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Abstract

Background The outcome of anti-reflux surgery in patients with suspected gastro-oesophageal reflux-induced cough is
frequently uncertain. The aims of this study were to assess the efficacy of laparoscopic fundoplication for controlling cough
in patients with chronic cough without asthma, who have pathologic gastro-oesophageal reflux, and to identify predictors
of response.

Methods From a prospective database of 1598 patients who have undergone laparoscopic fundoplication, 66 (4%) with
proven gastro-oesophageal reflux disease (GORD) and chronic cough without asthma were studied. All patients under-
went gastroscopy and 24-h pH monitoring before operation. Heartburn and regurgitation were assessed using a modified
DeMeester score. Severity of cough before and after surgery was self-assessed by the patient using a visual analog scale at
a minimum of 12 months post-operatively (median 43 mo; range: 14—-104 mo). Patients were considered to have responded
to fundoplication if they had no cough or the cough had improved by 50% or more after operation.

Results Cough and heartburn/regurgitation were relieved in 61% (40/66) and 90% (44/49) of the patients, respectively. The
presence of typical GORD symptoms or oesophagitis, and pH study variables did not predict the response of the cough to
fundoplication.

Conclusion Refinement in the aetiological diagnosis of chronic cough due to GORD is necessary for improved outcome.
Patients diagnosed with GORD-related chronic cough need to be counseled regarding their expectations from anti-reflux
surgery.
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Introduction established [2, 3]. GORD can also have extra-oesophageal

manifestations, including in the larynx and airways [4]. It is

Gastro-oesophageal reflux disease (GORD) is common, par-
ticularly in Western society [1]. The role of laparoscopic
fundoplication (LF) in the treatment of patients with typical
symptoms of GORD (heartburn and regurgitation) is well
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estimated that up to 10% of all ENT consultations relate to
GORD, with proposed symptoms as diverse as pain (non-
descript or burning), throat clearing, globus, chronic cough,
hoarseness, nocturnal laryngospasm and cervical dysphagia
[S].

Chronic cough has been defined as persistent, trouble-
some cough for a minimum duration varying from 3 up to
8 weeks [6]. Its adverse effects on the patient’s psychosocial
and physical well-being have been previously documented
[7]. GORD together with upper airway cough syndrome
[UACS, previously known as post-nasal drip syndrome
(PNDS)], chronic bronchitis and asthma are the four com-
monest causes of chronic cough [8]. Asthma itself may be
triggered by GORD, creating a complex clinical interaction
of cause and effect [9]. In around a quarter of cases, more
than one aetiological factor is evident [8].
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Unlike the outcome in patients presenting with typical
GORD, the efficacy of both medical [10] and surgical [11,
12] treatment in patients primarily with laryngopulmonary
symptoms is less clear [13]. A recent systematic review and
meta-analysis of LF for the control of respiratory symptoms
of GORD found modest evidence of benefit for surgery, but
there was considerable heterogeneity in the pre-treatment
diagnosis of both GORD and pulmonary conditions, as well
as the treatment provided [14]. The included studies were
predominantly cohort studies with few comparative studies
and no randomised controlled trials. In addition, patients
with chronic cough without asthma have been reported to
respond differently following anti-reflux surgery compared
with patients with asthma [15, 16].

The aims of this study were first to assess the efficacy
of LF in patients who present with the predominant symp-
tom of chronic cough and who have objective evidence of
GORD. Second, we aimed to identify any pre-operative
clinical predictors for a beneficial response to LF.

Methods
Work-up

A prospective database captured all patients on whom LF
was performed at two tertiary referral centres. This paper
refers to results obtained from patients operated on between
1 November 1991 and 31 December 1999. Preoperative
investigations included oesophago-gastro-duodenoscopy
endoscopy to identify the presence of reflux oesophagitis
or Barrett’s oesophagus, 24-h ambulatory dual channel
oesophageal pH monitoring and at the consulting surgeon’s
discretion, oesophageal manometry, which was generally
used when there were symptoms suggestive of oesophageal
dysmotility. Oesophageal body peristalsis and lower oesoph-
ageal sphincter tone were measured during ten water swal-
lows of 5 ml, 30 s apart. Patients were considered to have
oesophageal dysmotility if they had a “non-specific motor
disorder”, “low amplitude disorder” or “aperistalsis” [17].
All patients presenting with predominantly laryngopul-
monary symptoms had been assessed by thoracic physi-
cians and/or otorhinolaryngology surgeons prior to referral
for consideration of anti-reflux surgery. In some patients, a
gastroenterologist had also been consulted. All patients were
non-smokers or ex-smokers and had the diagnoses of UACS
and chronic bronchitis excluded. Asthma was excluded on
the basis of a histamine challenge test and/or the absence of
broncho-responsiveness to bronchodilators. None were tak-
ing cough-inducing medications (e.g., angiotensin convert-
ing enzyme inhibitors). Referral for surgery was prompted
by failure of medical treatment including proton-pump
inhibitors (PPI), with failure defined as lack of satisfactory

initial symptomatic response or return of the cough after
a period of satisfactory clinical response, or intolerance to
medications (due to side effects or non-compliance).

Surgery

All patients underwent a general anaesthetic and were posi-
tioned supine or in lithotomy, at the surgeon’s discretion. If
present, a hiatus hernia was repaired (without mesh), ensur-
ing an adequate length of intra-abdominal oesophagus. Most
patients underwent a 360° Nissen fundoplication using a
standard technique previously described [2]. Selected
patients underwent laparoscopic posterior 270° (Toupet)
fundoplication or laparoscopic anterior 180° fundoplication
[18] if, in the opinion of the operating surgeon, a full wrap
was contraindicated because of oesophageal dysmotility
detected by pre-operative manometry.

Follow-up

All patients were enrolled in a standard follow-up program,
whereby they were assessed for their symptoms at 1, 3 and
5 years post-operatively by an independent research nurse.
For the purposes of this study, the most recent assessment
was taken as their current symptom status, except where re-
operation had been undertaken, in which case the patient’s
pre-revision status was used. Cough was subjectively
assessed using a visual analog scale (self-assessment by
patients with 0 being no cough and 10 being the worst cough
they could imagine) pre-operatively and at least 12 months
post-operatively. DeMeester symptom scores [19] were used
to assess the severity of heartburn, regurgitation and dyspha-
gia, and were prospectively collected pre-operatively and at
1 and 3 years post-surgery. Each symptom was scored 0-3
in order of increasing severity. Briefly, absence of the symp-
tom scored zero, an occasional non-troublesome symptom
scored 1, a score of 2 was allocated for a symptom occurring
more than once per week, and 3 was allocated for daily, or
nocturnal symptoms requiring long-term PPI therapy. For
dysphagia, a score of 2 is allocated for difficulty swallowing
requiring liquids to clear two or more times per week, and
3 is for bolus obstruction requiring medical intervention, or
the need to avoid certain foods altogether. A score of 2 or 3
is considered to be clinically significant. Patient satisfaction
with laparoscopic fundoplication at 1 year was assessed by
asking them whether they would go through the operation
again given their experience with it.

Statistics
Cough scores were correlated with pre-operative clinical

variables including patient age, weight, gender, presence
and severity of reflux symptoms, endoscopic findings and
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24-h ambulatory oesophageal pH monitoring, both proximal
and distal. Statistical analyses were performed using SPSS
for Windows, Release 9.0.0 (SPSS Inc., Chicago, IL, USA).
Cross-tabulated comparisons between groups for categorical
variables were achieved by y? analysis. The two-tailed t test
was used for comparisons of means and Mann—Whitney U
test for non-parametric data.

Ethics

All patients in this study provided informed written consent
to have their data included. The study complied in all aspects
with the National Health and Medical Research Council of
Australia’s Guidelines on Human Research.

Results
Clinical characteristics

Of the 1598 patients in the database with proven GORD
undergoing laparoscopic fundoplication, 168 (10.5%) pre-
sented with laryngopulmonary symptoms (Fig. 1). The
distribution of laryngopulmonary symptoms is shown in
Table 1. 66/168 had chronic cough as their principal pre-
senting symptom. The median age of this group was 56 years
(31-76 years), 41 patients (62%) were female, and median
follow-up was 43 months (12-104 months).

The 66 patients had chronic cough for a median of
48 months (5-240 months) prior to surgical consultation.
The median pre-operative cough score was 9.5 (5-10). The
other pre-operative clinical features are shown in Table 2.
All 66 patients had GORD confirmed on the basis of endo-
scopic evidence of ulcerative reflux oesophagitis and/or a
positive result on 24-h ambulatory pH monitoring (total time
pH <4 >4% of study time). In 49/66 (74%) patients, cough
was associated with clinically significant symptoms of heart-
burn and/or regurgitation with a DeMeester score of 2 or
greater. The remaining 17/66 (26%) did not have any clini-
cally significant heartburn and/or regurgitation (score < 1),
but had endoscopic features of reflux oesophagitis and/or a
positive pH study.

Operative details

The median operation time was 80 min (40-230 min). Fifty
eight (88%) had a laparoscopic Nissen fundoplication, 6
(9%) had a laparoscopic Toupet fundoplication and 2 (3%)
had a laparoscopic anterior fundoplication. The superior
short gastric vessels were divided in 94% of cases. One pro-
cedure was converted to open fundoplication due to equip-
ment failure. Median length of stay was 3 days (1-14 days).

@ Springer
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Fig.1 Flow diagram of study population, follow-up and outcomes

Table 1 Frequency of different laryngopulmonary symptoms in 168
patients undergoing laparoscopic fundoplication

Laryngopulmonary symptoms n=168
Asthma n=284 (50%)
Chronic cough n=66 (39%)
Pneumonia/COAD/pulmonary fibrosis n=12 (7%)
Hoarse voice/vocal cord granuloma/laryngitis n=6 (4%)

Morbidity and mortality

Three patients (4.5%) suffered early morbidity (within
30 days of surgery). One was readmitted with acute dys-
phagia after discharge; this resolved with conservative
treatment. Two patients who had undergone laparoscopic
Nissen fundoplication suffered immediate severe dysphagia
and required early re-operation for conversion to a partial
fundoplication. Two patients (3%) experienced late mor-
bidity, both suffering severe chronic dysphagia (DeMeester
score 3). They underwent endoscopic dilatation and one
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Table 2 Preoperative clinical characteristics of patients with GORD-
related chronic cough

Oesophageal n=:66 (%)
manometry
LOSP(mmHg)
0 10 15
1-10 41 62
>10 13 20
Not measured 2 3
Motility study
Normal 46 70
NSMD 10 15
Low amplitude 7 11
Aperistaltic 1 2
No studied 2 3
Hiatus Hernia
Yes 25 38
No 33 50
Unknown 8 12
Endoscopic and pH n=66 (%)
study findings
Oesophagitis
Nil 25 43
Erythema 9 16
Linear ulcers 15 23
Confluent ulcers 5 9
Barrett’s
Not available 3 6
24-h distal pH study
(pH<4)
Total acid expo- 16 24
sure <4%
Total acid expo- 41 62
sure > 4%
Not available 9 14
24-h proximal pH
study (pH<4)
Total acid expo- 7 11
sure <0.6%
Total acid expo- 30 46
sure >0.6%
Not assessed 29 44

subsequently had a conversion from a Nissen to a Toupet
fundoplication resulting in resolution of dysphagia. There
was no operative mortality in this series.

Post-operative assessment
Cough was assessed post-operatively in all 66 patients at

a median of 43 months (range 12—104 months) and sum-
marised in Table 3. The median post-operative cough

score was 3 (0-10). Twenty patients (30%) had no cough
(complete resolution) with a further 20 (30%) having an
improvement of 50% or greater. Post hoc analysis showed
an improvement of 50% or greater correlated most closely
with the patient’s satisfaction rating, and hence, these
two subgroups were combined (n=40) and subsequently
referred to as the “responder” group. Eight patients (12%)
had improvement of less than 50%, 16 (24%) had no
change and 2 (3%) felt that their cough was worse than
before operation. These were combined (n=26) to create
the “non-responder” group.

DeMeester symptom scores before and after operation
are shown in Table 4. 38/66 (58%) Patients had clinically
significant heartburn pre-operatively, which reduced to
2/66 (3%) at 1 year. 43/66 (65%) patients had clinically
significant regurgitation pre-operatively, which reduced
to 5/66 (8%) patients at 1 year, Combining these two
metrics, 60/66 (91%) patients were free of any clinically
significant heartburn or regurgitation at 1 year. At 1 year,
67% of patients were satisfied with the results of their
surgery, 20% were not and 13% were unsure. For com-
parison, patients without laryngopharyngeal symptoms
but with typical heartburn and regurgitation undergo-
ing laparoscopic fundoplication during the same study
period had a satisfaction rate at 1 year of 94%. Data were
available for 37 patients at 3 years. Clinically significant
heartburn increased to 3/37 (9%) at 3 years, although no
patients had a symptom score of 3, with clinically sig-
nificant regurgitation in 1/37 (3%) at 3 years. Dysphagia
marginally increased from 10/66 (15%) pre-operatively
to 13/66 (20%) at 1 year, but dropped to 1/37 (3%) by
3 years.

Predictors of response

Clinical variables were compared between the responders

Table 3 Summary of cough-

related outcomes. Cough was " %
rated using a visual analog scale Pre-op 66 100
ranging from O (no cough) to 10 Post-op 46 70
Improvement
Complete 20 30
>50% 20 30
<50% 8 12
None 16 24
Worse 2 3

and non-responders. No significant predicting factors were
identified (Table 5), although there was a trend towards
response for younger patients, higher weight and those with
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oesophageal dysmotility doing better. In particular, severity
of reflux in terms of symptom score, degree of oesophagi-
tis or extent of acid exposure either in the proximal or dis-
tal oesophagus, were not significantly different between
responders and non-responders. Other variables derived
from 24-h pH monitoring including nocturnal and diurnal
mean acid exposure time; total, nocturnal and diurnal num-
ber of reflux episodes, number of reflux episodes >5 min and
duration of longest reflux episode, and correlation between
acid reflux events and cough events were also not different
between responders and non-responders (data not shown).

Discussion

Chronic cough of unknown aetiology is a common clini-
cal problem. The prolonged duration of cough (median
48 months) prior to surgical referral for LF seen in this
cohort reflects the difficulty in diagnosis and effective treat-
ment of many patients with chronic cough. Those referred
for consideration for LF will usually have had asthma, UACS
and pulmonary parenchymal disease ruled out as aetiologi-
cal factors. Chronic cough and GORD are both common,
making it difficult to establish gastro-oesophageal reflux as a

causative factor of chronic cough. Clinical decision-making
is further complicated by the often complex and multifacto-
rial aetiology of chronic cough [8].

Twenty-four hour ambulatory pH monitoring has long
been proposed as an effective investigation for the diag-
nosis of GORD-related cough [20]. Further refinement
of this investigation with the addition of a proximal pH
electrode was considered an advance [21]; however, the
degree of proximal acidification may not be more discern-
ing in detecting those with reflux-related laryngopulmonary
symptoms than distal acidification alone [22]. Activation of
vagal afferent C-fibres induces cough-reflex hypersensitivity
[23]. While there are no convincing human data that such
activation can trigger the cough reflex per se [24], there are
animal studies suggesting acidification of the oesophagus
does cause neurogenic inflammation of the airway, adding
further complexity to the relationship between GORD and
chronic cough [25].

Another widely heralded advance was the development
of symptom association scores, which are now considered
an integral part of the investigation of GORD [1]. How-
ever, their role in determining whether GORD is responsi-
ble for laryngopharyngeal symptoms is still evolving [26].
A combination of oesophageal physiology metrics such as

Table 4 Summary of symptoms

. DeMeester Symptom Score 0 1 2 3 Total
pre-operatively and at 1 and
3 years a}fte? Operaﬁioﬂ;ﬂ 66 Heartburn Pre-op 17 (26%) 11 (16%) 17 (26%) 21 (32%) 66
patients having anti-reflux 1 year 47 (71%) 17 26%) 0 2 3%) 66
surgery for chronic cough
3 years 26 (70%) 8 21%) 3 (9%) 0 37
Regurgitation Pre-op 12 (18%) 11 (17%) 23 (35%) 20 (31%) 66
1 year 50 (76%) 11 17%) 3 (4%) 2 (3%) 66
3 years 30 (81%) 6 (16%) 0 1(3%) 37
Dysphagia Pre-op 40 (61%) 16 24%) 10 (15%) 0 66
1 year 36 (54%) 17 (26%) 11 (17%) 2 (3%) 66
3 years 26 (70%) 10 27%) 1(3%) 0 37

Table 5 Comparison of clinical characteristics between responders and non-responders to anti-reflux surgery. Comparisons statistically analysed

using Chi-squared test

Responders (n=40) Non-responders (n=26) P value
Mean age (years) (SD) 52.8 (11.0) 58.7 (11.3) 0.051
Mean weight (kg) (SD) 79.4 (12.0) 73.1 (10.6) 0.054
Median duration of symptoms (months) (range) 48 (5-240) 60 (12-240) 0.260
% With heartburn (DeMeester score 2,3) 58 48 0.429
% With regurgitation (DeMeester score 2,3) 64 57 0.571
% With hiatus hernia 43 43 0.973
% With oesophagitis 58 55 0.807
% With oesophageal dysmotility 77 55 0.074
Mean total acid (pH < 4) exposure time at proximal probe, n=33 (SD) 4.7% (7.1) 5.7% (9.5) 0.727
Mean total acid (pH < 4) exposure time at distal probe, n=50 (SD) 9.7% (8.1) 9.7% (8.1) 0.999
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acid exposure time and symptom association score may be
the best way to predict response of cough to proton-pump
inhibitor [27, 28], which presumably would extrapolate to
the efficacy of anti-reflux surgery.

Our cohort represents a select group of patients in whom
cough was the sole laryngopulmonary symptom and GORD
was demonstrated to be present. Such patients are often
referred for consideration for LF as a last resort, and there
may be the expectation that control of reflux will lead to
elimination of the cough. The cohort has had semi-quantita-
tive grading of both reflux symptoms and cough before and
at least 1 year after fundoplication. Follow-up oesophageal
pH monitoring was not routinely done, since the primary
focus of this study was the patient-reported outcome meas-
ure of cough score.

Seventy-four percent of our patients had associated
typical symptoms of GORD, with the rest having chronic
cough as the sole symptom. However, the presence of typi-
cal GORD symptoms did not appear to predict the outcome
for chronic cough after LF. As might be expected, LF con-
trolled typical GORD symptoms in>90% of our cohort.
However, only 61% of those with chronic cough experienced
significant (> 50%) relief of their cough. The lower response
rates seen with chronic cough compared to those with typi-
cal GORD symptoms may be attributed to the difficulty in
arriving at a complete and accurate aetiological diagnosis of
chronic cough. Chronic cough is known to be due to multi-
ple disorders in 26% of patients [8]. Hence, treating GORD
alone will not be expected to result in complete relief in
these patients. Moreover, some causes of cough are related
to, or may trigger, other causes of cough. Chronic cough
from any cause may also precipitate GORD in a self-perpet-
uating cough-reflux cycle [29]. Hence, a positive pH study
for GORD in a patient with chronic cough may be precipi-
tated by cough from an alternative aetiology.

Our data contrast with other studies that have reported
that the presence of typical GORD symptoms was predic-
tive of cough improvement. For example, Chen and col-
leagues showed in a cohort of comparable size to ours that
65% of patients with typical GORD symptoms had cough
resolution, compared with only 27% of those with atypical
symptoms [30]. Falk and colleagues showed improvement
in symptom scores for patients with mixed typical GORD
and LPR symptoms versus those with LPR symptoms alone,
although the degree of improvement was greater in the for-
mer [31]. This may be explained by the mixed subgroup
having a greater number of symptoms from which they could
be saved by LF. Patient satisfaction was > 85% in both sub-
groups, which is greater than ours (67%) and the cohort
from Park et al. (71%) [32]. Aiolfi and colleagues reported
improved LPR scores of 91% in the 29 patients with 3-year
follow-up, which would presumably correspond with patient
satisfaction [33]. A recent systematic review examining

improvement in LPR (as measured by the Reflux Symptom
Index pre- and post-LF) contained data from nine studies
with a total of 287 patients undergoing LF [34]. Only one
of these studies reported whether the patient was happy with
their operation (Igbal et al., 85% satisfaction) [35]. Notably,
studies in this systematic review had the broad inclusion
criteria of symptoms of LPR, rather than chronic cough as
the principal symptom.

In our cohort of patients with the principal symptom of
cough and objective evidence of GORD, the severity (as
measured by standard pH study metrics such as acid expo-
sure time) did not provide any prognostic value. This is in
keeping with other similarly designed and sized studies
that have found no association between post-fundoplication
improvement in LPR symptoms and any metrics from the
pH study, including symptom association probability [26,
31]. The ability to predict response to LF, therefore, remains
difficult.

Indeed, based on data derived from our current study as
well as the published literature, there are no robust pre-oper-
ative clinical variables that can be used to predict post-oper-
ative outcome in this group of patients. None of the meas-
ured variables were statistically predictive of response in our
cohort, although there appeared to be a trend to response for
those who were younger, higher weight or with oesophageal
dysmotility. It is unclear why age may influence response
of cough to LF. It seems possible that older patients may
have a broader list of possible causes for chronic cough.
Other literatures suggests that older patients are more likely
to have atypical symptoms and a higher rate of oesophageal
dysmotility [36]. This does not necessarily conflict with our
data showing response is more likely in young patients or
those with oesophageal dysmotility, because these char-
acteristics are not mutually exclusive. Meta-analyses have
clearly shown that obesity is a risk factor for GORD, with
the prevalence of clinical and endoscopic features increas-
ing with weight [37, 38]. Oesophageal dysmotility has been
purported to be a significant contributing factor in chronic
GORD-related cough [39]. One possible mechanism is the
reduced clearance of refluxed gastric contents [40]. Dysmo-
tility is not reliably corrected by anti-reflux surgery [41], but
LF would reduce the volume of oesophageal contents that
could otherwise be propelled in an oral direction predispos-
ing the patient to continued aspiration. However, the pres-
ence of dysmotility remains of limited to no usefulness in
pre-operative selection of patients with cough for LF, just as
the presence of dysmotility remains of uncertain significance
to surgical outcomes [42].

We have not evaluated response rates for cough in rela-
tion to the effectiveness of previous PPI treatment, since
most patients in this series had failed medical treatment. All
patients referred for operation in this series had already been
treated with maximum recommended doses of a PPI (albeit
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different treatment regimens reflecting the heterogeneous
nature of the specialist referral base). One previous report
has suggested that patients who respond to PPI therapy do
better after anti-reflux surgery than those whose cough has
not responded. However, other reports have refuted these
findings [43]. PPIs are effective in reducing gastric acidity
but may not correct the problem of regurgitation of non-acid
material, which may persist in irritating the oesophagus and
pharynx and stimulate the cough reflex.

There are several limitations to our study, aside from the
inherent problems of a retrospective analysis. We did not
have symptom association scores for the cohort to determine
if they were predictive of outcome. However, as described
earlier, their utility was limited in other similar studies. We
also did not have any impedance study information.

Overall, based on our study and available literature, it
appears there are no reliable pre-operative clinical predic-
tors for a satisfactory response of cough to LF. This prob-
ably reflects an inability to currently obtain a complete and
accurate aetiological diagnosis of chronic cough, even in
the presence of known abnormal gastro-oesophageal reflux
disease. The morbidity from LF in expert centres is low.
Therefore, in a well-chosen cohort of patients with chronic
cough, LF can yield good patient satisfaction rates, albeit
less than one sees in patients who have had the surgery for
typical GORD symptoms.
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