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PULMONARY ASPIRATION
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Abstract
Purpose Pulmonary aspiration of gastric refluxate is one of the indications for anti-reflux surgery. Effectiveness of surgery 
in preventing pulmonary aspiration post-operatively has not been previously tested. The aim of this project is to assess 
effectiveness of anti-reflux surgery on preventing pulmonary aspiration of gastric refluxate.
Methods Retrospective analysis of prospectively populated database of patients with confirmed aspiration of gastric refluxate 
on scintigraphy. Patients that have undergone anti-reflux surgery between 01/01/2014 and 31/12/2015 and had scintigraphy 
post-operatively were included. Objective data such as resolution of aspiration, degree of proximal aero-digestive contamina-
tion, surgical complications and oesophageal dysmotility as well as patient quality of life data were analysed.
Results Inclusion criteria were satisfied by 39 patients (11 male and 28 female). Pulmonary aspiration was prevented in 
24 out of 39 patients (61.5%) post-operatively. Significant reduction of isotope contamination of upper oesophagus supine 
and upright (p = 0.002) and pharynx supine and upright (p = 0.027) was confirmed on scintigraphy post-operatively. Severe 
oesophageal dysmotility was strongly associated with continued aspiration post-operatively OR 15.3 (95% CI 2.459–95.194; 
p = 0.02). Majority (24/31, 77%) of patients were satisfied or very satisfied with surgery, whilst 7/31 (23%) were dissatisfied. 
Pre-operative GIQLI scores were low (mean 89.77, SD 20.5), modest improvements at 6 months (mean 98.4, SD 21.97) and 
deterioration at 12 months (mean 88.41, SD 28.07) were not significant (p = 0.07).
Conclusion Surgery is partially effective in reversing pulmonary aspiration of gastric refluxate on short-term follow-up. 
Severe oesophageal dysmotility is a predictor of inferior control of aspiration with surgery.
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Introduction

Pulmonary aspiration of gastric refluxate is a feared com-
plication of gastro-oesophageal reflux disease (GORD). 
Patients presenting with typical symptoms of GORD and 
those with symptoms of extraoesophageal reflux are at risk 
of pulmonary aspiration [1–3]. Scintigraphy is currently the 
only available test to objectively demonstrate pulmonary 
aspiration in GORD [2].

Recurrent pulmonary aspiration can result in significant 
symptoms and cause permanent damage to the lungs (bron-
chiectasis, recurrent infections, adult onset asthma, pulmo-
nary fibrosis and lung transplant rejection) and laryngeal dis-
ease (voice changes, laryngeal stenosis and laryngeal cancer) 
[3–6]. Laparoscopic anti-reflux surgery (LARS) is a com-
mon treatment offered to patients failing medical therapy for 
GORD [7, 8]. The effectiveness of laparoscopic fundoplica-
tion in reducing pulmonary aspiration post-operatively has 
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not been previously tested, although anecdotally utilised for 
many years [9].

Patients and Methods

A single surgeon prospective cohort study of consecutive 
patients with a positive pre-operative pulmonary aspiration 
scan and undergoing 360-degree laparoscopic fundoplica-
tion for severe reflux disease is reported. Patient data were 
acquired between 01/01/2014 and 31/12/2015.

The data were extracted from a prospectively populated 
database that was approved by the Concord Hospital Ethics 
Committee (LNR/12 CRGH/248). Inclusion criteria were 
pulmonary aspiration on pre-operative scintigraphy and 
follow-up post-operative scintigraphy. Exclusion criteria 
were failure to attend post-operative scintigraphy, techni-
cally inadequate pre-operative scan and loss to follow-up.

All patients were pre-operatively interviewed by an expe-
rienced senior upper gastro-intestinal surgeon and were diag-
nosed as having predominantly gastro-oesophageal (GOR) 
or predominantly laryngopharyngeal (LPR) symptoms. 
Patients with massive hiatal hernia (> 30% of stomach above 
diaphragm) were identified as a separate subgroup (MHH). 
Patient selection was planned to include dual-channel 24-pH 
monitoring, multi-channel oesophageal impedance, oesoph-
ageal manometry and gastroscopy. Patients were asked to 
complete gastro-intestinal quality of life index questionnaire 
(GIQLI), Respiratory Symptoms Index (RSI) before the 
operation and then at 3, 6, 12 and 24 months after surgery 
[10, 11].

Patients with ongoing pulmonary symptoms despite 
maximum medical therapy and evidence of pulmonary 
aspiration on scintigraphy and symptoms or objective evi-
dence of pulmonary disease were offered surgery. Patients 
were also operated for typical GORD symptoms.

All operations were 360-degree composite fundoplica-
tion with repair of the hiatal pillars. Detailed operative 
technique was previously described by one of the authors 
[12].

Reflux aspiration scintigraphy was conducted using val-
idated technique [13]. Scintigraphy was performed after 
an overnight fast using Hawkeye 4 gamma camera (Gen-
eral Electric, Milwaukee, United States) with stomach, 
chest and upper airway in the field of view. 40–60 MBq 
of 99mTc DTPA was administered orally mixed with 
150–200 ml of water. Images were obtained for 5 min at 
15 s per frame into a 64 × 64 matrix, followed by a 30-min 
dynamic image whilst supine for 30 s per frame. Aspira-
tion was proven on delayed images at 2 h by the pres-
ence of isotope in the lungs (Fig. 1). Isotope time-activ-
ity curves (Fig. 2) were recorded for pharynx and upper 
oesophagus supine and erect and classified as showing no 
reflux, falling, flat or rising curves (0–3).

Statistical analysis was performed using SPSS Statis-
tics 23 software (IBM, New York, United States). Stand-
ard ANOVA statistics, student’s t test, Fisher’s exact test, 
χ2 test and Pearson correlation coefficient (2 tails) were 
used. Result with p value of 0.05 or less were considered 
significant.

Fig. 1  Delayed study showing aspiration of tracer into left lung and the line profile showing the count profiles through this region. A high-count 
profile is apparent for the left lung activity
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Results

Inclusion criteria were satisfied by 39 patients (11 male 
and 28 female). Indications for surgery were as follows: 
massive hiatal hernia (6 patients), predominantly LPR (21 
patients) and predominantly GOR (12 patients). Patients 
had pre- and post-operative scintigraphy aspiration scans 
within 12 months of surgery. Pre-operative manometry was 
performed on 33 patients. Quality of life data were available 
for 26 patients pre-operatively, 18 patients at 6 months and 
22 patients at 12 months (Table 1).

All patients had evidence of reflux on pre-operative scin-
tigraphy, including 32 patients with intermittent reflux, five 
with continuous reflux and two patients with evidence of 
reflux that was ungraded. Post-operatively, there was no evi-
dence of reflux in four patients, intermittent reflux in 32 and 
continuous reflux in three patients.

Oesophageal motility was classified using modified clas-
sification based on Kahrilas et al. [14]. Patients with 2–3 out 
of 10 ineffective swallows were labelled as having “mild”, 
4–5 out of 10 as “moderate” and 6 or more ineffective swal-
lows as “severe” oesophageal dysmotility [14]. Motility was 

normal in six patients (18.2%), seven patients (21.2%) had 
mild category, six (18.2%) patients had moderate and 14 
(42.4%) patients had severe ineffective oesophageal motil-
ity (IOM). Pulmonary aspiration in this group was strongly 
associated with severe IOM (χ2, p = 0.001).

Pulmonary aspiration was prevented in 24 out of 
39 patients (61.5%) post-operatively as determined by 

Fig. 2  Typical graphical analysis of the scintigraphic study show-
ing the regions of interest for the pharynx, oesophagus, stomach and 
background in the top left panel (a). Time-activity curves are gener-
ated for the pharynx and upper oesophagus, with an exponential fit 
to the curve for the stomach (c). The time to half clearance for liquid 
contents is determined from this curve (14.1 min). b Analysis of the 

time-activity curves for the pharynx (red curve) with the curve of best 
fit to the data points (pink curve). The curve for the upper oesopha-
gus is shown in yellow. A rising curve is apparent for the pharynx. 
d Graphical representation of the ratio of pharyngeal to background 
time-activity curves. This is used for quality assurance and gives an 
idea of the amplitude of the reflux relative to background

Table 1  Patients characteristics

Age, years 60.2 (range 31–78)
Gender Male = 11; female = 28
 Symptom profile
 LPR 21
 GORD 12
 MHH 6

Oesophageal motility
 Normal 18.20%
 Mild IOM 21.20%
 Moderate IOM 18.20%
 Severe IOM 42.40%
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scintigraphy. Aspiration was best controlled in patients 
without severe grade oesophageal dysmotility (89.5% reso-
lution of aspiration). Confirmed aspiration was seen in 9 
patients (64.3%) with severe oesophageal dysmotility post-
operatively (Table 2). Severe oesophageal dysmotility was 
strongly associated with continued aspiration post-opera-
tively OR 15.3 (95% CI 2.459–95.194; p = 0.02) (Chart 3).

Analysis of pharyngeal and upper oesophageal isotope 
curves revealed significant reduction of isotope contamina-
tion of upper oesophagus supine and upright (p = 0.002) and 
pharynx supine and upright (p = 0.027) post-operatively.

Scores of overall satisfaction with surgery scores were 
available for 31 patients. Majority (24/31, 77%) of patients 
were satisfied or very satisfied with surgery, whilst 7/31 
(23%) were dissatisfied. Satisfaction scores were independ-
ent of scintigraphy of post-operative aspiration or severe 
oesophageal dysmotility. Most common post-operative 
complaints were of dysphagia (n = 8), mild epigastric or 
chest pain (n = 4) and bloating (n = 4). Endoscopic dilata-
tion was required in four patients to manage post-operative 
dysphagia.

Quality of life was impaired in most patients which was 
reflected in pre-operative GIQLI scores (mean 89.77, SD 
20.5). Modest improvements at 6 months (mean 98.4, SD 
21.97) and deterioration at 12 months (mean 88.41, SD 
28.07) were not significant (p = 0.07). (Table 3).

Discussion

Reflux pulmonary aspiration may cause symptoms and 
occasionally serious complications. It is uncommon in the 
general population, however, prevalence in a highly selected 
group of patients referred for specialist surgical opinion fol-
lowing failure of maximum medical therapy can be as high 
as 24% [15]. Potential long-term consequences of pulmo-
nary aspiration and pharyngeal contamination by refluxate 
include bronchiectasis, adult onset asthma, recurrent pneu-
monia, laryngeal stenosis, voice changes and laryngeal can-
cer and possibly “idiopathic” pulmonary fibrosis [6, 9, 16].

Evidence of the effectiveness of treatment of extraoe-
sophageal reflux symptomatology is weak [17, 18]. Multiple 

Table 2  Resolution of 
pulmonary aspiration post-
operatively in various IOM 
groups

Normal motil-
ity

Mild IOM Moderate IOM Severe IOM

Post-operative aspiration 0/6 1/7 1/6 9/14
% ongoing aspiration 0% 14.3% 16.7% 64.3%

Chart 3  Association between 
severe IOM and post-operative 
aspiration

10.5

64.3

89.5

35.7

No severe IOM

Severe IOM

0 10 20 30 40 50 60 70 80 90 100

Severe dysmo�lity associated with ongoing
aspira�on post-opera�vely

% resovled aspira�on % ongoing aspira�on

Table 3  Quality of life Score Pre-op (n = 26) 6 months (n = 18) 12 months (n = 22)

GIQOL 89.77 (48–117; SD 20.05) 98.4 (43–133; SD 21.97) 88.41 (34–132; SD 28.07)
Visik 3.12 (1–4; SD 1.01) 2.06 (1–4; SD 0.83) 3.05 (2–4; SD 0.97)
Dysphagia 34.14 (15–45; SD 7.74) 33.61 (2.5–45; SD 10.82) 30.57 (5–45; SD 11.67)
Demester 8.42 (0–13; SD 3.2) 7.39 (2–13; SD 3.35) 7.82 (2–12; SD 3)
LPR 22.85 (0–45; SD 13.6) 17.44 (4–43; SD 11.44) 22.27 (1–44; SD 14.34)
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studies have evaluated safety and effectiveness of surgical 
management of severe reflux without specific focus on 
patients with respiratory symptoms. Although some con-
troversy still exists [19], it is generally accepted that LARS 
can be offered to patients with reflux disease who have failed 
medical therapy [7–9, 17].

Proton-pump inhibitors (PPI) are only effective in reduc-
ing the acidity of gastric contents and only have minor effect 
on volume and frequency of reflux as well as reflux of other 
gastric and pancreatic enzymes and bile that are commonly 
found in stomach [20, 21]. Association between PPI and 
community-acquired pneumonia has been previously estab-
lished [22]. Furthermore, new data from a large US study 
suggest link between long-term PPI use and significantly 
increased mortality [23]. Therefore, reducing the amount, 
frequency and proximal extent of reflux as well as prevent-
ing pulmonary aspiration should be goals of treatment in 
patients with GOR and LPR.

The Society of American Gastrointestinal and Endo-
scopic Surgeons lists pulmonary aspiration as one of the 
indications for anti-reflux surgery [24]. Proximal oesopha-
geal acid reflux on 24-h pH monitoring has been associated 
with pulmonary aspiration, however, this test is limited by 
inability to detect non-acidic reflux episodes and does not 
positively diagnose pulmonary aspiration being merely an 
indicator of probability [15]. Oesophageal impedance has an 
advantage of detecting non-acid reflux episodes; however, 
results in the proximal oesophagus are commonly difficult 
to interpret and clinical relevance of the test has been ques-
tioned by some authors [25]. Scintigraphy is currently the 
only test available to objectively demonstrate pulmonary 
aspiration [13, 15].

This is the first study demonstrating relative effective-
ness of LARS in objective relief of pulmonary aspiration. 
Significant reduction in pharyngeal and upper oesophageal 
contamination with refluxate post-operatively further sup-
ports the potential benefit of surgery in patients with severe 
reflux. This reduction in pharyngeal contamination suggests 
a reduction in pulmonary aspiration severity, which may 
reduce pulmonary symptoms or damage.

Durability of surgical control of aspiration and symptoms 
remains unknown. This study focuses on short-term follow-
up results. Patient satisfaction and symptom control after 
LARS for GORD have been previously reported to be sus-
tained at 10 years [26]. Future studies looking at long-term 
outcomes of surgery in the subgroup of patients with severe 
reflux with pulmonary aspiration are necessary.

It has been previously established that IOM is associ-
ated with increased risk of aspiration in patients with LPR 
and GOR [15]. This study indicates that severe IOM also 
predicts worse outcomes of LARS in patients with pulmo-
nary aspiration. Close to 90% of aspiration was relieved in 
patients with normal motility and mild or moderate IOM, 

whilst a substantial 64% of patients with severe IOM contin-
ued to aspirate to a lesser extent after surgery. Furthermore, 
in patients with severe IOM curves of pharyngeal and upper 
oesophageal contamination on scintigraphy did not improve 
post-operatively. Considering that patient satisfaction with 
the proposed treatment is determined by their expectations 
of the treatment effect, it is relevant to identify patients with 
less favourable prognosis. The presence of severe IOM 
increases risk of ongoing aspiration despite surgery by at 
least 2.5-fold (95% CI 2.459–95.194; p = 0.02). Although 
many of the patients with ongoing aspiration reported 
improvement in symptoms after surgery scintigraphy was 
not predictive. Longer duration studies are required to dem-
onstrate prevention of lung and laryngeal damage.

In patients with massive hiatal hernia, four out of six 
continued to aspirate post-operatively (66%). This was of 
no valid statistical assessment due to tiny sample size of 
the subgroup; however, a more focused study of reversal of 
aspiration in patients with giant hiatal hernia are warranted 
and underway.

Quality of life scores were low in this group of patients. 
Although modest improvement in QoL scores was observed 
at six and deterioration at 12 months, it is remarkable that 
mean score remained low and none of the patient’s quality of 
life scores were comparable with healthy subjects. Lack of 
significant improvement in GIQLI scores may be attributed 
to a small sample size. GIQLI also may not be an optimal 
tool for this group of patients as it will neglect improvement 
in respiratory symptoms whilst being negatively affected by 
post-operative dysphagia which is a known side-effect of 
laparoscopic fundoplication [27]. Relevant quality of life 
tool that includes respiratory and laryngeal symptoms in 
addition to the gastro-intestinal symptoms is warranted to 
assess the effect of surgery on other systems affected by 
extraoesophageal reflux. Leicester cough questionnaire is 
one of the validated tools that may be more appropriate to 
reflect an effect of surgery on quality of life of patients with 
predominant respiratory complications of reflux disease 
[28].

This study was limited by being a cohort design, having 
a small sample size and short follow-up period.

Conclusion

Laparoscopic fundoplication may partially alleviate pulmo-
nary aspiration and pharyngeal contamination in patients 
with severe, treatment-resistant proximal gastro-oesophageal 
reflux disease.

Oesophageal dysmotility is one of the key risk factors for 
aspiration in GOR and LPR. Severe IOM is associated with 
higher risk of persistent aspiration after surgery.
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Long-term effect of surgical treatment of pulmonary aspi-
ration on respiratory and laryngeal function is not known.
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