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Abstract
Background Gastro-esophageal reflux disease (GERD) can present with typical or atypical or laryngo-pharyngeal reflux 
(LPR) symptoms. Pulmonary aspiration of gastric refluxate is one of the most serious variants of reflux disease as its com-
plications are difficult to diagnose and treat. The aim of this study was to establish predictors of pulmonary aspiration and 
LPR symptoms.
Methods Records of 361 consecutive patient from a prospectively populated database were analyzed. Patients were catego-
rized by symptom profile as predominantly LPR or GERD (98 GER and 263 LPR). Presenting symptom profile, pH studies, 
esophageal manometry and scintigraphy and the relationships were analyzed.
Results Severe esophageal dysmotility was significantly more common in the LPR group (p = 0.037). Severe esophageal 
dysmotility was strongly associated with isotope aspiration in all patients (p = 0.001). Pulmonary aspiration on scintigraphy 
was present in 24% of patients. Significant correlation was established between total proximal acid on 24-h pH monitoring 
and isotope aspiration in both groups (p < 0.01). Rising pharyngeal curves on scintigraphy were the strongest predictors of 
isotope aspiration (p < 0.01).
Conclusions Severe esophageal dysmotility correlates with LPR symptoms and reflux aspiration in LPR and GERD. Abnor-
mal proximal acid score on 24-h pH monitoring associated with pulmonary aspiration in reflux patients. Pharyngeal con-
tamination on scintigraphy was the strongest predictor of pulmonary aspiration.

Keywords LPR · GERD · Reflux aspiration · Esophageal motility · Scintigraphy

Background and purpose

Gastro-esophageal reflux disease (GERD) can present in a 
number of ways and atypical symptoms are frequently dif-
ficult to diagnose as reflux and treat. Common symptoms of 
GERD include heartburn and regurgitation, whilst cough, 
sore throat, recurrent pneumonia, globus, and hoarseness 
are generally regarded as “atypical” symptoms. Based on 
the symptom profile, GERD is sub-classified as esophageal 
or extraesophageal [1]. Laryngo-pharyngeal reflux (LPR) 
is believed to be caused by the contamination of the larynx 

and pharynx with gastric contents. Symptoms of chronic 
cough, throat clearing, and globus sensation are non-specific 
and can be attributed to other conditions [2, 3]. Currently, 
there is no reference standard for the diagnosis of LPR. 
Proximal pH monitoring is deficient technically as many of 
the proximal reflux episodes are non-acidic and cannot be 
reliably measured in the pharynx. Findings of impedance 
reflux measurements in the upper esophagus, even though 
not dependent on acid measurement, are often difficult to 
interpret [4]. Furthermore, none of the above methods have 
been validated in the diagnosis of cough. Untreated LPR 
with recurrent upper airway contamination can have seri-
ous consequences which range from paradoxical vocal cord 
motion to laryngeal stenosis, asthma, recurrent pneumonia, 
pulmonary fibrosis, and laryngeal malignancy [5, 6]. The 
current algorithms for work-up for GERD and LPR include 
history and physical examination, trans-nasal laryngoscopy 
and gastro-intestinal endoscopy, 24-h pH monitoring, esoph-
ageal impedance, esophageal manometry, barium swallow, 
and scintigraphy; none of which is definitive [7–9].
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Ineffective esophageal motility (IOM) has been thought to 
be a major factor in GERD and LPR [10, 11]. However, the 
exact role of the IOM has not been established [12–14]. We 
present the findings of esophageal manometry, dual-channel 
24-h pH monitoring, and scintigraphy in two clinically dis-
tinct groups of patients classified as LPR or GERD.

We hypothesized that severe esophageal dysmotility is an 
important determinant of LPR and lung aspiration of reflux-
ate. This hypothesis was tested in 361 consecutive patients 
with resistant to medical management reflux referred for 
surgical opinion.

Patients and methods

Patient population

Data were extracted from prospectively populated research 
database containing records of patients with GERD that was 
approved by the University of Notre Dame Australia Human 
Research Ethics Committee (019091S) on 23rd of July 2019. 
This study protocol conforms to the ethical guidelines of the 
1975 Declaration of Helsinki. All patient provided informed 
written consent to participate in research.

A senior surgical consultant assessed all patients and 
prospectively clinically categorized their symptoms as pre-
dominantly GERD or LPR based on the dominant symptom. 
Consecutive patients with symptoms typical of GERD (pre-
dominant heartburn, and chest pain) or LPR (predominant 
cough, throat clearing, voice change, laryngospasm, recur-
rent pneumonia, mucus sensation and globus) who under-
went esophageal manometry, pH studies, and scintigraphy 
were included. All patients had been referred for surgical 
consideration to a tertiary referral center due to severity of 
symptoms and/or resistance to maximal medical therapy. 
The cohort is, therefore, highly selected with a high pre-test 
probability of severe GERD/LPR.

pH Monitoring

Antimony crystal dual-channel catheters and Digi trapper 
Mark III recorder (Medtronics, Synectics Medical, Minne-
apolis, Minnesota, USA) were used for pH monitoring and 
data collection as a part of assessment process. The distal 
esophageal probe was placed 5 cm above the manometrically 
identified upper border of lower esophageal sphincter, and 
the proximal probe placed 15 cm above the distal probe. 
pH data were analyzed using the Synectics PW esophagram 
reflux analysis module (Medtronics, Synectics Medical, 
Minneapolis, Minnesota, USA). Monitoring was conducted 
in ambulatory settings.

Manometry

Esophageal manometry was performed using a standard 
technique with a water-perfused dent sleeve eight-channel 
catheter (Dent Sleeve International, Mississauga, Ontario, 
Canada). Data were recorded with a multichannel record-
ing system (PC polygraph HR Medtronics, Synectics Medi-
cal, Minneapolis, Minnesota, USA). Analysis of esopha-
geal motility was done by the PolyGram software program 
(Medtronics, Synectics Medical, Minneapolis, Minnesota, 
USA). Esophageal motility was classified as normal (less 
than two ineffective swallows), mild ineffective esophageal 
motility (IOM) (2–3 swallows with ineffective peristalsis), 
moderate IOM (4–5 swallows with ineffective peristalsis), 
or severe IOM (six or more swallows with ineffective peri-
stalsis) using criteria modified from Kahrilas et al. [10, 11].

Scintigraphy

Scintigraphy was conducted using computer-generated iso-
tope counting minimizing potential inter-observer bias. This 
particular method of scintigraphy in diagnosis of GERD and 
LPR has been previously described in detail and validated by 
this group, and control values have been published [8, 9, 15]. 
Patients were fasted overnight and then placed before Hawk-
eye 4 gamma camera (General Electric, Milwaukee, United 
States) with stomach, chest, and upper airway in the field 
of view. Patients were administered 40–60 MBq of 99mTc 
DTPA diluted in 150 ml of water, followed by a 50-ml water 
to promote clearance of isotope from pharynx and esopha-
gus. Images were obtained for 2 min at 15 s per frame into a 
64 × 64 matrix, followed by a 30-min dynamic image while 
supine for 30 s per frames. Aspiration was proven on delayed 
images at 2 h by the presence of isotope in the lungs (Fig. 1). 
Isotope time-activity curves (Fig. 2) were recorded for the 
pharynx and upper esophagus supine and erect, and classi-
fied as falling, flat, or rising curves (Fig. 3). It was consid-
ered that a falling curve reflected clearance of refluxate and 
rising curve accumulation of refluxate.

Statistical analysis

Data analysis was undertaken using nonparametric sta-
tistical methods as much of the analysis was of ordinal 
data with multiple studies for each patient. Analysis of 
variance (ANOVA), Mann–Whitney U test, Student’s t 
test, Fisher’s exact test, and Pearson/Spearman correla-
tion coefficient (two-tailed) with significance levels of 
0.05 were utilized. Receiver-operating characteristics 
(ROC) were assessed to evaluate the best predictors for 
pulmonary aspiration. Cluster analysis of the principal 
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Fig. 1  Left of the screen is a delayed scintigraphy study showing 
aspiration of tracer into both lungs (white arrowheads) and the dou-
ble white-line marking for computer-generated isotope count. Right 

of the screen is a computerized report as profile showing the count 
through the regions white lines. A high isotope count is apparent for 
the left lung activity (location 160–190 pixels)

Fig. 2  Typical graphical analysis of the scintigraphic study showing 
the markings of the regions of interest for the pharynx, esophagus, 
stomach, and background in the top left panel (a). b Analysis of the 
time-activity curves for the pharynx (pink/red) and upper esopha-
gus (yellow). A rising curve is apparent for the pharynx (purple line 

ascending). c Fitted curve for estimation of liquid gastric emptying 
which has a time to half clearance of 22.5 min (shown in panel A). 
d Graphical representation of the ratio of pharyngeal-to-background 
time-activity curves (mildly raising time-activity curves indicate low-
volume reflux contamination)
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variables was undertaken to evaluate linkages between 
ten key variables and for the groups (LPR vs. GERD). 
Cluster analysis is a multivariate procedure for detecting 
natural groupings in data [16]. Euclidean distance (root-
mean-squared) was utilized and displayed as a vertical 
icicle plot. Univariate and multivariate analyses were 
used to evaluate possible etiologies of dominant symp-
tom profiles (LPR vs. GERD). The Statistica V8 software 
(Statsoft, Oklahoma, United States) package was used for 
data analysis.

Results

Population and clinical data

Inclusion criteria were met by 361 patients (223 female 
and 138 male). The mean age was 60.8 years (SD 14.6; 
range 16–90 years). There were 98 patients in the GERD 
subgroup (47 female and 51 male) with average age of 
56 years (SD 13.61, range 23–84). The LPR subgroup 

Fig. 3  Typical graphic analysis showing computer-generated count 
for isotope contamination in the pharynx. To the left of the screen, 
there are scintigraphic images marked for counting and to the right 
of the screen graphs showing results for the areas marked. Y-axis 

reflects isotope count and X-axis reflects time of study. Panel A show-
ing clearly rising isotope count (contamination due to reflux), whilst 
panel B showing flat count (no evidence of reflux reaching pharynx)

Author's personal copy



Esophagus 

1 3

included 263 patients (176 female and 87 male) and mean 
age of 63 years (SD 14.95, range 16–90).

Patient demographic data and key results are summarized 
in Table 1.

Manometry

The outstanding feature of manometric findings was that 
40% of the LPR group patients had severe IOM compared 
with 28% in the GERD group. This was a significant differ-
ence (p = 0.037). Normal esophageal motility was found in 
48% with LPR symptoms and in 60% with GERD symp-
toms, and was not statistically significant.

The mean lower esophageal sphincter pressure was 
reduced at 7.0 mm Hg (Median 3.4, SD 8.1 (95% CI 6.1–7.8) 
mm Hg). No significant difference was found between the 
LPR and GERD groups for mean LOS pressure.

Manometry: correlations between IOM, aspiration, 
and symptom profile

Severe IOM was strongly associated with isotope aspiration 
in both groups (p = 0.001).

There was a strong correlation (Spearman) between IOM 
and isotope curves in the pharynx and upper esophagus both 
when supine and upright (p < 0.01).

Significantly more rising isotope activity curves (grade 
3) were demonstrated in patients with LPR than with GERD 
symptoms (p = 0.0017). There was, however, no statisti-
cally significant difference in isotope aspiration between 
the groups (p = 0.08).

Reduced lower esophageal sphincter pressure was associ-
ated with an increased proximal acid exposure (p = 0.019) 
and risk of isotope aspiration (p = 0.001).

pH Studies

pH Studies were abnormal in 70% of patients. Total proxi-
mal acid exposure was a mean of 4.2%/24 h (SD 6.2). Total 
distal acid exposure was a mean of 9.3%/24 h (SD 12.7).

pH Studies: correlation of aspiration and pH study

There was a correlation between total proximal acid on 24-h 
pH monitoring and pulmonary isotope aspiration (p = 0.003) 
in both groups. There was no correlation between total distal 
acid on 24-h monitoring and aspiration (p = 0.87).

Table 1  Demographic 
characteristics and summary 
of the main findings of this 
study according to the symptom 
profile group

a Reduced LOS was associated with pulmonary aspiration (p = 0.001) and proximal esophageal acid expo-
sure (p = 0.019)
b Significant difference between the groups (p = 0.037)
c Result did not reach statistical significance (p = 0.08)
d Proximal esophageal acid exposure on 24-h pH monitor was associated with pulmonary aspiration 
(p = 0.003)

GERD LPR All patients

Number of patients
 Male 51 176 227
 Female 47 87 134
 Total 98 263 361

Age
 Average 56 63 60.8
 SD 13.61 14.95 14.6
 Range 23–84 16–90 16–90

LOS pressure mean (mmHg)a 7.4 6.9 7.0 
(95% CI 6.1–7.8)

Severe  IOMb

 n 29 105 134
 % 28% 40% 37%

Pulmonary  aspirationc

 n 19 75 94
 % 19% 29% 26%

24-h pH proximal acid  exposured

 n abnormal 32 71 103
 Mean time %/24 h (SD) 0.9% (SD 4.3) 1.9% (SD 6.4) 1.8% (SD 6.2)
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Scintigraphic studies

Aspiration of refluxate into the lungs was found in 94 
patients (26%). When examined by symptom profile, there 
were 19 patients in the GERD group (19%) and 75 (29%) 
in the LPR group with pulmonary aspiration.

Scintigraphic parameters and pulmonary aspiration

Rising activity curves in the pharynx were strong predic-
tors of isotope aspiration (p < 0.01), both when upright 
and supine. While a higher proportion of patients with 
aspiration were from the group with LPR symptoms (29% 
vs. 19%), this apparent difference was not significant with 
the two-tailed Fisher’s exact test (p = 0.08).

For all patients, the negative predictive value of a 
declining time-activity curve for aspiration for the phar-
ynx in the upright and supine positions was 98%. A ris-
ing time-activity curve for the pharynx in the upright and 
supine position had a positive predictive value of 88% for 
aspiration. A similar pattern for the esophageal curves 
gave a negative predictive value of 97% and a positive 
predictive value of 85%.

Receiver‑operating characteristic (ROC) analysis 
of pulmonary aspiration

The three best variables for predicting aspiration were the 
presence of severe IOM and the rising time-activity curves 
for pharyngeal tracer activity in the upright and supine posi-
tions. This is clearly shown in Fig. 4. The largest area under 
the curve was for pharyngeal tracer activity when supine 
(0.896) followed by the pharyngeal curve when upright 
(0.820) and severe IOM (0.773).

Cluster analysis

The purpose of luster analysis is to simply demonstrate cen-
tral role of IEM in patients with pulmonary aspiration.

Strong linkages were found between pulmonary aspira-
tion demonstrated by scintigraphy, all scintigraphic time-
activity curves for the upper esophagus and pharynx, IOM, 
and clinical symptom profile (Fig. 5).

Discussion

The diagnosis of laryngo-pharyngeal reflux (LPR) is a 
clinical challenge. Clinical scoring systems to establish the 
probability of LPR in patients with upper aero-digestive 
symptoms have been proposed in the past [17]. Between 
18.5% and 30% of general population will test as having 
high probability of LPR using the current Reflux Symptom 
Index, which is also reported to be an overestimation of the 
true incidence of LPR [18, 19]. Hull Airway Reflux Ques-
tionnaire is a useful and validated tool in diagnosing LPR 

Fig. 4  Receiver-operating characteristic (ROC) analysis. Pharyngeal 
supine activity is the best predictor of lung aspiration of refluxate, fol-
lowed by pharyngeal upright activity and manometry

Fig. 5  Cluster analysis. The analysis shows tight linkages between 
manometry, upright and supine pharyngeal and upper esophageal 
scintigraphic activity, and the patient symptom profile
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symptoms due to reflux. However, it is a screening tool and 
does not positively diagnose airway reflux [20].

Scintigraphic study using the described technique may 
demonstrate, where no other test can, a significant propor-
tion (~ 20%) of patients with severe GERD who also have 
clinically silent pulmonary aspiration.

A less foreseen but suspected result of this study was the 
association between esophageal dysmotility and lung aspira-
tion of refluxate, as shown in the ROC analysis. Manomet-
ric measures of the lower esophageal sphincter pressures 
did not discriminate for this complication, as low pressures 
had a high prevalence in this treatment-resistant group of 
patients, reflecting disease severity. The prevalence of severe 
IOM was not significantly different between the LPR and 
GERD groups. This may be due to a selection bias as GERD 
patients in this cohort represent the more severe end of the 
spectrum of disease resistant to maximal medical therapy.

The importance of identifying patients with pulmonary 
aspiration is of patent clinical importance due to the poten-
tial for irreversible changes in the laryngopharynx and lungs. 
Preliminary data from an ongoing study of 120 patients with 
scintigraphic evidence of pulmonary aspiration show that 
while medical therapy may improve the symptoms of LPR 
or GERD, it does not reverse pulmonary aspiration [15].

Pulmonary aspiration can be treated with laparoscopic 
fundoplication with improvement demonstrated by scintig-
raphy as well as clinical resolution of symptoms [8, 21]. 
Previous work by this group found that over 90% of patients 
with clinical and scintigraphic evidence of LPR pre-opera-
tively reported significant resolution of symptoms and scan 
improvement after surgery [8, 21].

Early research on esophageal dysmotility has suggested 
reduced esophageal clearance in individuals with IOM [22, 
23]. In this study, patients showed a high degree of impaired 
esophageal motility, which was associated with pulmonary 
aspiration. The presence of refluxate in the upper esopha-
gus can stimulate cough via “reflex” afferent pathways and 
the presence of gastric contents in the pharynx can cause 
direct irritation to the upper airways, also resulting in cough 
[24]. The impairment of esophageal clearance secondary to 
diminished esophageal motility may offer a plausible expla-
nation for the development of symptoms through combined 
“reflux” and “reflex” pathways, allowing continued esopha-
geal exposure or proximal exposure to gastric contents [25].

In our cohort, the average age in the LPR group was 
7 years greater than the GERD group. Reasons for this vari-
ance are unclear. Many alternative causes of atypical reflux 
symptoms may require serial elimination extending the 
period to diagnosis. The lack of a simple positive predictive 
test for diagnosis of LPR may also contribute. Upper aero-
digestive contamination was frequent in the GERD group. 
Delayed development of respiratory symptoms from the pul-
monary disease could be due to changes in the mucociliary 

escalator defense mechanisms as a result of chronic exposure 
to gastric contents, further delaying time to diagnosis [5, 26]. 
Perhaps, trivializing the symptoms by the patient and the 
medical profession may contribute to delayed presentation 
and referral.

Limitations of this study were the collection of data over 
8 years during which time the technique of scintigraphy was 
refined. There is substantial selection bias as all patients in 
this study were referred for consideration of surgery due to 
severity of symptoms and often multiple failed therapeutic 
strategies.

Conclusion

Severe esophageal dysmotility, raised proximal acid on 24-h 
pH monitoring, and pharyngeal contamination on scintig-
raphy are associated with pulmonary aspiration and LPR 
symptoms. Upper aero-digestive tract contamination with 
reflux is common in patients with LPR and severe treatment-
resistant GERD. The results of this study indicate that reflux 
scintigraphy by this particular technique is invaluable in 
assessing patients with severe GERD, LRP, and unexplained 
pulmonary symptoms.
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