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Abstract
Purpose Gastroesophageal reflux (GER) is very common
in pre-term infants. The diagnosis based on symptoms is
always questionable. The incidence of GER in symptomatic
babies varies from 22% to 85%, but literature regarding the
incidence of reflux in asymptomatic pre-term infants is
lacking. We used radionuclide scintigraphy to evaluate the
incidence of GER in symptomatic as well as asymptomatic
pre-term neonates and to assess whether symptoms have
any relation with positive scintigraphy.
Methods We studied 106 pre-term infants (52 symptomatic,
54 asymptomatic) of less than 34 weeks of gestation, who
fulfilled the eligibility criteria. Babies were considered
symptomatic in the presence of vomiting, regurgitation,
apnea, de-saturations, unexplained bradycardia and recur-
rent lung collapses. Radionuclide scintigraphy was con-
ducted at post-conceptional age of 32–34 weeks when they
were clinically stable for 72 h. Feeding was avoided for 2 h
preceding the study. 99mTc sulphur colloid was adminis-
tered in a dose of 1.85 MBq (0.05 mCi) in 1 ml, followed
by milk (full feed) through an orogastric tube, prior to
imaging under a gamma camera. Reflux was graded as low
or high, and reflux episodes during the study were counted.

Results The incidence of GER in the symptomatic group
was 71.2% and in asymptomatic babies 61.1% (p=0.275).
High-grade reflux was more common (71.4%) than low-
grade (28.6%) in both groups (p=0.449). Mean number of
reflux episodes in 20 min was 4.4±2.4 in symptomatic
babies and 4.9±2.2 in asymptomatic babies (p=0.321).
Babies with positive scintigraphy were similar in birth
weight, gestation, time to achieve full feeds, weight and age
at discharge to those with negative scintigraphy.
Conclusions GER is common in pre-term infants of less
than 34 weeks gestation. The incidence of positive scintig-
raphy and grade of reflux is not significantly different in
symptomatic vs. asymptomatic babies. Though radionuclide
scintigraphy is a simple, quick and non-invasive investiga-
tion in suspected cases of GER, positive scintigraphy has no
correlation with symptoms.
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Introduction

Gastroesophageal reflux (GER) is a common condition in
pre-term infants. The condition is physiological in most of
these infants and has a self-limiting course. However, the
symptoms of GER could vary from vomiting, regurgitation,
recurrent apnea and de-saturations to none. The signifi-
cance of these symptoms in the diagnosis of GER and the
best method to detect GER are controversial. The incidence
of GER in symptomatic patients has been quoted as 22% to
85% [1–4]. This wide variation in incidence may be
attributed to different methods and criteria used for the
diagnosis of GER. Most of these methods are not compara-
ble with each other because of different methods to detect
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GER by different pathophysiologic mechanisms. GER is
also very common in asymptomatic pre-term infants, but
literature regarding its incidence in asymptomatic babies is
scanty.

In most of the previous studies, investigators have used
24-h oesophageal pH monitoring for the diagnosis of GER
[1, 2, 5–9]. This method detects only acid reflux. In pre-
term infants, most of the reflux episodes are post-prandial
non-acid refluxes, which are not detected by 24-h oesophageal
pH monitoring. In addition, this investigation is invasive and
needs patient admission to the hospital, and the presence of
the probe in the oesophagus may itself alter the GER.

Among other modes of diagnosis, barium oesophagogram
is outdated because of its low sensitivity and high dose of
irradiation during the study [10–12]. Its only utility in infants
is to evaluate anatomical abnormalities like oesophageal fis-
tula and strictures.

Multiple intra-luminal impedance is a recent technique
for the diagnosis of GER [13]. This technique evaluates
oesophageal bolus transit and reflux in a manner similar
to the barium study but without the hazards of radiation
exposure. The limitations of the impedance method include
the lack of universal availability, complexity of interpreta-
tion and invasiveness.

Radionuclide scintigraphy is a simple, highly physio-
logical, sensitive [14, 15] non-invasive test [10] for the
detection of GER. The sensitivity of radionuclide scintig-
raphy is reported to be between 75% and 100% [10, 14,
16]. The standard to which it has been compared is either
acid reflux or prolonged pH monitoring of the oesophagus
and in one study histopathology [16]. The specificity of
scintigraphy is between 81.2% and 100% [10]. Scintigra-
phy allows the quantification of reflux and calculation of
gastric emptying time and oesophageal clearance time,
detects both acid and non-acid reflux and allows prolonged
and repeated observation and possibly absolute correlation
between reflux and aspiration. While radionuclide scintig-
raphy is a good screening test for the detection of GER, it is
not yet standardized in pre-term infants. We therefore planned
this study to find out the incidence of GER in symptomatic
vs. asymptomatic babies using radionuclide scintigraphy and
also to see whether the symptoms usually attributed to GER
have any relation with positive scintigraphy.

Materials and methods

This prospective study was conducted by the division of
neonatology, department of paediatrics in collaboration
with the department of nuclear medicine, Post-Graduate
Institute of Medical Education and Research, Chandigarh,
India, over a period of 14 months. The study was approved
by the Institute Research Ethics Committee, and written

informed consent was obtained from all parents before
conducting the scintigraphic study.

Inclusion criteria

The study included:

1. Pre-term neonates of less than 34 weeks gestation
2. Neonates with regurgitation, vomiting, apnoea, recurrent

de-saturations (spO2<85%), unexplained bradycardia
(<100 per minute) and recurrent lung collapses (twice
or more) were considered symptomatic

3. Babies without the above symptoms were in the asymp-
tomatic group

Exclusion criteria

The exclusion criteria of the study were:

1. Babies withmajor life-threatening congenital malformations
2. Babies on a ventilator

Pre-term neonates of less than 34 weeks of gestation
were enrolled soon after birth, on arrival to the neonatal
intensive care and special care nursery. These babies were
prospectively followed up for development of any symp-
toms suggestive of GER. Relevant maternal and neonatal
details were recorded in a structured proforma. All neonatal
illnesses and medications likely to affect GER were noted.
Details of feeding like onset and method of feeding, amount
of feed and achievement of full feeds were also recorded. In
those with symptoms suggestive of GER, the details of
symptoms were recorded.

Radionuclide scintigraphy was performed when the
babies reached a post-conceptional age (PCA) of 32–
34 weeks and were stable for at least 72 h prior to the
study (defined as babies on full feeds (150–180 ml kg−1

day−1), FiO2 requirement of less than 30%, respiratory rate
of not more than 60 to 80 per minute and heart rate of 120
to 160 per minute).

Medications like aminophylline, metoclopramide, dom-
peridone and erythromycin, known to affect GER, were
stopped at least 3 days before the scintigraphic study. The
babies were kept nil orally for 2 h prior to scintigraphy and
shifted to the nuclear medicine department in a transport
incubator. 99mTc-sulphur colloid (1.85 MBq [0.05 mCi] in
1 ml) was administered through an orogastric tube followed
by the amount of feed the baby was receiving on that day
through the same tube. The tube was then removed after
closing the outer end to avoid contamination of the
oesophagus and oropharynx with the radionuclide solution.
The babies were placed in the supine position inside the
incubator under the gamma camera (Millennium MPR, GE
Medical systems, Milwaukee, USA), and sequential images
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were acquired for a total duration of 20 min at the rate of
15 s per frame in a 128×128 matrix (total 80 frames in
20 min). The camera was positioned close to the top surface
of the incubator, so that the distance between the infants’
chest and the collimator surface was not more than 12 cm
in any study. At the end of the acquisition period, a
radionuclide marker was positioned at the level of oral
cavity. A single static image was also acquired for 30 s in a
128×128 matrix immediately after the dynamic phase of
the study. No sedation was used during the procedure. The
images were stored on an online computer and subsequent-
ly assessed independently by two experienced nuclear
medicine physicians for any retrograde movement of
radiotracer into the oesophagus.

Clear visualization of retrograde movement of tracer
from the stomach into the oesophagus in at least one image
during the 20-min study was labelled as positive for GER.
Reflux was graded as low grade when observed in the
lower half of the oesophagus and high grade if it reached
the upper oesophagus and/or oropharynx. We used only
two grades of GER because of the short length of the
oesophagus in pre-term infants. The number of episodes of
reflux during the 20 min of study was also counted and
recorded.

Statistical analysis

The incidence of GER in symptomatic and asymptomatic
pre-term infants was compared using the Chi-square test.
All categorical variables were analysed by using the Chi-
square test. Mann–Whitney U test was used for analysing
the skewed data and Student’s t test for the normally
distributed data. Only one variable (amount of feed) was
normally distributed, and all other continuous variables had
skewed distribution. Logistic regression was applied to see
the association of GER with the symptoms like vomiting,
regurgitation, apnoea, dips in saturation, recurrent lung

collapse and feeding characteristics like amount of feed
and duration of tube feed.

Results

The study included 106 pre-term infants of less than
34 weeks of gestation, of which 52 were symptomatic (35
male, 17 female) and 54 asymptomatic (29 male, 25
female) for GER. Mean gestation at birth was 30.5±
1.6 weeks, and the mean birth weight was 1,358±294 g.
Gestation and birth weight were significantly less in the
symptomatic group (p<0.001) compared to asymptomatic
group (29.8±1.5 vs. 31.2±1.4 weeks and 1,250.5±225.4
vs. 1,462±316.8 g, respectively). Scintigraphy was per-
formed at the median chronological age of 9 days in
asymptomatic babies and 18.5 days in symptomatic babies.
No adverse effects were observed in any of the patients
following the scintigraphic study.

Scintigraphy was positive for GER in 61.1% of the
asymptomatic pre-term infants and in 71.2% of the
symptomatic pre-term infants; the difference is statistically
not significant (p=0.275; Fig. 1). High-grade reflux was the
predominant grade of reflux in both the groups (71.4%) and
present in 75.8% and 67.6% of infants in the asymptomatic
and symptomatic groups, respectively. However, the differ-
ence between the two groups was statistically not signifi-
cant (p=0.449; Table 1). The mean number of reflux
episodes during the 20-min study was 4.9±2.2 in the
asymptomatic group as compared to 4.4±2.4 in the
symptomatic group (p=0.321). Low- and high-grade
refluxes are shown in Figs. 2 and 3, respectively.

Table 2 depicts the incidence of positive scintigraphy in
patients with suspected symptoms of GER. In the presence
of vomiting, regurgitation, apnoea, dips in saturation and
unexplained bradycardia, the incidence of positive scintig-
raphy were 73.7%, 73.3%, 66.7%, 65.4% and 66.75%,
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respectively, and those with the absence of these symptoms
had positive scintigraphy in 69.7%, 68.2%, 84.6%, 76.9%
and 71.7%, respectively. The difference was statistically
not significant (p>0.05). The distribution of grades of
refluxes was also analysed in each symptom (Table 3).
High-grade reflux was predominant when correlated to each
symptom. There was only one pre-term infant with re-
current lung collapse and he showed high-grade reflux on
scintigraphy.

We divided the babies into two groups: those with
positive and those with negative scintigraphy. This was done
to see whether any of the characteristics differed in these two
groups. Table 4 depicts the comparison of characteristics at
birth, at scintigraphy and at discharge between those in
whom the study was positive and those in whom it was
negative. There was no significant difference in any of the
characteristics between these two groups (p>0.05). The
comparison of characteristics between the two groups of
positive and negative scintigraphy was also done in sub-
groups of symptomatic and asymptomatic groups. Weight,

gestation and feeding details before the study, at the time of
study and at the time of discharge were compared, and
statistically, they were similar (p>0.05).

The mean PCA (35.3±2.04 weeks) and age at discharge
(39.8±17.29 days) were more in the symptomatic group,
compared to asymptomatic group (33.6±1.06 weeks and
17.5±10.02 days, respectively), which was statistically
significant (p<0.001).

Discussion

GER is a common medical problem in pre-term neonates.
However, the symptoms are very non-specific, and the ideal
method of diagnosis is unclear. Though GER is considered
to be a self-limiting condition, which improves with advanc-
ing gestational age, there is widespread concern about GER
and the presence of symptoms. The treatment of GER is very
controversial, and whether these babies need treatment is also
unanswered.

In our study, using the radionuclide scintigraphic
technique, all infants were imaged while they were inside
the incubator, in consideration for the safety of the babies.
Continuous monitoring of vital signs and maintenance of
constant optimal body temperature were thus ensured
throughout the scintigraphic procedure. We used a transport
incubator for this purpose, which is smaller than the
standard incubator used in the Neonatal Intensive Care
Unit (NICU), and positioned the camera close to the surface
of the incubator for the study. The distance of less than
12 cm between the infants’ chest and the collimator surface
was sufficient to avoid any degradation in image quality at

Fig. 3 High-grade gastroesophageal reflux on scintigraphy

Table 1 Distribution of grades of refluxes

Grade Total (reflux
positive), n=70

Asymptomatic,
n=33

Symptomatic,
n=37

p value

Low
grade

20 (28.6%) 8 (24.2%) 12 (32.4%) 0.449

High
grade

50 (71.4%) 25 (75.8%) 25 (67.6%)

p<0.05 is significant

Fig. 2 Low-grade gastroesophageal reflux on scintigraphy
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the dose of 1.85 MBq used in these small infants. Most
standard protocols and guidelines on GER scintigraphy
require a 60-min dynamic acquisition. However, as the
babies imaged in this study were all pre-term infants, many
with respiratory symptoms, the duration of the procedure
was reduced to 20 min so as to minimize the time spent
outside the NICU.

The incidence of GER in symptomatic and asymptom-
atic pre-term infants did not show any significant difference
in our study. In spite of differences in weight, gestation and
age, the PCA was similar in both the groups at the time of
study. Previously, some studies have shown that symptom-
atic babies are of lesser gestation and weight than
asymptomatic babies [1, 17–19]. It is therefore likely that
symptoms attributed to GER are more commonly found in
smaller babies.

Goyon et al. [20] also found a similar result. They used
oesophageal pH monitoring to study GER in symptomatic
and asymptomatic pre-term infants and found a high
incidence of GER in pre-term infants, but there was no
difference in the occurrence of GER in the symptomatic vis
a vis asymptomatic group. The suspected symptoms of
GER are therefore likely to be related to the other illnesses
in these babies, rather than to the reflux.

The study conducted by Marino et al. [2] in 75 pre-term
symptomatic infants using a two-channel pneumocardio-
gram and a 1-h oesophageal pH method found a 63%
incidence of GER. This study was done at a PCA of 37–
38 weeks. Latini et al. [21] studied 50 newborns with
symptoms of apnoea, cyanosis and bradycardia using the
scintigraphy method. Scintigraphy was positive in 40
infants, giving an incidence of 80%. Akinola et al. [6]
studied 629 infants, born before 32 weeks of gestation,
using extended pH monitoring and found an incidence of
63.5% in symptomatic pre-term infants. Tolia et al. [22]
compared oesophageal pH-metry with gastroesophageal
scintigraphy. In their study, the incidence of GER was
69.5% by pH-metry and 66.0% with gastroesophageal
scintigraphy in symptomatic infants of less than 1 year of
age. Newell et al. [1] studied 35 pre-term infants of 28 weeks
gestation receiving intensive care by using oesophageal pH
monitoring and found an incidence of 85%. However, while
GER has been studied and found to occur in symptomatic
pre-term infants, there is lack of data on the incidence of
GER in the asymptomatic group.

We graded reflux into two grades, low and high, as the
length of the oesophagus in the scintigraphic images was
too small to identify three grades of reflux. Overall, high-
grade reflux was found in 71.4% of babies with positive
scintigraphy and was the predominant reflux detected when
compared to low-grade reflux, which was detected in
28.6%. High-grade reflux was predominant in both asymp-
tomatic and symptomatic pre-term infants. In symptomatic
pre-term infants, the incidence of high-grade reflux was
67.6%, similar to that reported in various studies. We also
found high-grade reflux in 75.8% of asymptomatic pre-term
infants. High-grade reflux appears to have no relation with
the occurrence of symptoms of GER. A study conducted by
Skopnik et al. [13] showed that 75% of all the GERs
detected by the intra-luminal impedance technique reached

Table 3 Relation of reflux grade to symptoms

Symptoms GER positive Low grade High grade

Vomiting 14 4 (28.6%) 10 (71.4%)
Regurgitation 22 7 (31.8%) 15 (68.2%)
Apnoea 26 7 (26.9%) 19 (73.1%)
Dips in saturation 17 7 (41.2%) 10 (58.8%)
Unexplained bradycardia 4 1 (25%) 3 (75.0%)
Recurrent lung collapse 1 0 (0%) 1 (100%)

Table 2 Correlation of reflux
with suspected symptoms

p<0.05 is significant

Symptoms Total symptomatic, n=52 GER p value

Positive Negative

Vomiting Present (n=19) 14 (73.7%) 5 (26.3%) 0.76
Absent (n=33) 23 (69.7%) 10 (30.3%)

Regurgitation Present (n=30) 22 (73.3%) 8 (26.7%) 0.685
Absent (n=22) 15 (68.2%) 7 (31.8%)

Apnoea Present (n=39) 26 (66.7%) 13 (33.3%) 0.216
Absent (n=13) 11 (84.6%) 2 (15.4%)

Dips in saturation Present (n=26) 17 (65.4%) 9 (34.6%) 0.358
Absent (n=26) 20 (76.9%) 6 (23.1%)

Unexplained bradycardia Present (n=6) 4 (66.6%) 2 (33.3%) 0.796
Absent (n=46) 33 (71.7%) 13 (28.3%)

Recurrent lung collapse Present (n=1) 1 (100%) 0 (0%) 0.520
Absent (n=51) 36 (70.6%) 15 (29.4%)
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the pharyngeal space. In another study, James and Ewer
[23] showed that the reflux reached the oropharyngeal
cavity in 70% of the studied pre-term infants by demon-
strating acid in the oropharyngeal secretions. Peter et al.
[19], using the intra-luminal impedance method, found that
66% of refluxes in pre-term infants of 33 weeks PCA were
of high grade. Lopez et al. [24] also found 79% of all
refluxes reaching the proximal oesophagus in pre-term
infants.

Lopez et al. [24] in their study by the intra-luminal
impedance method found 281 reflux episodes during the
24-h study, averaging 3.9 reflux episodes per 20 min. In our
study, the overall mean number of reflux episodes in those
with positive scintigraphy (n=70) were 4.67±2.3 episodes
in 20 min. The reflux episodes averaged 4.97±2.2 in
20 min in the asymptomatic infants against 4.41±2.4
episodes in the symptomatic group. This difference was
not statistically significant (p=0.321). This similarity in the
number of reflux episodes may be a reflection of the
comparable grades of GER in the two groups of infants.

When we analysed each symptom like vomiting, re-
gurgitation, apnoea, dips in saturation, unexplained brady-
cardia and recurrent lung collapse separately, the results
were similar to those with the absence of the particular
symptom, with regards to the scintigraphy result and dis-
tribution of grades of refluxes.

We analysed positive and negative scintigraphic results
and compared various characteristics between these two
groups viz., gestation, weight, Apgar scores at birth, days
taken to achieve full feeds, amount of feed, duration of tube
feed, weight, PCA and age at scintigraphy and weight and
PCA and age at discharge. There was no statistically
significant difference in any of the characteristics between

the two groups. Similarly, a separate analysis in asymp-
tomatic and symptomatic groups showed no statistically
significant difference in any of the above characteristics
between those with positive scintigraphy and those with
negative scintigraphy. This implies that the occurrence of
GER in pre-term infants is probably physiological and has
no relation with presence or absence of symptoms. Babies
with positive or negative scintigraphy were similar with
respect to weight, gestation at birth, days taken to achieve
full feeds, amount of feed, duration of tube feeds and
weight, age and PCA at discharge. Duration of hospital stay
and PCA at discharge was higher in symptomatic babies
probably due to smaller birth weight and gestation.

The findings of this study raise the question as to
whether symptoms considered as manifestations of GER
have any relevance and whether treatment based only on
symptoms is justified. Radionuclide scintigraphy can be
used as a safe, convenient and non-invasive modality to
diagnose GER.

Conclusions

GER occurs very commonly (66%) in pre-term neonates of
less than 34 weeks gestation. Occurrence of GER is not
significantly different in symptomatic pre-term infants
when compared to asymptomatic pre-term infants. High-
grade reflux is more common in both groups, but the
number of reflux episodes is similar. Infants with positive
GER on scintigraphy behave similarly in all the character-
istics when compared to those with negative scintigraphy.
Radionuclide scintigraphy is simple, non-invasive, easy to
perform and has no adverse effects in pre-term infants.

Table 4 Comparison of characteristics according to scintigraphy results

Characteristics (mean±SD) Total, n=106 Gastroesophageal scintigraphy p value

Positive, n=70 Negative, n=36

Gestation at birth (weeks) 30.5±1.6 30.4±1.7 30.7±1.6 0.853
Weight at birth (g) 1,358.4±294 1,347±286 1,379±312 0.785
Apgar at 1 min 7.2±1.8 7.3±1.6 6.9±2.2 0.660
Apgar at 5 min 8.3±1.0 8.4±1.0 8.2±1.2 0.436
Full feeds achieved (day) 8.0±4.4 8.2±4.9 7.7±3.2 0.610
Duration of tube feed at scintigraphy (days) 12.3±10.3 12.8±10.1 11.4±10.8 0.511
Total duration of tube feed (days) 18.1±15.9 18.9±14.9 16.5±17.8 0.664
Weight at scintigraphy (g) 1,390±277.7 1,377.5±276 1,414.6±283 0.754
PCA at scintigraphy (weeks) 32.6±1.2 32.6±1.2 32.7±1.1 0.827
Age at scintigraphy (days) 15.3±8.6 15.6±8.8 14.8±8.1 0.384
Amount of feed at scintigraphy (ml kg−1 day−1) 164.3±10.9 164.7±11.9 163.3±8.8 0.538
Weight at discharge (g) 1,602±304.9 1,586±314.7 1,633±286 0.281
PCA at discharge (weeks) 34.5±1.8 34.4±1.8 34.6±1.8 0.635
Age at discharge (days) 28.4±18.0 28.5±17.2 28.3±19.7 0.652

p<0.05 is significant
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