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Abstract

Objectives: To identify the frequency of hiatal hernia (HH) and the impact of HH size in children with
gastroesophageal reflux disease (GERD).

Methods: Outpatient records were retrospectively reviewed in children ages 0-17 years old, diagnosed clinically
with GERD. HH was diagnosed based on an upper gastrointestinal (UGI) series and HH body was characterized as
either small (<2 cm) or large (≥2 cm). For patients who underwent an upper endoscopy, presence and severity of
esophagitis was diagnosed with esophageal biopsies and correlated with size of HH.

Results: There were 155 children diagnosed clinically with GERD who underwent an UGI. HH was diagnosed in
80 (51%) children via UGI (mean age 7.5 y, 32 female, 48 male). Small HH was observed in 60 children (75%; mean
age 7 y, 25 female, 35 male) and large HH in 20 (25%; mean age 3.2 y, 7 female, 13 male). Erosive esophagitis was
uncommon in children with HH. Abdominal pain, chest pain and heartburn were commonly reported chief complaints
in children (age >5yr) with a large HH. Children with large HH were more frequently found to fail medications and
require Nissen fundoplication than those with a small HH (p=0.032).

Conclusions: Children with GERD had high frequency of HH based on UGI. Children with large HH required
significantly more anti-reflux surgery than those with small HH. A larger scale longitudinal prospective study is
needed to further investigate the impact of HH on GERD complications and the effects of therapy.

Keywords: Hiatal hernia; Gastroesophageal reflux disease;
Esophagitis; Children and adolescents; Radiology

Abbreviations:
HH: Hiatal Hernia; GERD: Gastroesophageal Reflux Disease; UGI:

Upper Gastrointestinal Series; EGD: Esophagogastroduodenoscopy;
BMI: Body Mass Index; GEJ: Gastroesophageal junction; GER:
Gastroesophageal Reflux; LES: Lower Esophageal Sphincter; LA: Los
Angeles classification; SD: Standard deviation; TLESR: Transient
Lower Esophageal Sphincter Relaxation; PPI: Proton Pump Inhibitors

Introduction
Although the relationship between hiatal hernia (HH) and

gastroesophageal reflux disease (GERD) has long been recognized,
there are many unknown aspects to the long-term impact of HH on
GERD in children. Inthat early detection and conventional treatment
of sliding HH in children resulted in a favorable outcome for children
with persistent vomiting [1]. However, about one-third of the children
without treatment continued to suffer from GERD after their fourth
birthday with a 10% chance of developing an esophageal stricture. HH
is defined as an axial displacement of the proximal part of the stomach
through the diaphragmatic hiatus. Type I HH is caused by widening of
the muscular hiatal tunnel and circumferential laxity of the phreno-

esophageal membrane, thus allowing the gastric cardia to herniate
above the diaphragm.

Adult patients with a large HH are known to be more prone to
GERD development than those with a smaller HH [2,3]. It has an
estimated prevalence of 10-80%, and usually is asymptomatic [4]. In
infants and children, invasive procedures are not routinely used to
diagnose GERD, but rather clinical signs and symptoms. Therefore, the
incidence of HH could be under-diagnosed since the diagnosis of HH
requires radiographic or endoscopic examinations. Moreover, current
pediatric data relating the size of HH to its clinical significance is
lacking. The aim of this study was to investigate the frequency of HH
in children based on upper gastrointestinal (UGI) series and the
impact of HH size on GERD.

Methods
Following internal review for feasibility and subsequent study

approval, outpatient records were reviewed of children 0-17 years old
who were diagnosed with GERD and also had an UGI from May 2004
to February 2008 at West Virginia University School of Medicine.
GERD was diagnosed based on one or a combination of factors
including clinical history, upper endoscopy
[(esophagogastroduodenoscopy (EGD)] with biopsies, and an UGI
series. Patients with eosinophilic esophagitis, food allergy,
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inflammatory bowel disease, post-Nissen fundoplication,
gastrointestinal obstruction, and chronic or intermittent steroid use
were excluded from the study. The following information was collected
on each patient: age, gender, body mass index (BMI), neuro-
developmental status, and clinical symptoms at presentation. Clinical
symptoms collected included abdominal pain, vomiting, extra-
esophageal symptoms such as cough, hoarseness, recurrent
pneumonia, and asthma, chest pain, heartburn, dysphagia, food
refusal, choking, and irritability. Data was also collected regarding
history of medical and surgical interventions, responses to therapy,
UGI findings specific for HH size, and endoscopic and pathologic
esophageal biopsy reports. Medical anti-reflux therapy included use of
histamine-2 receptor antagonists, lansoprazole, and/or omeprazole to
suppress acid production, and metoclopramide as a prokinetic drug. A
failure of medical anti-reflux therapy is defined as persistent symptoms
of GERD or a presence of aspiration pneumonia and erosive
esophagitis while on treatment longer than 3 months.

An UGI series was performed by a pediatric radiologist observing
standard radiation safety protocol. Infants were fed with dilute barium
utilizing a nipple and bottle, whereas older children were given the
appropriate amount of barium to drink utilizing a cup and straw. If an
enteric tube were needed to administer barium, it was removed at the
end of the examination to assess for HH and reflux. The esophagus and
gastroesophageal junction (GEJ) were observed during swallowing.
The patient was evaluated for HH, gastric emptying, bowel rotation
and for position of the ligament of Treitz, and mucosal abnormalities.
Gastroesophageal reflux (GER) was evaluated with change in patient
position, but without application of manual abdominal pressure. HH
was diagnosed when the esophageal vestibule or the upper part of the
gastric folds reached 2 cm or more above the diaphragmatic
indentation (the so-called B-ring or Schatzki ring) during quiet
respiration (Figure 1). The A-ring is the superior-most aspect of the
lower esophageal sphincter (LES). A small HH was diagnosed by the
presence of an HH body of less than 2.0 cm in length, and a large HH
was identified if the HH body was 2.0 cm or greater in length (Figure
1).

Figure 1: Gastroesophageal junction (GEJ) and lower esophageal
sphincter (LES) (A) in normal anatomy and (B) in patients with
sliding hiatus hernia. GEJ herniates via esophageal hiatus of
diaphragm. LES ascends in the thoracic cavity (negative pressure)
when there is a positive intraabdominal pressure.

A routine EGD was performed in patients under general anesthesia
by endoscopy using a flexible endoscope (Pentax-EG 1840, 2540, or
2731, depending upon patient age). Reflux esophagitis was graded
using the criteria of the Los Angeles (LA) classification [5]. Anti-reflux
medications were not generally discontinued prior to the EGD. The
presence of HH was recorded during an EGD when gastric folds were
assessed as extending 2.0 cm or more above the diaphragmatic
indentation during quiet respiration and air insufflation into the
stomach; however, a close retrograde view to measure the size of the
HH with the distended stomach was not performed. Two biopsy
specimens were routinely obtained from the distal esophagus and mid-
esophagus. Histological assessment included: evaluation for basal zone
hyperplasia, papillary length, dilation of intraepithelial blood vessels
and semi-quantitative cellular infiltration by lymphocytes, neutrophils,
and eosinophils. These are standardized parameters for the diagnosis
of reflux esophagitis. Barrett's esophagus was defined as intestinal
metaplasia on esophageal biopsies. Severe GERD complications were
collected and defined by erosive esophagitis, iron deficiency anemia,
stricture, Barrett’s esophagus and adenocarcinoma.

Statistics
Statistical analysis was performed with SPSS v. 15 (SPSS, Inc,

Chicago IL). The mean and standard deviation (SD) were used to
describe demographic data. The chi-square test or Fisher's exact test
were used for differences between the large and small HH groups. A p-
value < 0.05 was considered to be significant.

Results
UGI results: We reviewed 155 charts of children who were

diagnosed with GERD and also had an UGI during May 2004 to
February 2008. HH was detected in 80/155 children (51.6%; mean age
7.5 ± 6.48 y, 32 female, 48 male). Small HH was observed in 60
children (75%; mean age 7 y, 25 female), and large HH was observed in
20 children (25%; mean age 3.2 y, 7 female). Among the group
diagnosed with HH, a bimodal distribution was observed, with the
higher peak occurring in early infancy (Figures 2 and 3). Clinical
symptoms at presentation included vomiting, extra-esophageal
symptoms (cough, hoarseness, recurrent pneumonia, and asthma),
dysphagia, food refusal, choking, and irritability. The chief complaints
and presenting symptoms among children older than 5 years were
abdominal pain, chest pain and heartburn (no difference among HH
sizes).

Figure 2: Histogram of age distribution in GERD children with
hiatus hernia.
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Figure 3: Histogram of age distribution in GERD children with
small and large hiatus hernia.

Small versus large HH: Age and gender showed no difference
between groups. Eleven children (6 with small HH, 5 with large HH)
had delayed development and there was no statistically significant
difference between the two groups (p=0.08). In 49 HH patients who
had BMI documented in the chart, 23 were diagnosed with obesity
with no statistical difference between small and large HH.

EGD results: Only 45 of the HH children underwent an EGD (34
small HH and 11 large HH on UGI). Only one patient who had a large
HH on the UGI series also had HH identified during the EGD. The
other 44 had no landmarks documented in the chart to indicate HH
was evident endoscopically. Mild esophagitis (Grade A) was diagnosed
more frequently than erosive esophagitis (Grade B to D) in each group
of HH size (Table 1); however, there was no statistical difference
between small and large HH patient groups to associate the severity of
esophagitis with the size of HH (Table 1). Iron deficiency anemia was
diagnosed in one of the patients who had a large HH and erosive
esophagitis. Barrett's esophagus did not occur in any of the children
with HH. However, one child without HH had Barrett’s esophagus
whose follow-up biopsies were negative for intestinal metaplasia after
completing 3 month anti-reflux medical treatment.

Size of hernia Small HH Large HH p value

Number of Patient 60 20  

Age (Y)

0-5 24 (30%) 11 (55%) 0.484

06-Nov 14 (17%) 4 (20%)  

Dec-17 22 (27.5%) 5 (25%)  

Male 35 (58%) 13 (65%)  

Obesity (>85 %le BMI) n=49 19 (31%) 4 (2.0%) 0.724

 Delayed development n=11 6 (7.5%) 5 (6%) 0.12

abdominal pain 23 (38%) 5 (25%) 0.417

vomiting 40 (67%) 13 (68%) 0.891

cough 1 (1.6%) 5 (25%) 1

hoarseness 6 (10%) 6 (30%) 0.673

recurrent pneumonia 1 (2%) 20 (5%) 0.44

asthma 15 (24%) 6 (30%) 1

supraesophageal  0.645

symptoms 17 (28%) 6 (30%) 0.887

chest pain/heartburn 13 (21%) 9 (45%) 1

dysphagia/food refusal/choking 7 (11%) 2 (10%) 1

irritability 0 8 (40%) 0.25

Mild esophagitis (n= 40/45) 31 9 0.582

Erosive esophagitis (n=5/45) 3 2 0.582

Iron deficiency anemia 0 1  

Acid suppression therapy 51 (85%) 16 (80%) 0.727

Prokinetic 29 (48.3%) 10 (50%) 1

Nissen Fundoplication 2 (3%) 4 (20%) 0.032

Family history of HH 10 (1.6%) 3 (15%) 0.705

Family history of GERD 22 (36%) 6 (30%) 0.69

Table 1: Demographic and clinical presentation data on 80 children
with HH.

Therapy: Prokinetic therapy (metoclopramide) was prescribed in 29
children (48%) with small HH and 10 children (50%) with large HH;
antacid therapy was utilized in 51 children (80%) with small HH and
16 children (80%) with large HH. When medical therapy failed, a
Nissen fundoplication was performed, significantly improving reflux
symptoms in 4 children with large HH and 2 children with small HH
(p=0.032) as described. Three of these children (1 large HH, 2 small
HH) had a delayed developmental history (p=0.031) as described in
Figure 3. Besides HH size and developmental delay, other parameters
such as age, gender, clinical symptoms, histological findings of the
esophagus, and medical therapies showed no statistical significant
difference for the requirement of Nissen fundoplication.

Discussion
Although, the UGI series is neither sensitive nor specific for the

diagnosis of GER, it is a common investigative tool used in children
with persistent vomiting to detect anatomic abnormalities such as HH.
Based on UGI, we documented the frequency of HH in a group of
children diagnosed with GERD to be 51.6%, small HH being more
frequent than large. We could not confirm this same rate of HH with
EGD, but were able to show through biopsies that mild esophagitis
occurred for a large portion of patients with HH without a difference
between size of HH. We did not find a significant association between
having a large or small HH and various patient characteristics such as
developmental delay, obesity, age or gender. However, this data
characterized a specific pediatric population with large HH and/or
developmental delay who are more likely to fail medical therapy and
ultimately be referred for Nissen fundoplication to definitively treat
GERD.
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Understanding anatomy and physiology of the LES and HH
The LES, a functional barrier with no anatomical landmarks, is an

intraluminal zone with a basal pressure greater than that of the
stomach and esophagus, approximately half of which lies intra-
abdominally in adults. Manometric study has shown that the length of
LES increases with age, measuring 3mm in neonates, 0.5-0.75 cm in
infants under 3 months of age, 1 cm in older infants less than a year
old, 1-3 cm in older children, and 3-5 cm in adults [6].

The anatomy consists of the intrinsic part of the LES which is
formed by the intrinsic muscles of the distal esophagus and the gastric
cardia. It is augmented externally by the crural diaphragm, the angle of
His which is the valve-like intra-abdominal portion (approximately 2
cm) of the esophagus, and the phreno-esophageal ligament, which
inserts circumferentially into the esophageal musculature close to the
squamo-columnar junction. HH is characterized by the herniation of
parts of the abdominal contents through the esophageal hiatus of the
diaphragm [7,8]. The most common type of HHs is characterized by a
widening of the muscular hiatal diaphragmatic opening with laxity of
the phreno-esophageal membrane, allowing some of the gastric cardia
to herniate upwards (Figure 3).

Mechanisms responsible for GER in individuals with HH include
not only transient LES relaxations (TLESRs), but also swallow-
associated reflux and GER associated with straining, more than those
without HH [9,10]. During a swallow, the esophageal body is
shortened by the longitudinal esophageal muscle contractions,
reducing LES length, which makes HH even more pronounced.
Understanding physiologic changes of the LES and HH during
swallowing helps explain the discrepancy in diagnosing small HH on
UGI as compared to EGD, as was documented in this study.

Methods to diagnose HH in children
HH is primarily diagnosed by UGI series or by EGD. In adult

patients, literature has suggested guidelines during EGD to inspect for
HH utilizing proper air insufflation prior to gastric intubation and
during intra-gastric retroflection [4]. It is unknown, however, whether
diagnostic guidelines for HH and measuring size of HH during
endoscopy should be different for infants and children. In this study,
only one radiologist performed the UGI series with technique as
described above. In comparison, there has been at least one other
investigation of HH in children based on criteria of at least three
gastric folds above the diaphragm seen on UGI [11,12]. Such extensive
criteria for classifying HH may under-diagnose a small HH. Finally,
the other difference in diagnosing HH size by UGI versus EGD is
influenced by deep sedation or anesthesia required for pediatric
endoscopy. The dynamic phenomenon of HH induced by swallowing,
respiration, and valsalva during an UGI is reduced with anesthesia [4].
Thus, we surmise that the lower frequency of HH detected during an
EGD compared to UGI in our series was due possibly to the differences
in technique between endoscopy and radiology to identify particularly
smaller-sized HH. Scarpato et al reported the prevalence of HH
approximately 20.7% in 111 children who had EGD for evaluating GI
symptoms. 13 However, they believed that HH could be overestimated
via EGD given the lower esophageal sphincter relaxation under
conscious or deep sedation [13,14]. Wu et al reported ratio of reflux
episodes detected by pH-probe to that by impedance probes >1 was
more frequently observed in children with than without with the
sensitivity and specificity of 93.8 and 79.6% respectively [15].

Does HH size impact GERD complications?
Based on the fact that patients with large HH were more likely to fail

medical management and require Nissen fundoplication, there was a
significant association between the size of HH and GERD. Studies
investigating HH in adults that included endoscopic evaluation have
shown an association with size of HH and GERD severity [16]. The
increasing size of HH has been associated with greater esophageal acid
exposure, more prolonged episodes of reflux, and longer acid clearance
times in a study of nine controls and 38 patients with GERD [17].
Furthermore, HH is known to cause impaired esophageal acid
clearance through a mechanism of decreased amplitude of esophageal
peristalsis [18]. It has been suggested that increased acid exposure time
in patients with HH is explained by a reservoir effect in HH, from
which acid can reflux to the esophagus during swallowing and LES
relaxation [19,20].

Therapeutic effect of medication management for HH
Gorenstein et al. observed significant failure rates of medical

therapy in children with HH, both with and without neurological
disorders [12]. The authors, however, did not clarify whether medical
treatment with proton pump inhibitor (PPI) was used prior to surgery.
We evaluated a subset of patients who received an EGD in our study to
compare size of HH to biopsy findings and found no statistical
differences between HH groups. Mild esophagitis was the most
common finding in both groups. Likewise, there was no difference
between HH groups for complications from GERD diagnosed by
biopsy such as erosive esophagitis, stricture, and Barrett’s esophagus.
Possibly the low rate of complications was explained by the PPI use
providing protective mucosal effect, but there was no control for being
on antacid therapy.

We discovered that patients with a large HH received statistically
significant more Nissen fundoplication surgeries (p=0.032). Large HH
is often associated with severe GERD symptoms and a poorer response
to treatment. In our study, in addition to having a large HH, delayed
neuro-development seemed to have a higher likelihood of getting a
Nissen fundoplication as compared to those with a small HH or
normal neurological development.

One limitation of this study is that it lacks objective criteria for the
diagnosis of GERD such as with pH/impedance probe studies. Not all
the children had upper endoscopy to confirm the gross endoscopic
findings of HHs and the degree of GERD histopathology as routinely
performed. However, objective data was evaluated through a subset of
45 patients who had an EGD and compared biopsy results between the
patients who had evidence of large versus small HH seen on UGI.
Furthermore, diagnosis of HH on the UGI was consistent among
patients because objective criteria were used by a single pediatric
radiologist who performed the test on all the patients. Children less
than 5 years old seemed to be the majority in both small and large HH.
Although there have been no data on the cutoff length to differentiate
size of HH in young children, LES length are usually around 2-3 cm in
this age group [6]. We might underestimate the size of HH in young
infants. Another potential bias with the study population is that
clinical practice only warrants an UGI series in GERD patients with
more severe and persistent symptoms. No longitudinal records of
GERD symptoms was available. Last but not least, it is possible that
Nissen fundoplication was suggested under the bias of the fact that
some of those children were developmentally delayed or had large
HHs.
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Conclusion
Knowledge about the role of the HH and HH size in pediatric

GERD has still been limited due to a lack of a uniform diagnostic
criteria and a gold standard diagnostic test and a larger population
study. Better diagnostic techniques for HH may include the utilization
of UGI, EGD, and esophageal pH probe and impedance study and/or
esophageal motility test. Further prospective study at different age
groups will improve understanding the impact of HH on the
development, progression, and treatment of GERD in children.
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