoperative improvement and 
complications after NF in children. However, 
no objective method has been defined to 
identify who are more likely to respond 
well to NF and no diagnostic tool has been 
found effective to predict PD preoperatively. 
Based on pH-impedance studies, the mean 
number of GER episodes, acid exposure, and 
impedance baseline values were significantly 
reduced after surgery11. However, none of 
them were able to predict occurrence of PD 
after surgery. In adults, esophageal manometry 
findings such as preoperative decreased 
lower esophageal sphincter (LES) resting 
pressures, residual LES relaxation, intrabolus 
pressures and distal peristaltic amplitudes 
are considered as poor predictors of PD12,13. 
Recently, Myers et al.3 introduced automated 
impedance manometry (AIM) which integrates 
pressure and impedance measurements and 
developed dysphagia risk index which is highly 
sensitive to predict new-onset dysphagia after 
antireflux surgery3. Although AIM is a highly 
sensitive method, it requires manometric 
intervention and patient consistence. VFS is 
a dynamic method investigating all phases 
of swallowing in children. It also gives an 
idea about aspiration and bolus passage of 
food along the esophageal body during the 
examination. In order to evaluate the effect of 
NF on deglutitive functions, we performed VFS 

Parameter Preoperative
(median levels)

Postoperative
(median levels)

p values

 VFS

 UES opening 0 (0-3 0 (0-3 p=0.02*

 Esophageal clearance 2 (0-2) 1 (0-3) > 0.05

 Motility problem 1 (0-1) 1 (0-1) > 0.05

 Esophago-
 pharyngeal back-flow

1 (0-1) 1 (0-1) > 0.05

 LES narrowing 0 (0-1) 0 (0-1) > 0.05

 PAS

 PAS for liquids 8 (1-8) 7 (1-8) p=0.01*

 PAS for semi-liquids 5 (1-8) 1 (1-8) p=0.015*

 FOIS

 FOIS 1 (1-7) 3 (1-7)  p=0.03*

 Frequency of RTI 4 (0-12) 1 (0-6) p=0.01*

Table V. Comparison of Preoperative and Postoperative VFS, PAS and FOIS.

(* p< 0.05).
VFS: videofluoroscopy, PAS: penetration aspiration, FOIS: functional oral intake scales, UES: upper esophageal 
sphincter, RTI: respiratory tract infection
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before and after NF and compare the results 
of patients. Since, results of motility studies 
are variable and rarely reliable in children, VFS 
evaluation enables to evaluate the physiologic 
swallowing function. 

In our study, half of our patients had swallowing 
problems prior to NF and 78% had neurologic 
impairment. Esophageal motility parameters 
such as esophageal cleaning, esophageal 
peristalsis, esophageal backflow and lower 
esophageal sphincter narrowing did not alter 
after NF in our patients. Postoperative upper 
GI studies also confirmed that there was no 
distal esophageal narrowing due to tight wrap. 
The only VFS finding which showed significant 
difference after NF was UEO. The mean UEO 
scores were significantly decreased after NF. 
These results suggest that upper esophageal 
sphincter opening is better after NF and 
there is less food retention in the proximal 
esophagus. Although, the mechanism of this 
finding is unclear, we speculate that better 
esophageal bolus passage in the proximal 
esophagus can be explained by decreased reflux 
episodes. Less food retention in the upper 
esophageal sphincter may also suggest less 
airway penetration and aspiration in children 
after NF. Baigrie et al.14 reported a prospective 
study and found that incidence of dysphagia 
was not increased in patients with preoperative 
esophageal hypomotility. Although preoperative 
esophageal hypomotility was not evaluated 
in this study, we suggest that better VFS 
results after NF can be attributed to possible 
motility problems in our group of patients 
with neurologic problems. 

RTI is a common complication of GERD in 
children with neurologic impairment and 
considered as an indication for antireflux 
surgery. Retrospective studies demonstrate 
that fundoplication is responsible for relief in 
respiratory symptoms in 45% of patients15. 
In our series of patients the mean frequency 
of RTI was 4/year before NF and decreased 
to one per year after fundoplication. Also, 
PAS were significantly decreased after NF 
both for liquids and semi-liquids. Since 95% 
of patients did no show GER findings in 
postoperative UGI and 24-hour pH studies, 
we suggest that decreased penetration and 
aspiration can be explained by decreased reflux 
episodes. It has been suggested that NF is more 

effective for resolution of digestive symptoms 
than respiratory functions15. Decreased risk 
of aspiration may be responsible for better 
respiratory functions after fundoplication. 

Improvement in functional oral intake is an 
important goal for neurologically impaired 
children. Children needing feeding gastrostomy 
may also require NF for underlying GERD or 
possible GER development after gastrostomy. 
FOIS is used to document functional oral 
food intake in children. The mean FOIS in 
our patients significantly improved after NF. 
Patients with swallowing dysfunction before NF 
had better results than patients who underwent 
NF for other indications. Although, none of 
the previous studies including our results 
confirmed better esophageal motility after NF, 
functional feeding capabilities of children may 
improve after anti-reflux surgery.

Although, we have limited number of patients 
and evaluate the results of both normal and 
neurologically impaired children, our results 
suggest that penetration and aspiration were 
significantly decreased after NF and children 
had less RTI. Better deglutitive functions 
after NF can be explained by decreased GER 
episodes in children. Though, esophageal 
motility evaluated by VFS did not changed 
after anti-reflux surgery, functional oral intake 
significantly improved in patients especially 
with swallowing dysfunction. We suggest that 
PD may be a problem of children with normal 
deglutitive functions prior surgery. 
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