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Ultrasound Diagnosis of Gastroesophageal

Reflux and Hiatal Hernia in Infants
and Young Children

Sjirk J. Westra, MD,* Bart H. M. Wolf, MD, and Chris R. Staalman, MD*

Abstract: In 30 young children suspected of gastroesophageal reflux (GER), the
G-E junction was examined with ultrasonography directly after a feeding while
these children were on overnight extended esophageal pH monitoring (EEpHM) (32
simultaneous ultrasound/EEpHM studies). The two tests showed 81% to 84% agree-
ment in the detection of the presence or absence of GER, depending on whether the
whole period of EEpHM or only the part of it covering the ultrasound observation
period were used as the standard. The discrepancies between the two tests were
explained by the much longer monitoring period of EEpHM compared to ultrasonog-
raphy and the inability of EEpHM to show reflux of neutralized gastric contents
directly after milk feedings. The two studies probably measure different aspects of
clinically significant reflux and must be correlated with the clinical symptoms.
Morphological findings associated with significant reflux were (1) a short intra-
abdominal part of the esophagus, (2) a rounded gastroesophageal angle, and (3) a
“beak” at the gastroesophageal junction. Barium meal findings confirmed these
sonographic signs, indicating a sliding hiatal hernia of the distal esophagus, either
fixed or intermittent. Ultrasonography can be recommended as a useful and physio-
logical screening test to demonstrate clinically significant GER and a predisposing hi-

atal hernia of the esophagus in symptomatic children. Indexing Words:
Children, gastrointestinal tract - Esophagus, reflux - Stomach, reflux - Hernia,
hiatal - Gastrointestinal tract, ultrasound studies

Gastroesophageal reflux (GER) is a common dis-
order in infants and children. In the great major-
ity it constitutes a “physiological” event and is of
little clinical significance.!? However, this often
apparently benign and self-limiting disorder is
now increasingly being recognized as a cause of
failure to thrive, extreme irritability, unusual
posturing, esophagitis, chronic blood loss, esoph-
ageal stricture, recurrent pneumonia, reactive
airway disease, and possibly apnea of infancy
even in the absence of overt emesis.>*
Considerable confusion exists over what con-
stitutes significant GER and how best to diag-
nose it. The barium upper gastrointestinal study
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(UGS) is a time-honored, first-line diagnostic test
to demonstrate both reflux and structural anom-
alies (hiatal hernia)® or functional disorders (de-
layed gastric emptying: “antral dyskinesia”)®’
that may predispose to regurgitation. It can also
show complications of GER like esophagitis,
peptic stenosis, and aspiration into the bronchial
tree. This test is widely available, noninvasive,
and comparatively cheap. However, acceptable
fluoroscopy time prohibits the detection of GER
occurring infrequently or only under certain
circumstances (e.g., at night, in the upright posi-
tion, in the fasting state). Indeed, the sensitiv-
ity of the UGS has been shown to be less than
tests that monitor GER over a prolonged period
facid reflux (Tuttle) test, extended esophageal
pH monitoring (EEpHM), and reflux scintigra-
phyl.8-18 Because early postprandial reflux on
EEpHM was found to be a common event in
asymptomatic children*!°~2! and the UGS some-
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times employs nonphysiological methods in order
to provoke GER,* the specificity of the UGS has
been questioned also.'*~1¢ The high incidence of
false positive and false negative results of the
UGS make this test less valuable for confirming
the diagnosis of GER.'622

There are few published data on the use of
ultrasonography to demonstrate GER.?*?* These
have shown ultrasonography to be more sensi-
tive than the UGS as its lack of ionizing radia-
tion allows for a longer observation period for
evaluating the G—E junction. In order to deter-
mine the value of this new modality in the
diagnosis of GER, we performed ultrasound ex-
aminations simultaneously with pH recording in
symptomatic children who were evaluated for
GER with overnight EEpHM. In addition, the
morphology of the G-E junction was studied
using high-resolution ultrasound images and
compared with the UGS findings in all these
children.

METHODS

Population

During a period of one year, all 30 children in
whom overnight EEpHM studies were performed
for symptoms suspected to result from GER were
included in this study. Vomiting or regurgitation
were noted in 13 patients, failure to thrive in 3,
apneic and/or cyanotic spells in 8, intermittent
torticollis in 1, excessive crying in 2, retrosternal
pain in 1, recurrent respiratory infections in 10,
attacks of wheezing in 3, and chronic cough in 2
patients. There were 20 boys and 10 girls, ages
27 days to 9.5 years (median age 10 months).
Two children were examined twice during the
study period, resulting in 32 combined ultra-
sound/EEpHM studies. In 12/32 studies patho-
logical GER had already been suspected or dem-
onstrated on previous UGS or EEpHM, and these
children came for confirmation and follow-up, re-
spectively.

Extended Esophageal pH Recording

All medications were discontinued during the
study period. A small flexible antimony electrode
(Synectics medical 0011) calibrated with buffers
at pH values of 1 and 7 was introduced transna-
sally, and its location 2 ¢cm above the G—E junc-
tion was checked with fluoroscopy. A reference
electrode was attached securely to the abdominal
wall. Both electrodes were connected to a porta-
ble recording device {Digitrapper, Synectics AB,

e B

FIGURE 1. Gastroesophageal junction, normal anatomy. {A) Longitu-
dinal section through intra-abdominal part of esophagus, the length
of which (EL} is measured between the gastroesophageal junction
{white arrowhead) and the place where the distal esophagus pene-
trates the diaphragm (diaphragmatic hiatus, black arrowhead), EL =
2.3 cm. Sharp gastroesophageal angle (GEA) of His, indicated by the
angle between a line paralleling the most distal part of the esopha-
gus {1} and a line tangent to the distended gastric fundus at the GE-
junction (2). (B) Barium esophagogram, same patient: sharp GEA.
(Key to Figures 1 to 4: A, aorta; D, diaphragm; H, hiatal hernia; IVC,
inferior vena cava; LL, left lobe of liver; LC, teft crus of diaphragm;
RA, right atrium; RL, right lobe of liver; ST, fluid-filled lumen of
stomach.)
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Stockholm). All children were hospitalized for 24
hours and pH recordings were made continuous
for a period of at least 20 hours starting in the
morning. The children were fed normally accord-
ing to their age and habits at home. Those
younger than 4 months were monitored in the
prone position. Older babies and children were
free to choose their position while asleep. Acid
reflux was defined as esophageal pH < 4 and al-
caline reflux was ignored in this study. All data
were read using an Tulip computer and the soft-
ware program “Ambulatory pH IBM” (Synectics
AB, Stockholm). The following four variables for
acid reflux were calculated for a 24-hour period:
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FIGURE 2. Hiatal hernia of distal esophagus, two different patients: both
have a prominent beak {curved arrows) at gastroesophageal junctiqn. (A)
Distal esophagus between left lobe of liver (LL) and left crus of diaphragm
(LC); hyperechoic gastric contents; rounded GEA. (B) Short intra-abdomi-
nal part of esophagus (between cursors, EL = 1.2 cm}; craniad displace-
ment of high pressure zone in distal esophagus (“lower esophageal
sphincter”), marked by air in esophageal ampulla (A} and gastroesoph-
ageal beak. (C) upper gastrointestinal study, same patient as in B: beak at
G-E junction, spontaneous refiux.

number of reflux episodes, number of reflux epi-
sodes lasting longer than 5 minutes, duration of
longest reflux episode recorded, and reflux index
(calculated as the percentage of the total investi-
gation time when the pH was less than 4). A pH
recording was considered abnormal if the value
of any one of these parameters exceeded the ap-
propriate age-specific normal range of values
(mean + 2 SD), determined in asymptomatic
children aged 0 months to 15 months.'? Since
normal values reported for the adult population®®
approach the normal ranges for infants aged 15
months,'? we used these values for older children
also.
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FIGURE 3. Fixed hiatal hernia of distal esophagus with pathological re-
flux. (A) Transverse section through high upper abdomen showing large
“hernia” (H}), penetrating the diaphragm (D). (B} Longitudinal section
through intra-abdominal part of esophagus: “hernia” (H} in diaphrag-
matic hiatus, beak at gastroesophageal junction (curved arrow). (C)
same sectioning plane: massive reflux {large arrow) with ballooning of
distal esophagus (small arrows). (D) Upper GE study, water siphon test:
massive reflux {also frequent spontaneous reflux was noted). {(E) Contin-
uous pH recording during ultrasound study: reflux episodes seen with
ultrasonography were found to coincide with pH dips below 4 {arrows).
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FIGURE 4. Nonfixed sliding hiatal hernia of distal esophagus with reflux. (A) Long
intra-abdominal part of esophagus, EL = 2.4 cm (between arrowheads), slightly
rounded GEA {compare with Figure 1A). {B} after upward siiding of distai esopha-
gus, a prominent beak (curved arrow} is noted at the gastroesophageal junction,
just preceding (C) reflux (large arrow). (D) Barium esophagogram: rounded GEA
{compare with Figure 1B), normal infradiaphragmatic length of esophagus. (E})
With the water siphon test, a beak at GEA {(curved arrow) and reflux are indicated.
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Ultrasonography

The ultrasound examinations were performed 6
hours to 8 hours after introduction of the pH
probe, as soon as possible after a meal consisting
of formula in young infants, whereas in older
children only drinks and semisolids like porridge
or custard were allowed. Preceding the ultra-
sound study, young infants were “burped” in
their usual fashion. A high-resolution 5-mHz
sector transducer (Diasonics, Milpitas, CA, or
Acuson, Mountain View, CA) was placed in the
midline under the xiphisternum and the distal
esophagus was identified at the location where it
penetrated the diaphragm on transverse sec-
tions. The transducer was then rotated and repo-
sitioned to obtain a longitudinal section through
the intra-abdominal part of the distal esophagus.
This structure was observed for 20 minutes and
the whole study was recorded on videotape. Still-
frame images of the anatomy of the distal esoph-
agus and the G-E junction were obtained. The
beginning and the end of the ultrasound study
were marked on the pH recording.

A reflux episode is characterized by the follow-
ing sequence of events: opening of the lower
esophageal sphincter (LES), gastric contents
moving up the distal esophagus, to-and-fro move-
ment of these in the distal esophagus, clearance
of the esophagus of refluxed material by peristal-
sis, and finally closing of the LES. The total du-
ration of each reflux episode including esoph-
ageal clearance was noted. A negative result was
defined as no reflux or only one short (<2 sec-
onds) reflux episode per 20 minutes.

The children were examined mainly in the su-
pine position, and apart from rolling the child
from side to side, no reflux provoking measures
were applied. A pacifier was allowed if this made
a child more comfortable; this did not lead to an
increase of the amount of reflux observed. The
following observations regarding the anatomy of
the G—E junction were recorded (Figures 1-4):
the length of the intra-abdominal part of the

esophagus (EL), the angle which the distal
esophagus was seen to meet with the stomach
wall [gastroesophageal angle (GEA), sharp or
rounded], and the presence or absence of a
“beak” at the G- E junction. All ultrasound stud-
ies were carried out by one examiner (SJW). At
the time of the ultrasound study, the pH meter
readings were not visible, and no clinical infor-
mation or results of previous examinations were
available to the examiner.

The Barium Upper Gastrointestinal Study

This was carried out in all children using a stan-
dardized approach described previously,?® with
the inclusion of the water siphon test.® No other
reflux-provoking measures were applied. Pres-
ence or absence of a hiatal hernia and/or a beak
at the G- E junction were noted.

RESULTS

On EEpHM, 20 studies demonstrated pathologi-
cal GER and in 12 studies the reflux recorded
was regarded as insignificant. Ultrasonography
was positive for reflux in 19 out of the 20 studies
showing reflux with EEpHM (Table 1). Sono-
graphic indications of reflux coincided with the
pH dips seen in the parts of the EEpHM print-
outs that covered the ultrasound observation pe-
riod (Figure 3E) in 17 studies, whereas in two
studies reflux seen with ultrasonography did not
result in a simultaneous change of the esoph-
ageal pH. In the child with pathological reflux on
EEpHM in whom no reflux was seen with ultra-
sonography, no pH changes were noted during
the ultrasound observation period and all reflux
recorded by the pH probe occurred in the upright
position.

Of the 12 EEpHM-negative studies, ultra-
sonography was negative for reflux in 7 and pos-
itive in 5 (Table 1). In 2 of the latter, this reflux
coincided with pH dips occurring almost exclu-

TABLE 1
Ultrasound Evaluation Compared to EEpM

EEpM (Overall Result)

Positive

Negative

Ultrasonography: positive

19 pH change?: Pos 17

5 pH change®: Pos 2

Neg 2 Neg 3
Ultrasonography: negative 1 pHchange®: Pos 0 7 pHchange®: Pos 0
Neg 1 Neg 7

pH change pos: reflux episode(s) seen with ultrasonography always followed by

drop in pH.

pH change neg: no ph change recorded during ultrasound examination period.
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sively during the ultrasound observation period,

whereas the overall result of the EEpHM turned

out to be negative. In the remaining 3 studies, no
pH changes during the reflux episodes seen with
ultrasonography were recorded.

Based on length measurements of the intra-
abdominal part of the distal EL and observations
of G-E junction anatomy, the whole study group
was divided into three subgroups:

1. EL = 2 cm, GEA sharp, no beak at the G-E
junction (6 studies, Figure 1). In none of these
cases was reflux seen with ultrasonography.
UGS revealed normal G-E junction anatomy
in all.

2. EL < 2 em, GEA rounded, beak at the G-E
junction (11 studies, Figures 2 and 3). UGS
showed these findings to represent a fixed hi-
atal hernia of the intra-abdominal part of the
esophagus (actual herniation of part of the
stomach was never encountered). In all 11
studies where these signs were seen, ultra-
sonography showed gross reflux.

3. The signs mentioned under 1 and 2 were seen
to alternate during the study period (15 stud-
ies; Figure 4). With UGS, a beak at the G-E
junction was demonstrated, often only during
the water siphon test (Figure 4D,E). In 12 of
the 15 studies where these criteria applied,
reflux was seen with ultrasonography only
while the “hernia” was present, and in some
the distal esophagus was seen to actually
slide up through diaphragmatic hiatus just
before reflux occurred. In three studies, de-
spite intermittent upward sliding of the distal
esophagus, no reflux was seen.

DISCUSSION

In the young thriving infant with typical post-
prandial regurgitation, the diagnosis of reflux
can be made on the basis of the clinical history
alone. In pediatric patients with more severe
gastrointestinal or respiratory symptoms, a more
thorough documentation of GER is often re-
quested.? The difficulty in defining what is patho-
logical reflux in the various age groups has led to
a proliferation of tests aimed to objectively detect
and quantify reflux over longer periods of time.
Although a reliable “gold standard” to assess the
clinical significance of GER is not available at
present, EEpHM is proposed as the best tech-
nique available.?”~?? The relative invasiveness of
this test, the need for hospitalization and the
equipment needed precludes it being employed as
a screening test in symptomatic children.

With ultrasonography, the anatomy and patho-
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physiology of the G—E junction can be studied and
the mechanisms known to prevent reflux®®-3* can
be examined in detail: (1) the competency of the
LES, depending mainly on its intra-abdominal
location; (2) the length of the intra-abdominal
part of the esophagus and the angle of His, re-
sulting in a check-valve mechanism when the
gastric fundus is distended; and (3) the ability of
the diaphragmatic crura to hold the distal esoph-
agus in place in the esophageal hiatus, prevent-
ing it from sliding upward. We have described
the ultrasound signs of a sliding hiatal hernia of
the distal esophagus, either fixed or nonfixed,
and we showed that this condition predisposed to
significant reflux. Most forms of antireflux sur-
gery attempt to increase the intra-abdominal
length of the eosphagus, thereby restoring the
normal antireflux mechanism.®* Ultrasonogra-
phy is the only noninvasive technique by which
this important parameter can be evaluated di-
rectly.

Using the full overnight EEpHM period as the
standard, ultrasonography showed a “sensitiv-
ity” for GER of 95% and a “specificity” of 58%. In
the single study positive for reflux on EEpHM
but negative on ultrasonography the absence of
reflux during the ultrasound observation period
was confirmed by EEpHM, which recorded reflux
only in the upright position. In 2 of the 5 studies
negative for reflux on EEpHM but positive on ul-
trasonography, the reflux seen with ultrasonog-
raphy was also demonstrated on the part of the
pH recording covering the ultrasound observa-
tion period. The discrepancies between the two
tests can be explained by the much longer obser-
vation period for EEpHM compared to ultra-
sonography. In 3/12 studies negative for reflux
and 2/20 studies positive for reflux on EEpHM,
no pH changes were recorded following reflux
seen with ultrasonography. In EEpHM, post-
prandial reflux may not be detected if the gastric
contents are not acid, as is often the case directly
after feeding, leading to an underestimation of
the amount of reflux.?® In addition, controversy
exists about the significance of postprandial re-
flux, and some authors consider reflux oceurring
within 2 hours of feeding to be physiologi-
ca]9-21.28:31.32,36 5111 ignore this reflux in the in-
terpretation of the recordings. In contrast, ultra-
sonography (and the UGS) makes use of a full
stomach in order to “provoke” reflux and there-
fore detects postprandial reflux.

In a significant number of studies, immedi-
ately after reflux was seen with ultrasonogra-
phy, symptoms like vomiting, wheezing, cough-
ing, apnea, hyperactivity, crying, intermittent
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opisthotonus, and torticollis were noted, often
the very same symptoms that prompted the par-
ents to seek medical advice. Therefore we felt
that despite a pH recording considered to be
within normal limits for age, such “symptom-
atic” reflux shown by ultrasonography did have
pathological significance. Using EEpHM, prov-
ing such a relationship between reflux and symp-
toms is much more difficult, and requires the em-
ployment of sophisticated polygraphic equip-
ment.**7 3% We believe imaging tests like UGS
and ultrasonography, and functional tests like
EEpHM, measure different aspects of clinically
significant GER, and are confirmatory and com-
plementary rather than competitive.*" Whereas
some authors perform as many as 5 different
tests for reflux and require 3 of these to be posi-
tive before a diagnosis of pathological reflux is
made,*” others state that a suggestive history
and a positive UGS only constitute adequate ev-
idence of reflux for the institution of medical
therapy.' As long as a reliable “gold standard”
for the assessment of clinically significant reflux
is lacking,?? the terms “sensitivity” and “speci-
ficity” are less suitable in characterizing a new
test like ultrasonography.

In conclusion, we found ultrasonography a
useful test for demonstrating clinically signifi-
cant reflux. A causal relationship between reflux
and ensuing symptoms can be suspected. A slid-
ing hiatal hernia of the distal esophagus, leading
to LES incompetency, can be identified. We are
currently evaluating a larger population of
symptomatic and asymptomatic children for
presence or absence of symptoms following ob-
served reflux and signs of an associated hiatal
hernia. This study is designed to test our hypoth-
esis that such reflux must be considered patho-
logical, thereby improving the specificity of ul-
trasonography. Because ultrasonography is a rel-
atively inexpensive, noninvasive, physiological,
and widely available test not employing ionizing
radiation, it can be recommended as a first-line
screening test in symptomatic children. A his-
tory strongly suggestive of GER combined with
positive ultrasound findings justify a therapeutic
trial with conservative antireflux measures. EE-
pHM and esophagoscopy with biopsy can be re-
served as confirmatory tests if required, espe-
cially in therapy-resistant patients in whom sur-
gery is considered. If the clinical history and/or
ultrasound findings point to a gastric outlet ob-
struction other than hypertrophic pyloric steno-
sis as the cause of reflux, a UGS should always
be performed in order to exclude a malrotation or

duodenal web, as these conditions may require
urgent surgical intervention.
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