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Abstract
AIM: To investigate the utility of scintigraphic studies 
in predicting response to laparoscopic fundoplication 
(LF) for chronic laryngopharyngeal reflux symptoms.

METHODS: Patients with upper aero-digestive 
symptoms that remained undiagnosed after a period 
of 2 mo were studied with conventional pH and 
manometric studies. Patients mainly complained of 
cough, sore throat, dysphonia and globus. These 
patients were imaged after ingestion of 99m-technetium 
diethylene triamine pentaacetic acid. Studies were 
quantified with time activity curves over the pharynx, 
upper and lower oesophagus and background. Late 
studies of the lungs were obtained for aspiration. 
Patients underwent LF with post-operative review at 3 
mo after surgery.

RESULTS: Thirty four patients (20 F, 14 M) with an 
average age of 57 years and average duration of 
symptoms of 4.8 years were studied. Twenty four 
hour pH and manometry studies were abnormal 
in all patients. On scintigraphy, 27/34 patients 
demonstrated pharyngeal contamination and a rising 
or flat pharyngeal curve. Lung aspiration was evident 
in 50% of patients. There was evidence of pulmonary 
aspiration in 17 of 34 patients in the delayed study 
(50%). Pharyngeal contamination was found in 27 
patients. All patients with aspiration showed pharyngeal 
contamination. In the 17 patients with aspiration, 
graphical time activity curve showed rising activity in 
the pharynx in 9 patients and a flat curve in 8 patients. 
In those 17 patients without pulmonary aspiration, 29% 
(5 patients) had either a rising or flat pharyngeal graph. 
A rising or flat curve predicted aspiration with a positive 
predictive value of 77% and a negative predictive value 
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rightly point out that not all chronic cough is due to 
GERD, as approximately half the patients treated 
for LPR do not have evidence of acid-reflux on pH 
monitoring[5]. We examined the connection between 
GERD and LPR in a small, selected population of 
patients referred for laparoscopic fundoplication as 
treatment for chronic cough and suspected pulmonary 
aspiration of refluxate. These patients had been 
carefully investigated and had established GERD by 
the standard criteria of pH and manometric studies. 
Detecting LPR and pulmonary aspiration are the two 
major blind spots of the accepted approach using pH 
and manometry, with some evidence that impedance 
studies may help with detecting LPR[6,7]. We examined 
the utility of scintigraphic reflux studies in the diagnosis 
of standard GERD, LPR and in the direct visualization 
of pulmonary aspiration of tracer during these studies. 

MATERIALS AND METHODS
Population and clinical data
Patients were extracted from a research database 
for either proven or suspected GERD which had 
been approved by the Institutional Ethics Committee 
(LNR/12 CRGH/248). Consecutive patients undergoing 
laparoscopic fundoplication for suspected LPR disease 
on the basis of abnormal pH/manometry studies 
was extracted from this database. All patients were 
considered if they had predominantly upper respiratory 
tract symptoms that remained undiagnosed after 8 wk 
of investigation by appropriate specialists. Major upper 
respiratory tract symptoms documented were cough, 
sore throat, recurrent throat clearing, voice change, 
laryngospasm, aspiration, globus and regurgitation. 
Any history of heartburn regurgitation and dysphagia 
was also elicited. Because of the severity of continuing 
extra-oesophageal symptoms despite full medical 
management and results of standard investigations 
for GERD as the likely cause of LPR, patients were 
surgically treated by fundoplication. This is therefore 
a highly selected group of patients with a high pre-
test probability of GERD causing LPR and with a 
long history of undiagnosed upper respiratory tract 
symptoms. Patients were reassessed clinically at three 
months following surgery for the severity of symptoms 
and/ or the degree of improvement in symptoms. 
Clinical data was prospectively collected using a 
standardized proforma before and after surgery and 
entered into a database.

Scintigraphy, pH studies and manometry were 
repeated in 5 patients with recurrent symptoms post-
operatively.

pH monitoring (2 channel)
Ambulatory 24 h pH monitoring was performed using 
antimony crystal dual channel catheters (Medtronics, 
Synectics Medical, Minneapolis, Minnesota, United 
States) as described elsewhere. Data was recorded 
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of 100%. Over 90% of patients reported a satisfactory 
symptomatic response to LF with an acceptable side-
effect profile. 

CONCLUSION: Scintigraphic reflux studies offer a 
good screening tool for pharyngeal contamination and 
aspiration in patients with gastroesophageal reflux 
disease. 

Key words: Laryngopharyngeal reflux; pH studies; 
Oesophageal manometry; Gastroesophageal reflux 
disease; Lung aspiration; Scintigraphy; Cough
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Core tip: Scintigraphic studies offer a good screening 
tool for patients with gastroesophageal reflux disease 
(GERD) who are suspected of laryngopharyngeal reflux 
(LPR) and lung aspiration. Such studies can predict the 
response to fundoplication. Although the application 
for this study was in a highly selected group who 
underwent fundoplication for LPR, the results have 
been equally valid in over 700 unselected patients with 
suspected GERD. The technique however requires 
careful attention to detail for acquisition parameters, 
particularly with the volume of liquid into which the 
tracer is introduced. 
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INTRODUCTION
Gastro-oesophageal reflux disease (GERD) has 
a number of protean manifestations that make it 
difficult to diagnose and treat. In 2006, the Montreal 
Consensus Group defined GERD as “a condition 
which develops when the reflux of stomach contents 
causes troublesome symptoms or complications”. 
The range of symptoms includes cough, sore throat 
and atypical chest pain and other apparent non-
oesophageal symptoms. A proportion of patients may 
be asymptomatic even with significant acid reflux[1,2]. 
Furthermore, asymptomatic physiological episodes of 
GERD are a daily manifestation, further complicating 
the diagnosis[3].

While traditionally understood GERD (heartburn 
and regurgitation) is common, it has a different 
symptom profile to laryngopharyngeal reflux (LPR). 
The connection between GERD and LPR is however a 
contentious issue which has been canvassed in both 
the editorial format[4] and refereed publication[5]. These 
publications, especially the editorial by Spechler[4] 



pharynx, upper and lower half of the oesophagus and 
a background region over the right side of the chest, 
away from the stomach and oesophagus. Delayed 
images were analysed by a line profile over the lungs. 
Time activity curves were graded as showing no GERD, 
a falling curve, flat or rising curves. We defined the 
area under the curves (AUC) for the upper oesophagus 
and oropharynx after subtraction of the background 
level of activity as the Falk index.

Statistical analysis
Data was analysed by nonparametric statistical 
methods as much of the analysis was of ordinal data 
with multiple studies for each patient. Standard ANOVA 
statistics, Wilcoxon matched pairs test and Pearson 
correlation coefficient (2 tails) with significance levels 
of 0.05 were utilised. Cluster analysis of the principal 
variables was also undertaken to evaluate linkages 
between 11 key variables. The Statistica V8 software 
(Statsoft, Oklahoma, United States) package was used 
for data analysis.

RESULTS
Population and pre-operative clinical data
There were 34 patients (20 F, 14 M) with an average 
age of 57 years (range: 38-72 years). Proximal LPR 
symptoms were reported in 33 of 34 patients with 
one patient having no proximal symptoms, but severe 
heartburn and sinusitis. GERD was reported in 22 
patients. Details of symptoms are provided in Table 1. 
Average duration of symptoms was 4.8 years (range: 
0.5-22 years). All patients underwent laparoscopic 
fundoplication on the basis of symptoms, supporting 
tests and failure of best medical management 
(including double-dose proton pump inhibitor therapy).

Post-operative clinical data
Patients remained on anti-reflux medical therapy for 
six weeks post-operatively with cessation prior to the 3 
mo review. At three months, total control of symptoms 
was reported in 27 (79%), partial in 4, giving overall 
improvement in 31 (91%). The rate of dysphagia was 
unchanged in 12 (44%). Occasional chest pain and 
bloating was present in 4, reduction in cough frequency 
in 1 and continued heartburn but eliminated cough in 
1. Scintigraphy demonstrated low-grade reflux to the 
mid-oesophagus but not the pharynx in this patient. 
Reappearance of cough on stopping PPI occurred in 2 
and no symptom resolution in 1 despite normalisation 
of scintigraphy and 24-h pH monitoring. Two patients 
were lost to review. Scintigraphy showed recurrent 
reflux to the pharynx in the 2 former patients and no 
evidence of reflux in the latter. The pH study was also 
normal in the latter patient.

Statistical analysis
Cough was the only significant symptom predicting 
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Table 1  Patient symptom profile

Symptoms Total (n  = 34)

GERD 33
   Heartburn 24
   Regurgitation 23
LPR 33
   Chronic cough 25
   Voice change 15
   Throat clearing/aspiration  11
   Sore throat 10
   Globus   5
   Laryngospasm   2

with a Digi trapper Mark Ⅲ recorder (Medtronics, 
Synectics Medical) and analysed with the Synectics 
PW esophagram reflux analysis module (Medtronics, 
Synectics Medical). Abnormal proximal reflux was 
based on results of previous studies[8].

Manometry
Stationary manometry was performed using a water 
perfused dent sleeve 8 channel catheter (Dent Sleeve 
International, Mississauga, Ontario, Canada) using 
standard techniques as described elsewhere. Data 
was recorded using a multichannel recording system 
(PC polygraph HR Medtronics, Synectics Medical, 
Minneapolis, Minnesota, United States) and analysed 
using PolyGram software program (Medtronics, 
Synectics Medical, Minneapolis, Minnesota, United 
States). Oesophageal motility was graded as normal, 
mildly, moderately or severely ineffective oesophageal 
motility modified from Kahrilas et al[9,10].

Scintigraphy 
Patients were fasted overnight and medications were 
ceased for the 24 h prior to the test. While upright, 
patients were positioned in front of a Hawkeye 4 
gamma camera (General Electric, Milwaukee, United 
States) with markers placed on the mandible and 
over the stomach to ensure the regions of interest 
were within the field of view of the camera. Patients 
swallowed 100-150 mL of water with 40-60 MBq of 
99mTc DTPA followed by another 50 mL of water 
to clear the mouth and oesophagus of radioactivity. 
Dynamic images of the pharynx, oesophagus and 
stomach were obtained for 5 min at 15 s per frame into 
a 64 × 64 matrix. A second 30 min dynamic image was 
obtained in the supine position immediately following 
the upright study utilising 30 s frames. Following 
acquisition of the supine study, the patients were 
given a further 50 mL of water with 60 MBq of 99mTc 
phytate(colloid) followed by 50 mL of water as a flush. 
Delayed images were obtained at 2 h to assess the 
presence of aspiration of tracer activity into the lungs. 
Images were analysed by time activity curves over the 

GERD: Gastroesophageal reflux disease; LPR: Laryngopharyngeal reflux.

Falk GL et al . Scintigraphy in reflux disease



rising or flat curve predicted aspiration with a positive 
predictive value of 77% and a negative predictive 
value of 100%. There was a significant correlation 
between pharyngeal contamination and aspiration (P 
= 0.000). All patients in the cohort had evidence of 
gastro-oesophageal reflux by scintigraphy. Significant 
correlations were found for almost all pH studies and 
the isotope episodes, and amplitude of reflux in the 
oesophagus by scintigraphy (P < 0.01) but not for 
proximal supine acid exposure.

Cluster analysis
The hierarchical tree relationship between variables 
was expressed as a vertical icicle plot of the 11 
variables (Figure 1) with single linkages using non-
standardised Euclidean distances[11]. Tight linkages 
were shown between positive pharyngeal scintigraphy, 
aspiration by scintigraphy, manometric motility studies 
and impaired oesophageal motility, proximal total and 
exposure time.

DISCUSSION
When assessing patients for persistent upper 
respiratory tract symptoms (predominantly cough) 
and no cause is immediately apparent, there is 
accumulated clinical evidence to consider the 
possibility of LPR. However, approximately 30% 
of the population in one series of 2000 random 
cases had a score of over 10 in the reflux symptom 
index[12] with 75% also complaining of symptomatic 
GERD[13] (Figure 2). The task of assessing GERD in 
such a vast number of patients is problematic as 
there would be the need for a relatively invasive 
algorithm of endoscopy, pH/manometry/ impedance 
monitoring, ENT examination, respiratory function 
studies, amongst others. This would incur substantial 
costs and patient inconvenience. Endoscopy shows 
abnormalities in less than 50% of patients with reflux 
disease[14]. The presence of pepsin in saliva has shown 
promise as a surrogate marker of GERD that reaches 
the pharynx[15,16] but does not indicate lung aspiration 
of refluxate. A simple non-invasive test is required 
to assess the presence of significant full-column 
or proximal oesophageal reflux with potential for 
pharyngeal contamination and pulmonary aspiration of 
gastric contents. This particular standardised protocol 
for scintigraphy has the potential to be such an option.

Two channel 24 h pH monitoring provides a good 
measure of the frequency, severity and percentage of 
various aspects of acidic reflux. It may demonstrate full-
column reflux rising to the level of the cricopharyngeus, 
and so a likelihood of pharyngeal contamination (Figure 
3). However recent work using impedance studies 
has demonstrated that many patients suffer reflux 
which is not identified on pH monitoring but remains 
symptomatic and potentially damaging[17,18]. The pH 
study does not measure the presence of acid or non-

pharyngeal contamination by scintigraphy (P = 0.047) 
and voice change predicted aspiration by scintigraphy 
(P = 0.038). All symptoms were strongly correlated 
with pharyngeal contamination by scintigraphy. Cough, 
laryngospasm and globus were strongly correlated 
with aspiration (scintigraphy). Change in voice was 
present in 15 patients, 11 demonstrated aspiration and 
13 pharyngeal contamination by scintigraphy. 

24 h two channel pH studies 
The 24 h pH studies were abnormal in all patients (Table 
2). Episodes of reflux/24 h in the distal oesophagus 
were a mean of 128 and in the upper oesophagus, 
a mean of 31. The acid reflux exposure time distal 
was a mean of 16%, and 20% when supine. Reflux 
exposure time proximal was a mean 1.6%/24 h and 
10.5% when supine. There were strong correlations 
between all symptoms and each of the proximal 24-h 
pH parameters. Strong correlations were found for 
heartburn, regurgitation and distal pH results. Strong 
correlations were found between severity of pH results 
and pulmonary aspiration by scintigraphy.

Manometry
Lower oesophageal sphincter pressure had a mean ± 
SD of 2.94 ± 5.03 (normal > 18, range: 0-18 mmHg). 
Oesophageal motility was frequently abnormal and 
graded as severe IEM in 16, moderate IEM in 4, mild 
IEM in 5 and normal in 9. Highly significant correlations 
were found between impaired motility and pulmonary 
aspiration (P = 0.000063), episodes of reflux by 
scintigraphy (P = 0.000011), amplitude of reflux by 
scintigraphy (P = 0.0026) and the Falk index (AUC) (P 
= 0.000001).

Scintigraphic studies
There was evidence of pulmonary aspiration in 17 of 
34 patients in the delayed study (50%). Pharyngeal 
contamination was found in 27 patients. All patients 
with aspiration showed pharyngeal contamination. 
In the 17 patients with aspiration, graphical time 
activity curve showed rising activity in the pharynx 
in 9 patients and a flat curve in 8 patients. In those 
17 patients without pulmonary aspiration, 29% (5 
patients) had either a rising or flat pharyngeal graph. A 
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Table 2  pH studies

pH studies mean ± SD Range

Minimum Maximum

pH distal episodes 128.06 ± 91.41   8 356
pH distal %total time   16.04 ± 19.22      5.2 105
pH distal erect exposure   15.68 ± 18.72      4.2 102
pH distal sup exposure   20.10 ± 29.35 13 102
pH proximal episodes   31.30 ± 38.48 11 145
pH proximal %total time   1.59 ± 2.11   1        9.7
pH prox erect exposure     4.68 ± 17.65   0 102
pH prox sup exposure   10.52 ± 29.49   2 102

Falk GL et al . Scintigraphy in reflux disease
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Tree diagram for 11 variables single linkage euclidean distances
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Figure 1  Cluster analysis of variables. There is tight clustering of pH proximal total exposure, Motility, Aspiration scintigraphy and Pharyngeal scintigraphy located 
at the far right side of the graph.
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acid material in the pharynx[19]. One clear advantage 
of reflux scintigraphy is that it measures any reflux 
to the level of the pharynx and the direct occurrence 
of pulmonary aspiration. It is not dependent upon 
measuring acid. A rising time-activity curve over 
the pharynx was demonstrably a good predictor of 
pulmonary aspiration in this group of patients. It very 
likely indicates continuing episodes of GERD combined 
with a failure of normal clearance mechanisms due to 
impaired motility. A flat pharyngeal time-activity curve 
may indicate a failure of pharyngeal clearance in the 
absence of repeated episodes of GERD into the pharynx. 

This relationship is reflected in the correlation between 
the manometric motility studies which measure 
ineffective oesophageal clearance of acid[10] and the 
presence of pulmonary aspiration on scintigraphy.

Upper aero-digestive symptoms and positive 
pharyngeal scintigraphy were strongly associated when 
analysed as paired variables on an individual patient 
basis. Cough, laryngospasm and globus were strongly 
correlated with positive aspiration scintigraphy. This 
suggests an aetiological role for the persistence of 
reflux (acid or weakly acidic/alkaline) fluid in the 
pharynx and subsequent aspiration into the respiratory 
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tract (Figure 4). There is evidence that this may directly 
trigger the cough reflex[20] or lower the threshold for 
the cough reflex as indicated by C2 and C5 testing[21]. 
The concept of direct damage is supported by the 
findings in the 25 cases of chronic cough, where 14 
cases had aspiration and 23 pharyngeal contamination 
by scintigraphy. The alternate theory of chronic cough 
mediated by afferent nerves in the distal oesophagus 
is also well supported in other studies[22]. There is 
no reason to suppose that both mechanisms are not 
separately operative in individual patients or indeed 
concurrent as there was no way to identify reflex-
mediated patients. However, scintigraphic findings in 
the current study are not congruent with the concept 
of a reflex-mediated aetiology as the majority of 
the patients with cough, laryngospasm and globus 
had evidence of direct contamination of the pharynx 
and lungs. Perhaps reflex mediation may be more 
frequent in a less pathological group. The scintigraphic 
studies have shown a surprising degree of pulmonary 
aspiration (50%) in patients with cough. This may 
reflect the very highly and conservatively selected 
group of patients with long disease duration, likely 
to have more severe disease than in other reported 
series.

The ultimate test of the predictive value of reflux 
scintigraphic findings has been the symptomatic res-
ponse to definitive surgical management by laparo-
scopic fundoplication. Resolution of laryngopharyngeal 
symptoms were found in 90% of cases. This supports 
the choice of patients for intervention based on the 
scintigraphic findings. It is no surprise that there has 
been a continuation of dysphagia in this patient group 
with a large percentage of oesophageal dysmotility. It 
is of course possible that there may have been a strong 
placebo effect within this patient group, which has been 
reported to be as high as 85% in chronic cough treated 
with pharmacological intervention such as opiates. 
However, opiates also have centralised effects upon 
cerebral neurotransmitters[23]. Surgical intervention in 
this situation is however more likely to have a response 
rate closer to 35%, which is generally accepted for the 
placebo effect[24]. The one patient that had no response 
to surgery had no definable reflux by pH monitoring 
or scintigraphy on follow-up. It does demonstrate the 
complexity of the disease where there may be a mixed 
pathology of both GERD and primary respiratory disease 
or a behavioral component. In a large multicentre study 
of laparoscopic fundoplication for GERD with 5 year 
follow-up in 1340 patients, symptoms were satisfactorily 
treated in 93% of patients[25]. More applicable to this 
study is a group of 47 patients reported over a six 
year period having laparoscopic fundoplication for 
the treatment of chronic cough[26]. Symptom relief 
was reported in 30 (64%) with a similar side-effect 
profile. The use of reflux scintigraphy may have yielded 
substantially better primary symptom management by 
improved selection as in our series.

Scintigraphic studies have been utilized to evaluate 
pulmonary aspiration in infants and children for many 
years, generally as tracer being instilled in milk which 
is administered at night with scanning the following 
morning[27,28]. These studies have been performed 
with low radiation exposure, often as low as single 
chest x-ray examinations and are considered safe 
and acceptable. Modifications of the technique have 
been shown to provide good results in the detection 
of GERD[29-32] and lung aspiration of refluxate[33,34]. 
Results in these series tend to vary with technical 
differences[29,31,35,36]. It appears that the volume 
of liquid in which the tracer is introduced into the 
stomach is important, as is the framing rate for study 
acquisition. The optimal volume is reported between 
150 and 300 mL[29,31,32] and framing rates between 
15 and 30 s, not 60 s which leads to significant reflux 
being missed[37]. Computer modeling and clinical 
data indicates that as little as 0.1 MBq of activity 
aspirated into the lung can be detected by the gamma 
camera[34]. There is some conflict in the reported 
reproducibility measures of visual interpretation vs 
analysis of time-activity curves. In one series, the 
computerised analysis was significantly better[38] 
while in another, visual interpretation was better[39]. 
These differences very likely reflect variations in the 
acquisition parameters. Importantly, reproducibility 
was good in both studies with kappa values greater 
than 0.70. Acquisition protocols in the current study 
were aligned with the technique of Caglar et al[38]. 
Two groups have reported good sensitivity and utility 
of the scintigraphic technique for the detection of 
laryngeal reflux and aspiration of tracer into the 
lungs[35,36]. The study of Bestetti et al[35] reported 
201 patients with symptomatic posterior laryngitis 
documented by laryngoscopy and who were evaluated 
after administration of 300 mL of orange juice labeled 
with 99mTc. GERD was demonstrated by scintigraphy 
in 134 (67%), of which 78% was proximal and 31 
patients were positive on scintigraphy for pulmonary 
aspiration. These findings are similar to the current 
report. Symptoms profiles were also similar between 
the study of Bestetti et al[35] and our group. Proximal 
symptoms in our group were tightly correlated with 
positive pharyngeal contamination. Cough was the 
only significant variable predicting positive pharyn-
geal contamination by multivariate analysis. Voice 
change was the only variable that predicted positive 
pulmonary aspiration by multivariate analysis. This 
finding has clinical importance. Our study showed good 
concordance for oesophageal scintigraphy with the 24 
h pH and motility findings on an individual patient basis 
as paired studies. Other have reported less favourable 
results for scintigraphy (82% for pH studies vs 33% 
for scintigraphy)[31]. This may reflect a different and 
less severe patient sample. Technical difference may 
also have contributed to these disparate findings.

This study is relatively small and collected over a 
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four year period. Such studies are time-consuming and 
invasive and patient compliance becomes a significant 
issue. The use of patient questionnaires raises the 
problem of the degree of placebo effect[40]. There were 
a large number of uncontrolled variables in the study 
and a high degree of patient variability, especially 
in the pH studies. A valid approach is therefore to 
consider these variable as dependant paired studies 
on an individual basis, as none of the variables were 
held constant. Cluster analysis was a valuable tool 
to assess a large number of variables and identify 
fundamental linkages between variables to get a sense 
of connectedness[11]. The finding of strong linkages 
between the motility studies, pH proximal total 
exposure time, pharyngeal and aspiration scintigraphy 
is reassuring. 

The findings of the current study indicate that 
reflux scintigraphy utilising the current protocol is a 
potential screening tool for pharyngeal contamination 
and lung aspiration if GERD is suspected in patients 
with cough or other LPR symptoms. This requires 
further study in a more mixed and less selected 
group of patients. Subsequent assessment in over 
700 patients has shown further utility in predicting 
response to surgical intervention and more impor-
tantly, factors that may predict surgical failure. The 
technique is simple, reproducible and has a low 
radiation exposure that is considered acceptable even 
in a pediatric population. The patient group with long-
term LPR symptoms, especially cough and extensive 
investigation over a long time course can be selected 
for a high likelihood of symptomatic improvement by 
laparoscopic fundoplication. The combination of reflux 
scintigraphy, motility studies and two channel 24 h 
pH monitoring can increase the likelihood of success 
to over 90%. Patients with cough should therefore be 
assessed for pulmonary aspiration. 
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