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Summary: The aim of this study project was to prepare our own method of porcine oesophageal manometry. Ten mature 
experimental pigs entered the study. Conventional water-perfused system was decided for manometry. Porcine resting 
and relaxed pressures of the lower oesophageal sphincter are fully comparable with healthy human subjects. Evocable 
swallowing is doable and oesophageal peristalsis is quantifiable. Basic manometric parameters were different in male and 
female animals. Oesophageal manometry in experimental pigs is feasible. Porcine oesophageal manometry will be usable 
for preclinical studies in future. 
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Introduction

Pigs, as an omnivorous representative, can be used in 
various preclinical experiments due to their relatively very 
similar gastrointestinal functions compared to humans (1, 
2). Our group demonstrated that gastric myoelectrical stud-
ies (using electrogastrography) are reliable and feasible in 
experimental pigs (3–7). The aim of this current project was 
to work out our own method of oesophageal manometry in 
experimental pigs.

Material and methods

Animals 

Five mature male and five mature female experimen-
tal pigs entered the study (Sus scrofa f. domestica, hybrids 
of Czech White and Landrace breeds; 3–4 month old; 
weighing 27.5–41.5 kg, mean 32.0 ± 4.6, median 30.5 kg). 
Animals were fed twice a day (standard assorted food A1) 
and were allowed free access to water. All manometry in-
vestigations were performed under general anaesthesia in 
the morning after 24 hours of fasting. Intramuscular injec-
tions of ketamine (20 mg per kg; Narkamon, Spofa, Praha, 
Czech Republic) and azaperone (2.2 mg per kg; Stresnil, 
Janssen Animal Health, Saunderton, UK) were used as an 
introduction. General anaesthesia was carried out by propo-
fol (2.2 mg/kg; Fresenius Kabi Deutschland GmbH, Bad 
Homburg, Germany). 

Oesophageal manometry

Water-perfused disposable catheters were used (MMS 
G-88402, conventional 12 French, 8 channels with central 
lumen; MMS – Medical Measurement Systems B.V., En-
schede, the Netherlands). Catheters were introduced into the 
oesophagus through mouth (using a dedicated mouthpiece). 
Their correct position was verified endoscopically. We used 
video-gastroscope Olympus GIF160 dedicated for animal 
use only (Olympus Optical Co, Tokyo, Japan). All animals 
were lying in supine position. Oesophageal manometry was 
performed for 10 minutes by means of the Polygraf UPS 
2020 (UPS-2020 manometry system from MMS – Medical 
Measurement Systems B.V., Enschede, the Netherlands). 
Dry swallowing was induced by massage of lower part of 
the neck. All evaluated parameters were assessed as an av-
erage measure of four consecutive values. 

Statistics

The data were analysed using SigmaStat software (Ver-
sion 3.1, Jandel Corp., Erkrath, Germany). Descriptive 
statistics, Fisher’s exact test and un-paired t-test were used. 

Ethics

The Project was approved by the Institutional Review 
Board of the Animal Care Committee of the University 
of Defence, Faculty of Military Health Services, Hradec 
Králové, Czech Republic (Protocol Number 14/2012). Ani-
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mals were held and treated in accordance with the European 
Convention for the Protection of Vertebrate Animals Used 
for Experimental and Other Scientific Purposes (8). 

Results

Oesophageal manometry was successfully accomplished 
in all animals. Lower oesophageal sphincter was easily iden-
tified in all animals (Fig. 1). Its middle part is 50 to 55 cm 
far from incisors. It was possible to evaluate all recordings in 
all 10 animals. In the absence of oesophageal contractions, 
artefacts can be readily identified, caused by respiration 
(18 cycles per minute in average) (Fig. 2). Oesophageal per-
istalsis during dry swallowing was evocable in all animals, 
with substantial relaxation of the lower oesophageal sphinc-
ter (Fig. 3). Values of basic parameters are given in Table 1. 
Male and female pigs were comparable in age and weight. 
Baseline pressure of the lower oesophageal sphincter and 
peristaltic wave pressure were different in male and female 
experimental pigs (see Figs. 4 and 5). 

Fig. 1: Porcine oesophageal manometry using a water-perfused 
system.
Four proximal pressure sensors are localised in the oesophageal 
body (1.–4.) and four distal sensors are placed in the area of the 
lower oesophageal sphincter (LOS; 5.–8.). Manometry without 
swallowing shows a high-pressure LOS zone in distal four sensors 
(5.–8.). Pressure values displayed on the Y-axis; time course on 
the X-axis.

 

FEMALE  PIGS MALE  PIGS TOTAL

P
E

R
IS

TA
LT

IC
  W

A
V

E
  P

R
E

S
S

U
R

E
  (

m
m

 H
g)

0

10

20

30

40

50

 
 

 Fig. 5: Peristaltic wave pressure in total and separately in female 
and male experimental pigs. The difference between female and 
male pigs is statistically significant (p = 0.046).
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 Fig. 4: Baseline pressure of the lower oesophageal sphincter in 
total and separately in female and male experimental pigs. The 
difference is not statistically significant (with power below desired 
value of 0.8).

Fig. 3: Propulsive peristaltic contraction of the porcine oesophagus.
Zone of high pressure is produced by the lower oesophageal 
sphincter and diaphragm (5.–8.). Several peristaltic sequences are 
recorded, with a propulsive increase of oesophageal pressure in the 
oesophageal body (sensors 1.–4.). Asterisks indicate dry swallows. 
Relaxation of the lower oesophageal sphincter is marked with black 
closed circles. 

Fig. 2: Respiratory artefacts. 
Four pressure sensors localized in the oesophagus show respiratory 
artefacts in the absence of oesophageal contractions. 
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Tab. 1: Oesophageal manometry in experimental pigs.

Animal
No. / sex

Baseline pressure 
of LES (mm Hg)

Relaxation of LES 
(%)

Duration of 
relaxation (s)

Peristaltic wave 
pressure (mm Hg)

Duration of 
peristaltic wave (s)

  1 / F 12   85 5.7 46 3.3
  2 / F 23 100 23.0 20 4.5
  3 / F 40   89 8.4 46 2.8
  4 / F   7 100 2.4 29 2.3
  5 / F 14 100 3.5 30 1.5
  6 / M 15   95 5.5 24 1.7
  7 / M 13   98 7.5 19 1.4
  8 / M 11 100 1.5 26 1.5
  9 / M 14 100 5.4 21 2.0
10 / M 12 100 4.4 18 2.0

F – female; M – male
LES – lower oesophageal sphincter
s – seconds

Mean relaxation of the lower oesophageal sphincter was 
96.7 ± 5.4%, duration of relaxation was 6.7 ± 6.1 s. Mean 
duration of peristaltic wave was 2.3 ± 1.0 s. These two time 
intervals were longer in female pigs (Table 1), however, the 
difference did not reach a statistical significance. Propulsive 
peristalsis was found in 86%, there were simultaneous (3%), 
interrupted (4%) or non-transmitted ones (7%) in remaining 
cases.

Discussion

Our group elaborated our own method of oesophageal 
manometry in experimental pigs. It was a feasibility study 
in fact. Porcine hiatal and gastro-oesophageal anatomy and 
physiology are similar to human ones. The muscle is thicker 
at the point where the clasp (on the right side) and sling fibres 
(on the left) concentrate. The pressure profiles are axially 
and radially asymmetric in coincidence with the thickness 
variations of the corresponding muscle layers. Sphincteric 
pressure is recorded as a plateau, whereas diaphragmatic 
crural pressure appears as phasic oscillations in synchrony 
with respiration. The sphincter relaxed upon deglutition (9). 

We were able to find out only two papers published so 
far that can be partly compared with our study. Ciotola et 
al. (10) performed peroral endoscopic myotomy (POEM) 
in five pigs. Mean pre-myotomy pressure of the lower oe-
sophageal sphincter was 36 ± 8 mm Hg. After myotomy, the 
pressure significantly dropped to 10.6 ± 3.2 mm Hg (10). 
Perretta et al. (11) found mean preoperative pressure 22.2 
± 3.3 mm Hg and mean pressure 11.3 ± 2.7 mm Hg after 
POEM in four experimental pigs. 

In humans, various authors reported different normal 
range of basic manometric parameters in healthy subjects, 
beside other things influenced by ethnicity and/or age 
(12–18). There are also significant pressure differences 
between solid-state and water-perfused systems in lower 

oesophageal sphincter measurement (16). Common values 
of baseline pressure of the lower oesophageal sphincter are 
about 5–25 mm Hg and relaxation 90–100% (with dura-
tion 5–10 s). Common peristaltic wave pressure is about 
30–160 mm Hg in humans (with duration of contraction 
2–6 s) (18). Based on our study, the crucial parameters of 
porcine oesophageal manometry are comparable with those 
in healthy humans. 

Surprisingly, basic manometric parameters were dif-
ferent in male and female experimental pigs in our current 
study. Peristaltic wave pressure was significantly higher in 
female pigs. There was also a clearly distinct trend in other 
parameters in favour of female gender (higher baseline pres-
sure of the lower oesophageal sphincter, longer duration of 
relaxation and longer duration of peristaltic wave), although 
they did not reach a statistically significant difference, most-
ly because of a small number of subjects. Gender-related 
difference of the oesophageal motility has not been reported 
in porcine manometry yet, but it was already described in 
healthy humans. Differences have been observed in water 
ingestion, oropharyngeal transit, duration of opening of the 
upper oesophageal sphincter, and pressure duration in the 
oropharynx with swallows (for review see ref. 19). Women 
also had longer duration of oesophageal contraction in the 
distal oesophageal body (19). The explanation for the results 
observed may be anatomic and/or hormonal differences be-
tween genders (20).

 We are fully aware of possible limits of our current study. 
Primarily, this is our very initial experience with porcine 
oesophageal manometry. Number of subjects was sufficient 
for a usual animal setting but not for detailed statistics, es-
pecially correlation analysis. We decided a conventional 
water-perfused system, not a high-resolution manometry. All 
measurements were accomplished under general anaesthesia 
that could also influence the acquired results. Nevertheless 
all the obtained data are consistent. 
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Conclusions 

Oesophageal manometry in experimental pigs is feasible. 
Porcine resting and relaxed pressures of the lower oesoph-
ageal sphincter are fully comparable with healthy human 
subjects. Evocable swallowing is doable and oesophageal 
peristalsis is quantifiable. Porcine oesophageal manometry 
will be usable for preclinical studies in future. 

Conflicts of interest

The authors declare no conflict of interest.

Acknowledgements

The study was supported by an independent research 
grant NT/14270 from the Ministry of Health, Czech Re-
public. 

We are much grateful to Mrs. Sylvie Cvejnová1, Mrs. 
Hana Klusáková1 and Miss Lenka Holubová2 for their ex-
cellent technical assistance. 

References 
  1. Kararli TT. Comparison of the gastrointestinal anatomy, physiology and biochem-

istry of humans and commonly used laboratory animals. Biopharm Drug Dispos 
1995; 16: 351–380. 

  2. Suenderhauf C, Parrott N. A physiologically based pharmacokinetic model of the 
minipig: data compilation and model implementation. Pharm Res 1995; 30: 1–15. 

  3. Varayil JE, Ali SM, Tacheci I, et al. Electrogastrography in experimental pigs. 
Methodical design and initial experience. Folia Gastroenterol Hepatol 2009; 7: 
98–104. Available from: www.pro-folia.org. 

  4. Květina J, Edakkanambeth Varayil J, Ali SM, et al. Preclinical electrogastrography 
in experimental pigs. Interdiscip Toxicol 2010; 3: 53–58. 

  5. Tacheci I, Kvetina J, Kunes M, et al. Electrogastrography in experimental pigs: 

the influence of gastrointestinal injury induced by dextran sodium sulphate on 
porcine gastric erythromycin-stimulated myoelectric activity. Neuroendocrinol 
Lett 2011; 32, Suppl 1: 131–136. 

  6. Bures J, Kvetina J, Pavlik M, et al. Impact of paraoxon followed by acetylcho-
linesterase reactivator HI-6 on gastric myoelectric activity in experimental pigs. 
Neuro Endocrinol Lett 2013; 34, Suppl 2: 79–83. 

  7. Tacheci I, Kvetina J, Kunes M, et al. The effect of general anaesthesia on gastric 
myoelectric activity in experimental pigs. BMC Gastroenterol 2013; 13: 48. 

  8. Explanatory Report on the European Convention for the Protection of Vertebrate 
Animals Used for Experimental and Other Scientific Purposes (ETS 123). Stras-
bourg: Council of Europe, 2009. 

  9. Vicente Y, Da Rocha C, Yu J, Hernandez-Peredo G, Martinez L, Pérez-Mies B, 
Tovar JA. Architecture and function of the gastroesophageal barrier in the piglet. 
Dig Dis Sci 2001; 46: 1899–1908.

10. Ciotola F, Ditaranto A, Bilder C, et al. Electrical stimulation to increase lower 
esophageal sphincter pressure after POEM. Surg Endosc 2015; 29: 230–235.

11. Perretta S, Dallemagne B, Donatelli G, Diemunsch P, Marescaux J. Transoral en-
doscopic esophageal myotomy based on esophageal function testing in a survival 
porcine model. Gastrointest Endosc 2011; 73: 111–116. 

12. Narawane NM, Bhatia SJ, Mistry FP, Abraham P, Dherai AJ. Manometric mapping 
of normal esophagus and definition of the transition zone. Indian J Gastroenterol 
1998; 17: 55–57. 

13. Kessing BF, Weijenborg PW, Smout AJ, Hillenius S, Bredenoord AJ. Water-per-
fused esophageal high-resolution manometry: normal values and validation. Am 
J Physiol Gastrointest Liver Physiol 2014; 306: G491–495. 

14. Weijenborg PW, Kessing BF, Smout AJ, Bredenoord AJ. Normal values for sol-
id-state esophageal high-resolution manometry in a European population; an 
overview of all current metrics. Neurogastroenterol Motil 2014; 26: 654–659. 

15. Burgos-Santamaría D, Marinero A, Chavarría-Herbozo CM, Pérez-Fernández T, 
López-Salazar TR, Santander C. Normal values for water-perfused esophageal 
high-resolution manometry. Rev Esp Enferm Dig 2015; 107: 354–358. 

16. Gehwolf P, Hinder RA, DeVault KR, Edlinger M, Wykypiel HF, Klingler PJ. 
Significant pressure differences between solid-state and water-perfused systems in 
lower esophageal sphincter measurement. Surg Endosc 2015; epub ahead of print. 

17. Herregods TV, Roman S, Kahrilas PJ, Smout AJ, Bredenoord AJ. Normative val-
ues in esophageal high-resolution manometry. Neurogastroenterol Motil 2015; 
27: 175–187. 

18. Kahrilas PJ, Pandolfino JE. High resolution manometry. UpToDate online, vol. 
23.1. Alphen aan den Rijn: Wolters Kluwer, 2015. Available from: http://www.
uptodate.com.

19. Dantas RO, Alves LM, Cassiani Rde A. Gender differences in proximal esopha-
geal contractions. Gender differences in proximal esophageal contractions. Arq 
Gastroenterol 2009; 46: 284–287. 

20. Dantas RO, Ferriolli E, Souza MAN. Gender effects on esophageal motility. Braz 
J Med Biol Res 1998; 31: 539–544.

Received: 25/10/2015
Accepted in revised form: 24/11/2015

Corresponding author:

Ilja Tachecí, MD, PhD, 2nd Department of Internal Medicine – Gastroenterology, University Hospital Hradec Králové, 
Sokolská 581, 500 05 Hradec Králové, Czech Republic; e-mail: ilja.tacheci@fnhk.cz

Acta_Medica_HK_4_2015.indd   134 02.03.16   10:20


