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Bama pig is a suitable animal for studying

laryngopharyngeal reflux disease

Cover figure. Pigs, due to their laryngopharyngeal anatomy and physiology sharing signifi-
cant similarities with humans, can be utilised to establish a model for laryngopharyngeal reflux
disease (LPRD). During the experimental process, changes in the laryngopharyngeal pH levels
of pigs can be monitored by placing a Dx-pH probe.

Summary

Objective. To assess the suitability of Bama pigs as a model for laryngopharyngeal reflux disease
(LPRD) research.

Methods. Sixteen 8-month-old male Bama pigs underwent esophageal manometry to determine
the precise anatomical positioning of the upper (UES) and lower esophageal sphincters (LES) rela-
tive to the incisor teeth, as well as their respective contraction intensities. The pigs were randomly
allocated into three experimental groups (n = 6, 5, 5), with each group subjected to Dx PH-probe
monitoring. In Group 1, animals were fasted for 24 hours and water-deprived for 6 hours before
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undergoing pH monitoring under anaesthesia. Group 2 was anaesthetised two hours post-normal feeding and subsequently monitored. Group 3 also
received anaesthesia two hours after eating but were monitored in an awake state.

Results. The mean distance from the UES to the incisor teeth was found to be 19.8 + 1 cm, while the LES was located at 40 + 2.5 cm. The resting pressure
measurements revealed a mean value of 64 + 12 mmHg for the UES and 20 + 4 mmHg for the LES in Bama pigs. Laryngopharyngeal pH values across
the three groups were 7 = 0.6, 7 = 0.5, and 7.4 + 1.2, respectively, showing no significant differences or reflux events. Similarly, there was no statistically
significant difference in the lower oesophageal pH between Group 1 and Group 2.

Conclusions. The Bama pig emerges as a suitable animal model for studying LPRD, given its comparable physiological parameters. The feasibility of estab-
lishing a reflux model in Bama pigs and using it to investigate the underlying mechanisms of LPRD is convincingly supported by these findings.

Key words: LPRD, Bama pig, animal model, esophageal manometry, pH monitoring

Introduction

Laryngopharyngeal reflux disease (LPRD) constitutes a
pathological condition characterised by the retrograde
movement of gastric contents beyond the upper esophageal
sphincter, thereby manifesting in a constellation of symp-
toms and signs !. Globally pervasive, LPRD represents a
significant health concern with documented prevalence
rates ranging from 9.3% in Italy % to 10.1% in China *, esca-
lating to 11% in India * and 18.8% in Greece 5, and reaching
as high as 34.4% in the United Kingdom ¢, thus illustrating
its extensive occurrence across various geographic areas
and populations. Similarly, as another condition related to
reflux, gastro-esophageal reflux disease (GERD) also ex-
hibits a considerable prevalence, affecting, for instance, up
to 38.5% of the population in Italy, thereby highlighting its
significant health burden 2. Initially recognised as an extra-
esophageal manifestation of GERD, LPRD has exhibited
strong associations with GERD. Notably, 71% of such in-
dividuals experienced hoarseness while 51% reported per-
sistent cough, indicating a potential correlation between
GERD and LPRD ’. However, through deeper investigation,
a consensus among experts emerged that although a con-
nection exists, there are differences between these two dis-
eases ®. While both conditions relate to the reflux of stom-
ach contents, it is noteworthy that not all patients diagnosed
with LPRD report typical acid reflux or heartburn symp-
toms, in contrast to those suffering from GERD °. Given
the substantial incidence and medical burden on affected
individuals, it is imperative to delve into the underlying
mechanisms of LPRD in order to enhance diagnostic preci-
sion and therapeutic strategies.

The pathophysiological intricacies of LPRD have been the
subject of extensive research over several years, largely
through the development and utilisation of diverse animal
models. Among these experimental animals, which typi-
cally include mice, rats, guinea pigs, rabbits, and pigs, the
pig has emerged as a more favourable option for LPRD
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studies. The porcine larynx is known to exhibit structural
similarities with that of humans '°, rendering it a suitable
proxy for investigating analogous pathological processes.
When exposed to gastric refluxate, pigs display pertinent
pathological alterations in their throat mucosa, such as in-
flammation, widened intercellular spaces, and diminished
desmosomes !!, thereby providing valuable insights into the
fundamental mechanisms underlying LPRD. Previous re-
searchers have indeed constructed Bama pig models of lar-
yngopharyngeal reflux, yet these endeavours did not focus
on the physiological attributes specific to this species . In
this context, our study uniquely presents an in-depth char-
acterisation of the upper aerodigestive tract properties in
Bama pigs and critically discusses the rationale for induc-
ing laryngopharyngeal reflux.

Given the fact that laryngopharyngeal reflux arises from the
daily occurrence of gastric contents reflux and in light of
the influence of anaesthesia medications and dietary intake
on gastrointestinal motility, this study uniquely examines
the pH value characteristics within the laryngopharynx
of healthy Bama pigs under a spectrum of distinct condi-
tions. Specifically, we explore the differences in pH values
between anaesthetised and awake states, as well as during
fasting compared to non-fasting intervals. This meticulous
investigation into the effects of these variables represents a
novel and innovative facet of our research endeavour.

Materials and methods

Animals

Sixteen male Bama pigs were procured from the Beijing
Shichuang Century Minipig Breeding Facility. These
8-month-old animals exhibited an average length of 75.5 +
2 cm and weighed 13.2 + 1.8 kg each. Prior to commencing
experimentation, the pigs were acclimatised for a week in
an environment with optimised temperature and humidity
conditions, and they received a twice-daily feeding regi-



men to ensure adequate adaptation. Subsequently, these 16
subjects were randomly assigned into three experimental
groups (n = 6, 5, 5), respectively, for pH monitoring under
three distinct sets of circumstances. It is noteworthy that all
experimental protocols were sanctioned by the Institutional
Animal Care and Use Committee (IACUC) of our hospi-
tal, thereby ensuring compliance with ethical standards
throughout the study process.

Esophageal manometry

A four-channel esophageal manometry system (MMS,
Netherlands) was employed to determine the spatial rela-
tionship between the upper and lower esophageal sphinc-
ters (UES and LES), relative to the incisor teeth, as well
as to measure their respective resting pressures. Following
calibration, the manometric catheter was orally inserted in-
to the Bama pig’s esophagus under endoscopic guidance to
ensure accurate placement. Upon gradual advancement of
the device, two discernible pressure peaks were identified,
which corresponded to the resting pressures at the UES and
LES. Concurrently, the precise distance between these two
sphincteric structures and the incisor teeth could be directly
read from the scale on the equipment. The resting pressure
for each sphincter was defined as the mean value obtained
from a 10-minute continuous recording period, thus provid-
ing a reliable representation of their baseline tonic state.

Ambulatory pH monitoring

The pH monitoring process was executed utilising the
Dx-pH system (Respiratory Technology Corporation, San
Diego, CA), which was selected for its technical specifi-
cations and suitability for this investigative endeavour. In
accordance with the predefined experimental stratification,
distinct pre-procedural treatments were administered to
each group. Among these, Bama pigs within the first ex-
perimental cohort (n = 6) underwent a regimen of fasting
from solid food for a period of 24 hours, accompanied by
abstinence from water consumption for the final 6 hours
preceding the commencement of the experimental protocol.
Anaesthesia was conducted by intramuscular injection of
1 mg ketamine and tracheal intubation was used to main-
tain sufficient oxygen supply. Lumina was given 1 mg in-
termittently to maintain the depth of anaesthesia and vital
signs of Bama pigs were continuously evaluated to prevent
accidents. Following meticulous calibration in buffer solu-
tions at pH 4 and 7, a Dx-pH probe was positioned at the
level of the esophageal entrance proximal to UES for the
purpose of 2h laryngopharyngeal pH monitoring (Fig. 1).
Concurrently, another probe was placed precisely 3 cm

Suitable animal model for LPRD

Figure 1. Laryngopharyngeal pH monitoring. The Dx-pH probe is placed
at the orifice of the esophagus above the UES to monitor laryngopharyn-
geal pH.

above LES, guided by the outcomes of esophageal manom-
etry, and maintained there for a continuous period of two
hours (Fig. 2). The second experimental group, comprising
five subjects, underwent feeding 2h prior to the commence-
ment of pH monitoring and thereafter followed an identical
protocol involving anaesthesia administration, probe place-
ment procedures, and a subsequent two-hour pH monitor-
ing session. In contrast, the third group, also consisting of
five subjects, mirrored the preoperative preparation regi-
men of the second group; however, a key divergence lay in
the cessation of anaesthesia following the secure fixation of
the electrode. The pH monitoring process was initiated and
sustained for a duration of two hours immediately upon the
attainment of full consciousness by the Bama pigs. Due to
the inherent restriction imposed by the abbreviated length
of the Dx-pH catheter, measuring 46 cm, it proved chal-
lenging to ensure a proper fixation of the probe in the lower
esophageal region of an awake Bama pig (Fig. 3). Conse-
quently, for the subjects in the third experimental group, pH
monitoring was confined solely to the laryngopharyngeal
region. The entirety of the collected monitoring data was
processed using Dataview Lite V3 software, and from these
readings, an average pH value was computed accordingly.
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Figure 2. Lower esophagus pH monitoring. The Dx-pH probe is placed
3 cm above the LES to monitor pH value of lower esophagus.

Table I. Laryngopharyngeal pH in three groups.

Subgroup ‘ Median (interquartile range) ‘ | ‘ p
First group 7(0.6) 0.971| 0.616
Second group 7(0.5)

Third group 74(1.2)

Table Il. pH value of lower esophagus.
Subgroup ‘ Median (interquartile range) ‘ Z ‘ p

First group 6.2 (1) -2.008 | 0.052

Second group 7(0.8)

Statistical analysis

SPSS 27.0 statistics software was used to analyse data. Data
was presented as x =+ s if obeying normal distribution, and
described by median (interquartile range) if not. The non-
parametric tests were used to determine whether significant
difference existed among different groups’ pH monitoring
results.

Figure 3. Dx-pH probe fixation method of the third group. The probe
located at the level of esophagus entrance is placed transnasally and
sutured onto the skin of cheek (shown by the black arrow).

Results

Distance of UES and LES from incisor teeth

The results of esophagus manometry of 16 Bama pigs re-
vealed that UES was located at the distance of 19.8 + 1 cm
from the incisor teeth, while LES was 40 + 2.5 cm from the
incisors.

Resting pressure of UES and LES

The average resting pressure of UES and LES was
64 = 12 mmHg and 20 + 4 mmHg, respectively. The con-
tractile force of UES was significantly stronger than LES,
suggesting that its impact on the development of LPRD
cannot be ignored.

Dx-pH monitoring results

No reflux events were observed in all laryngopharyngeal
pH monitoring processes. The laryngopharyngeal pH of
three groups was 7 +£ 0.6, 7 £ 0.5, and 7.4 + 1.2, respective-
ly. There was no significant difference among three groups’
results (Tab. I, p > 0.05). The pH of Bama pigs’ lower es-
ophagus of the first and second group were 6.2 = 1 and 7 +
0.8, respectively, showing no significant difference (Tab. II,
p > 0.05).



Discussion

LPRD was initially postulated by Koufman in 1991 7 and
later gained recognition within the American Academy of
Otolaryngology - Head and Neck Surgery in 2002 . Ini-
tially, LPRD was conceptualised as an extra-esophageal
manifestation of GERD, yet its understanding was impeded
due to a lack of clear definitional boundaries. A pioneer-
ing study involving GERD patients revealed that nearly
one-third exhibited laryngopharyngeal symptoms, such as
chronic cough . With the advent of more extensive re-
search, GERD has been precisely defined as a condition
arising from the retrograde movement of gastric contents
with a pH < 4 across LES into the esophagus. In contrast,
LPRD is characterised by the reflux of stomach contents
beyond UES, which can be categorised into acid and non-
acid reflux types '*. Notably, the laryngeal mucosa exhibits
heightened susceptibility to reflux-induced damage com-
pared to the esophageal mucosa '°; thus, less frequent and
higher pH reflux events are sufficient to trigger LPRD. Em-
pirical evidence suggests that the esophagus can tolerate
up to 50 reflux episodes per day without significant injury,
whereas reflux events occurring merely three times weekly
may be considered pathological for laryngopharyngeal tis-
sues !4, highlighting the differential tolerance threshold be-
tween these anatomical regions.

The abnormality of structure or function of anti-reflux barri-
ers plays a key role in the development of LPRD, especially
the decrease in contractility of UES and LES 6. Accord-
ing to a survey conducted in people free from LPRD and
GERD, the normal pressure of UES is 56.16 + 5.02 mmHg
and of LES is 22.73 + 5.53 mmHg . Clinically, Reflux
Symptom Index (RSI) and Reflux Finding Score (RFS)
formulated by Belafsky are common and convenient diag-
nostic approaches for LPRD but lack specificity '8, since
some symptoms and signs can overlap with other diseases.
Utilising the Reflux Symptom Score (RSS) encompassing a
broader spectrum of symptoms proves to be a more reliable
method for assessing the likelihood of LPRD in patients '°;
however, a definitive diagnosis of LPRD cannot be solely
based on subjective symptomatology alone. As a supple-
ment, 24h multichannel intracavity impedance pH moni-
toring (24h MII-pH monitoring) is thought as the golden
standard to make a diagnosis of LPRD *. The mean laryn-
gopharyngeal pH value is 7 and acidic reflux events are sel-
dom detected in healthy volunteers undergoing 24h MII-pH
monitoring . A reflux event with pH < 5.5 in the upright
position or < 5 in the supine position caught by 24h MII-
pH monitoring is considered abnormal. Dx-pH monitoring
is also an objective method, which defines the diagnostic

Suitable animal model for LPRD

criteria as Ryan index > 9.41 in the upright position and/or
> 6.79 in the supine position '.

It is essential to figure out the pathogenesis of LPRD by es-
tablishing suitable animal models because of its complexity
and uncertainty. LPR can be induced by endogenous and
exogenous methods in animals, in which endogenous meth-
ods are more credible by mimicking its pathophysiological
process 2. Mice, rats, guinea pigs, rabbits and pigs are all
considerable choices to be used to conduct relevant studies.
Marinho et al. found that inflammation of laryngeal tissue
could be induced by inserting a nasogastric tube into rat’s
stomach 2. By ligation of pylorus and gastric fundus, his-
tological inflammatory changes were verified in rats’ upper
aerodigestive mucosa by Shimazu et al. 2%, while Habesoglu
found that soft palate tissue in rats suffered from similar
damage caused by reflux contents . Hu et al. successfully
established LPR model by performing total cardiomyec-
tomy in New Zealand rabbits and observed obvious sub-
mucous gland hyperplasia in the surgical group 2. Cao et
al. also chose New Zealand rabbits to establish LPRD ani-
mal model and revealed that pepsin concentration in vocal
cord increased significantly compared with a control group,
which was induced by the simultaneous dilation of UES
and LES 7.

Stimulated by low pH and pepsin, squamous epithelial pro-
teins Sep70 and Sep53 were found to be significantly de-
creased in a porcine organ culture model in vitro, which was
consistent with changes of LPRD patients’ laryngeal Sep70
and Sep53 8. Different parts of porcine laryngeal mucosa
tended to response to acid and pepsin differently, mirroring
changes caused by LPR in human larynx. In porcine, sub-
glottic mucosa was most sensitive to damage of acid and
pepsin, while posterior commissure was least *. Consider-
ing the similarity of pig and human laryngeal mucosa, which
both consisted of stratified squamous and respiratory-type
epithelium ', Feng et al. planted metal stents to dilate UES
and LES and demonstrated the increased intercellular space
and decreased desmosomes of laryngopharyngeal mucosa,
indicating the probable mechanism with which reflux con-
tents damaged the intercellular barriers .

Previous animal studies suggest that artificially induced
relaxation of LES with or without UES can lead to the de-
velopment of LPRD. Emphasising the important effect of
esophageal sphincter on anti-reflux, it is essential to study
underlying mechanisms and develop effective therapy of
LPRD by animal models. There are a variety of animals
to choose from, but not all of them can convincingly show
the development of disease similar to the human body.
Our research makes an understanding of characteristics of

25



Q. Shi et al.

8-month-old Bama pigs. Like humans '/, Bama pigs have

significantly higher UES pressure than LES (64 + 12 mmHg
vs 20 £ 4 mmHg). Considering the effect of anaesthesia and
diet on laryngopharyngeal pH, 16 Bama pigs have been di-
vided into three groups and monitored. Among three groups’
monitoring results, the laryngopharyngeal pH was nearly 7
and not affected by diet and anaesthesia. Similarly, another
research concluded that fasting or not had little effect on
the incidence of LPR in people *°. Compared with healthy
people, Bama pig has similar esophageal pressure gradient
distribution and stable and neutral laryngopharyngeal pH.
In histological examination of animals’ normal larynx, pigs
and rabbits have stratified squamous and respiratory epithe-
lium, rather than rat and mouse . Investigated by electron
microscopy, the larynx mucosa in porcine presents a transi-
tion from stratified squamous epithelium in supraglottic re-
gion to pseudostratified squamous epithelium in subglottic
region, which is different from what observed in the rabbit
larynx 8. The physiological characteristics of pig larynx are
the basis of its application to study LPRD. Moreover, the
changes of tight junction molecule and E-cadherin expres-
sion in pig larynx caused by reflux contents is also compa-
rable with human '°.

Compared with exogenous methods, LPRD induced by en-
dogenous methods is more able to simulate pathological
conditions and requires experimental animals’ high tolerance
to surgery. Therefore, a relatively large species is a better
option, like pig. Feng et al. established a Bama pig model
for LPRD by stent implantation with 80% success rate. In
view of the variability of stent position and the uncertainty
of expansion effect, a new and feasible surgical procedure
for LPRD model is worth considering. It is of great impor-
tance to reproduce the disease process in experiment when
digging into the pathogenesis of LPRD. Previous research
show that in pig’s larynx, intercellular connection can be
damaged and expression of some proteins such as Sep70 and
Sep53 can be diminished as a result of LPR, which is also
proven in human. Different effects of reflux contents on pig
larynx mucosa depend on different anatomical sites, which
also mimics clinical changes in true LPRD. It is credible that
new pathological changes observed in pig LPRD model can
reflect relevant mechanisms in patients, which remains to be
confirmed. Finally, as classic laboratory animal, pig can be
raised in a standardised manner, and the price is moderate.
Pigs of different ages, genders and weights can be chosen at
will and are easily available.

Through the present study, we understood characteristics of
the esophageal sphincter pressure and laryngopharyngeal
pH value of Bama pigs. The 8-month-old Bama pig has
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a moderate size and can be easily obtained from breeding
base. Modeling operation can be performed in Bama pigs
with high tolerance to surgery to observe subsequent patho-
physiological changes, which are expected to be verified
in LPRD patients in the future. Considering these features,
Bama pig is a suitable animal for studying LPRD.

Conclusions

LPRD is a common burden to patients visiting Otorhino-
laryngology - Head and Neck Surgery clinics. People with
LPRD always experience chronic symptoms which lower
their quality of life. It is meaningful to understand the
underlying mechanisms and carry out effective manage-
ments of LPRD clinically. It is reported that pig presents
similar physiological larynx manifestations and pathologi-
cal changes as humans when experiencing laryngopharyn-
geal reflux. Abnormal findings observed in pigs concern-
ing LPRD can be considered for validation in patients. In
our research, 8-month-old Bama pigs are characterised by
higher UES pressure than LES and stable laryngopharyn-
geal pH of around 7 and can be considered a good experi-
mental model.
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