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Abstract 

Equine gastric ulcer syndrome (EGUS) is the most common condition of the equine stomach, with 

reported prevalence of up to 90% in racehorses and 51% in foals. Gastroscopy and subjective grading 

of observed mucosal lesions, is the only accurate way to diagnose EGUS and assess severity ante 

mortem. There are several grading systems proposed for grading of the severity of EGUS at the time 

of gastroscopy. A 5 point ordinal grading systems is frequently used in clinical and research settings, 

and has been recommended by the Equine Gastric Ulcer Council (EGUC). There has been little 

investigation into the reliability of this grading system.  

Ulcerative disease of the squamous mucosa is due to exposure to the acidic gastric contents. 

Omeprazole, a substituted benzimidazole, is the mainstay treatment of EGUS, and administration of 

this drug has been demonstrated to increase intragastric pH. Omeprazole is acid labile and for oral 

administration, protection from degradation by gastric acidity is achieved by suspension in buffered 

solutions or enteric coating, to improve bioavailability. Enteric-coated omeprazole is typically 

administered as granules suspended in a paste formulation, and has been demonstrated to have 

greater bioavailability than other formulations of omeprazole.  

Due to the previously reported high prevalence of EGUS in foals, and the potential for complications 

associated with EGUS in neonatal foals, foals admitted to the intensive care unit (ICU) are frequently 

administered acid-suppressive treatment, empirically, without confirmation of EGUS. The 

pathophysiology of EGUS in foals is largely incompletely understood, and the role of gastric acidity in 

the pathogenesis is unknown. Administration of acid suppressive therapy to foals admitted to ICU has 

been associated with increased risk of undifferentiated diarrhoea. 

The aims of this thesis were to: (1) investigate the interobserver and intraobserver reliability of the 

EGUC grading system and a novel visual analogue scale (VAS) for assessment of squamous and 

glandular gastric mucosal lesions, and the influence of observer experience on the outcomes for both 

systems, (2) characterise the pharmacokinetic and pharmacodynamic parameters of omeprazole in 
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horses by comparative studies of an existing enteric-coated oral paste formulation and a novel, in-

feed, enteric-coated dry granule formulation, and (3) to determine the intragastric pH profiles of 

systemically-ill foals admitted to the neonatal intensive care unit and identify clinical and 

clinicopathological parameters associated with intragastric pH <4. 

The results of this thesis determined that the EGUC system for grading EGUS lesions has acceptable 

intraobserver and interobserver reliability and performs well regardless of clinician experience. A VAS 

may offer advantages in ease of use for rating of squamous mucosa, but observers should be practiced 

in the use of this system. Glandular lesions in horses may be more difficult to grade than squamous 

lesions. 

The results of the in-feed omeprazole study demonstrated that the administration of the novel, in-

feed, enteric-coated omeprazole product increased gastric pH relative to untreated horses, and to the 

same magnitude as the commercially available product. Mean pH and the percent of time that gastric 

pH >4 were increased by treatment, and bioequivalence was demonstrated between preparations, 

indicating that pharmacodynamic effects were the same regardless of dose rate for both preparations. 

The findings of this study confirm that plasma concentrations of omeprazole and omeprazole dose do 

not predict drug pharmacodynamics. 

The results of the foal intragastric pH study demonstrated that the majority of the foals included 

within this study had an intragastric pH of > 4 for > 80% of the recording time, which does not support 

the indiscriminate use of acid-suppressive medications in critically-ill foals. Our results suggest that 

non-surviving foals, foals with a history of placentitis, and foals presenting with respiratory 

insufficiency, had higher intragastric pH. Conversely, foals presenting with diarrhoea had more acidic 

intragastric profiles. The intragastric pH profiles of critically-ill neonatal foals admitted to the ICU were 

variable and further research is required to better understand the clinical importance of different pH 

measurements. 
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This thesis provides contributions to the understanding the reliability of grading systems for EGUS, as 

well as adding to the body of literature in understanding the pharmacokinetic and pharmacodynamics 

of enteric coated omeprazole in the horses. The thesis also provides a contributions to the body of 

evidence that the non-selective administration of acid suppressive therapy to foals admitted to the 

ICU is unnecessary, as well as providing a platform for further investigation into the relationship of 

clinical and clinicopathological parameters and the intragastric pH of neonatal foals.  

 

 

  



14 
 

List of Tables  

Table 2.1: The description terminology recommended to be used to grade EGGD.1 .......................... 42 

Table 2.2: The reported prevalence of EGUS, as either ESGD or EGGD. .............................................. 48 

Table 2.3: A summary of reported risk factors associated with the development of ESGD and EGGD in 

horses. ................................................................................................................................................... 52 

Table 2.4: The EGUC grading scale.4 ..................................................................................................... 60 

Table 2.5: The MacAllister number/severity grading system.26 ........................................................... 61 

Table 2.6: EGUS grading system proposed by Murray et al (1996) for grading of EGUS.13 .................. 63 

Table 2.7: The practitioners’ simplified (PS) scoring system, proposed by Andrews et al (1999).27 .... 65 

Table 3.1: Results of Gwet's coefficient of agreement with ordinal weighting (AC2) for the 

intraobserver reliability of scoring of glandular and squamous gastric mucosa with the EGUC grading 

system. The mean AC2 has been calculated for the intraobserver reliability of experienced observers 

(specialists in equine medicine) and less experienced observers (residents in equine disciplines). ... 93 

Table 3.2: Results of the intraclass correlation coefficient (ICC), one way model, for the intraobserver 

reliability of grading squamous and glandular mucosa using the novel visual analogue scale. The mean 

ICC has been calculated for experienced observers (specialists in equine medicine) and less 

experienced observers (residents in equine disciplines). ..................................................................... 96 

Table 4.1: Results of bioequivalence evaluation of pharmacokinetic (PK) and pharmacodynamic (PD) 

outcome variables for a commercially available omeprazole product (REF, 1 mg/kg) and a novel in-

feed omeprazole product (NOV, 2 mg/kg). ........................................................................................ 120 

  



15 
 

List of Figures  

Figure 2.1: Image from the ECEIM Consensus Statement of a post-mortem specimen of the equine 

stomach depicting the anatomical regions of the stomach.1 ............................................................... 34 

Figure 2.2: Image of the histopathological examination of equine squamous gastric mucosa from 

Bullimore et al (2001). This section was stained with anti-mucin antibody (brown staining) and 

counter-stained with haematoxylin.57 .................................................................................................. 36 

Figure 2.3: A schematic diagram of the equine squamous gastric mucosa, from Bell et al (2007).60 .. 36 

Figure 2.4: A schematic diagram of an equine gastric gland of the glandular gastric mucosa, from Bell 

et al (2007).60 ........................................................................................................................................ 37 

Figure 2.5: Flow diagram of the proposed terminology for describing erosive and ulcerative disease of 

the equine stomach adapted from the ECEIM Consensus Statement on equine gastric ulcer syndrome 

in adult horses.1 .................................................................................................................................... 41 

Figure 2.6: Image from Murray et al (1993) demonstrating the ambulatory gastric pH recording 

apparatus. The recorder is secured within a pouch that has been attached to a mane tamer.66 ....... 71 

Figure 2.7: Image from Husted et al (2009) demonstrating a proximal view from the saccus caecus 

during gastroscopy. The semi-inflated balloon is highlighted by the black arrow and is located just 

inside the lower oesophageal sphincter, while the electrode is demonstrated by the white arrow, but 

cannot be seen in this image. The electrode position is located close to the squamous mucosa and 

margo plicatus at the lesser curvature.156 ............................................................................................ 71 

Figure 2.8: Diagram from Merritt et al (2003) demonstrating the site of placement of the pH electrode, 

via a gastric cannula within the stomach.35 .......................................................................................... 72 

Figure 2.9: A gastroscopic image from Sykes et al (2015) showing the final placement of the button 

gastropexy and percutaneous gastrotomy (PEG) tube.151 .................................................................... 72 

Figure 2.10: A gastroscopic image from Sykes et al (2015) showing final placement of the pH probe 

with 2 measurement points.151 ............................................................................................................. 73 



16 
 

Figure 2.11: Image from Sykes et al (2015) demonstrating the external placement of the percutaneous 

gastrotomy (PEG) tube and button gastropexy between the 11th and 12th ribs.151 ........................... 73 

Figure 3.1: The visual analogue scoring system for grading the appearance of squamous and glandular 

gastric mucosa. ..................................................................................................................................... 90 

Figure 3.2: Results of Gwet's coefficient of agreement with ordinal weighting applied (AC2) for 

interobserver reliability of observers grading squamous and glandular gastric mucosa using the EGUC 

system on three occasions. ................................................................................................................... 92 

Figure 3.3: Results of Gwet's coefficient of agreement with ordinal weighting (AC2) comparing the 

interobserver reliability of experienced observers (specialists in equine medicine) and inexperienced 

observers (residents in equine disciplines) grading squamous and glandular gastric mucosa using the 

EGUC system on three occasions. ......................................................................................................... 92 

Figure 3.4: Results of the intraclass correlation coefficient (ICC), one way model, for the interobserver 

reliability of observers grading squamous and glandular gastric mucosa using the VAS on three 

occasions. .............................................................................................................................................. 95 

Figure 3.5: Results of the intraclass correlation coefficient (ICC), one way model, comparing the 

interobserver reliability of experienced observers (specialists in equine medicine) and inexperienced 

observers (residents in equine disciplines) grading squamous and glandular gastric mucosa using the 

VAS on three occasions. ........................................................................................................................ 95 

Figure 4.1: Plasma omeprazole concentration following intravenous administration of omeprazole 

(0.5 mg/kg) and oral administration of a commercially available omeprazole product (REF, 1 mg/kg) 

and a novel in-feed omeprazole product (NOV, 2 mg/kg), following single (Day 0) (on the left) and 

repeated (Day 5) administration of NOV and REF (on the right). Results are shown as mean and 95% 

confidence interval. ............................................................................................................................ 117 

Figure 4.2: Gastric pH in untreated horses (baseline, dashed line), and following administration of 

omeprazole granules (NOV) at 2 mg/kg (green) and 4 mg/kg (red). Data are shown as mean and SEM. 

Time had an effect on gastric pH (P = .003), while there was no difference between treatments (P = 



17 
 

.12) or an interaction between time and treatment (P = .46). Within each treatment, differences in 

comparison to pre-treatment values are shown (**, P = .005; *P < .05). Results from untreated horses 

were not different at any time point. Values obtained between 0.100 and 0.600 hours (shaded grey) 

were derived from gastric pH probe only (not compared with results from aspirated gastric fluid), and 

were excluded from statistical comparisons. Horses were treated at 0.800 hours and fed at 10.00 and 

18.00 hours (arrows). .......................................................................................................................... 118 

Figure 4.3: Effects of treatment with omeprazole granules (NOV) at 2 mg/kg (green) and 4 mg/kg (red), 

compared with results from untreated horses (baseline, white) on gastric pH at 08.00 (24 hours 

following treatment) (a), percentage of time pH < 4 (b), and mean pH of gastric fluid (c). Results of 

Kruskal-Wallis test are shown; differences in post-hoc comparisons were not significant. Data are 

shown as median (horizontal line) and quartile (box) with whiskers determined by the Tukey method.

 ............................................................................................................................................................ 119 

Figure 4.4: Gastric pH in treated horses on Day 1 (top) and Day 6 (bottom) following daily oral 

administration of a novel granule formulation (NOV,  2 mg/kg, blue), and a registered oral paste 

formulation (REF, 1 mg/kg, red). A time effect was observed on both days (P < .001), with differences 

in comparison to the initial sample (< 8am) shown for each treatment (**P = .005; *P < .05). There 

was no effect of treatment (P =.66, Day 1; P =.22, Day 6) or interaction effect on Day 6 (P = .98). The 

interaction term (time*treatment) was significant on Day 1 (P = .01); however, differences in pairwise 

comparisons were not present at any time point. Data are shown as mean and SEM. Values obtained 

between 0.100 and 0.600 hours (shaded grey) were derived from gastric pH probe only (pH 

determination on aspirated gastric fluid did not occur during his time), and were excluded from 

statistical comparisons. Horses were treated at 0.800 hours and fed at 10.00 and 18.00 hours (arrows).

 ............................................................................................................................................................ 121 

Figure 4.5: Effects of treatment with omeprazole granules (NOV) at 2 mg/kg (blue) and omeprazole 

paste (REF) at 1 mg/kg (red), compared with results from untreated horses during acclimatisation and 

washout phases on gastric pH at 08.00 (24 hours following treatment) (a), percentage of time pH <4 



18 
 

(b), and area under the time-pH curve (c). Treatment effects were observed for each variable; results 

with differing subscripts are different (P < .05). Data are shown as median (horizontal line) and quartile 

(box) with whiskers. ............................................................................................................................ 122 

Figure 4.6: Gastric squamous ulcer scores during treatment. Analysis of variance on ranks (Friedman 

test) demonstrated a treatment effect, with scores on Day 6 lower than on Day 1 following treatment 

with both granules (NOV, 2 mg/kg, P = .001) and paste (REF, 1 mg/kg, P = .02) formulations. Post-hoc 

testing (Dunn’s method) demonstrated a reduction in gastric squamous ulcer score on Day 6 in 

comparison with values determined in week 1 (acclimatisation, **) following treatment with both 

NOV (P = .004) and REF (P = .007). Results are shown as median (horizontal line), interquartile range 

(box) and range (whiskers), with all data points shown. .................................................................... 122 

Figure 5.1: Example of the graph of pH over time for the proximal (top) and distal (bottom) pH 

electrodes provided by the MMS software, with pH <4 highlighted by red shading. ........................ 137 

Figure 5.2: Box and whisker plot comparing the proximal and distal electrodes in the first recording 

period. There was a difference in mean pH (P = .03) and no difference in % time pH <4. The median is 

marked by the horizontal line, the box spans the interquartile range and the whiskers span the upper 

and lower limits. The outliers, calculated by Tukey’s rule, are indicated by circles. .......................... 138 

Figure 5.3: Box and whisker plots demonstrating the mean pH (A and B) and % time pH <4 (C and D) 

for foals presenting with mare with (n = 35) or without (n = 7) a history of placentitis. Data are 

presented for both the proximal electrode (A and C) and distal electrode (B and D). A history of 

placentitis is associated with an increased mean pH (P = .002) and decreased % time pH <4 (P = .01). 

The median is marked by the horizontal line, the box spans the interquartile range and the whiskers 

span the upper and lower limits. The outliers, calculated by Tukey’s rule, are indicated by circles. 139 

Figure 5.4:  Box and whisker plot of the difference in % time pH <4 for foals admitted to the ICU with 

diarrhea (n = 11) and without diarrhea (n = 31) (P = .02). The median is marked by the horizontal line, 

the box spans the interquartile range and the whiskers span the upper and lower limits. The outliers, 

calculated by Tukey’s rule, are indicated by the circles. .................................................................... 140 



19 
 

Figure 5.5: Box and whisker plots of differences in serum creatinine concentration (A) (P = .04), PaO2 

(B) (P = .03), and PaCO2 (C) (P = .02) for foals that did (n = 37) or did not (n = 5) have an intragastric 

pH >4 for >50% of recording time with the distal electrode. The median is marked by the horizontal 

line, the box spans  the interquartile range and the whiskers span the upper and lower limits. The 

outliers, calculated by Tukey's rule, are indicated by circles. ............................................................. 140 

Figure 5.6: Mean and 95% CI of the median hourly pH of foals that survived to discharge (n =34) or 

were non-survivors (subjected to euthanasia or died; n = 8). Surviving foals had a lower median hourly 

pH for the duration of recording (P = .02); post-hoc comparisons were not different at any time point. 

Data are shown as mean and 95% CI. ................................................................................................. 141 

Figure 6.1: Images obtained during gastroscopy, demonstrated ESGD of the greater curvature along 

the margo plicatus. ............................................................................................................................. 160 

Figure 6.2: Images obtained during gastroscopy, demonstrated ESGD of the greater curvature along 

the margo plicatus .............................................................................................................................. 160 

Figure 6.3: Image from Sim et al (1999) demonstrating the effect of sample size of on 95% confidence 

interval width. With increasing sample size there is decreased width of the 95% confidence interval.209

 ............................................................................................................................................................ 170 

Figure 6.4 Image from O'Brien et al (2016) demonstrating the impact of population variability and 

sample size on confidence interval width.228 ...................................................................................... 170 

 

  



20 
 

List of Supplementary Items  

Supplementary item 3.1: Results of Gwet's coefficient of agreement with ordinal weighting (AC2) for 

the interobserver reliability of observers grading squamous and glandular gastric mucosa using the 

EGUC system on three occasions ........................................................................................................ 103 

Supplementary item 3.2: Results of Gwet's coefficient of agreement with ordinal weighting applied 

(AC2) for interobserver reliability of experienced observers (specialists in equine medicine) and 

inexperienced observers (residents in equine disciplines) grading squamous and glandular gastric 

mucosa using the EGUC system on three occasions. ......................................................................... 103 

Supplementary item 3.3: Results of intraclass correlation coefficient (ICC), one way model, for the 

interobserver reliability of observers grading squamous and glandular gastric mucosa using the VAS 

on three occasions. ............................................................................................................................. 104 

Supplementary item 3.4: Results of the intraclass correlation coefficient (ICC), one way model, for the 

interobserver reliability of experienced (specialists in equine medicine) and inexperienced observers 

(residents in equine disciplines) grading squamous and glandular gastric mucosa using the VAS on 

three occasions. .................................................................................................................................. 104 

Supplementary item 4.1: Overview of research design. The study was conducted in three parts to 

assess bioavailability, dose effects and efficacy of a novel granulated omeprazole product (NOV) and 

an existing, registered paste (REF). A number of horses were used on multiple occasions, as shown. 

Horses were blocked in groups of three or four, as shown by same shading within each study. Plasma 

samples for pharmacokinetic (PK) studies were collected at the times shown, and pharmacodynamic 

(PD) effects (gastric pH and gastric ulceration) were assessed as shown. Horses were Standardbred 

mares, except as shown (TB). All horses were weighed, using calibrated scales, at the start of each part 

of the study. ........................................................................................................................................ 128 

Supplementary item 4.2: Pharmacokinetic (PK) parameters calculated from plasma omeprazole 

concentrations in bioavailability and efficacy studies. ....................................................................... 129 



21 
 

Supplementary item 4.3: Summary of precision and accuracy data of assay performance measures. 

Linearity (of calibration plots); Results from consecutive calibration standards gave correlation 

coefficients (R2) values ranging from .99976 to .99998 with a mean value of .99990 (n=3). From a total 

of 10 calibration curves used in this study, the mean value of R2 was .99988. ................................. 130 

Supplementary item 4.4: Non-compartmental pharmacokinetic parameters derived from Part 1 

(bioavailability) and Part 3 (bioequivalence and efficacy). Results are reported as mean, (median), 

interquartile range and [minimum and maximum] for each parameter. Comparisons between a novel 

granule formation (NOV, 2 mg/kg PO) and an existing paste formulation (REF, 1 mg/kg PO) have been 

performed by Wilcoxon matched pairs signed rank test for results from Part 1 and Part 3 (Day 5) to 

accommodate non-normal data; comparisons for results from on Day 0 of Part 3, available for only six 

horses, were completed by Mann-Whitney test as results were not paired. .................................... 131 

Supplementary item 4.5: Baseline gastric pH data determined in untreated horses during 

acclimatisation and washout phases of the efficacy study. Data are shown as mean and SEM. Time had 

a significant effect on gastric pH (P = .003), but there were not differences between acclimatisation 

and washout (P = .774). Within each data set, differences in comparison to results obtained prior to 

0.800 hours are shown (**, P = 0.005; *P < .05). Values obtained between 0.100 and 0.600 hours 

(shaded grey) were derived from gastric pH probe only (not compared with results from aspirated 

gastric fluid), and were excluded from statistical comparisons. Horses were fed at 10.00 and 18.00 

hours (arrows). .................................................................................................................................... 133 

Supplementary item 5.1: Photograph of the indwelling nasogastric tube, with the calibrated 

disposable antimony pH probe with the two electrodes 5 cm apart, seated within the lumen. The pH 

probe is secured at the most proximal end of the nasogastric tube. The pH probe is connected to a 

data logger that was secured to the foal’s neck by a bandage. ......................................................... 143 

Supplementary item 5.2: Clinical data collected at the time of admission from 42 foals presented to 

the ICU that underwent measurement of intragastric pH.................................................................. 144 



22 
 

Supplementary item 5.3: Intragastric pH data collected from 42 foals that were presented to the ICU.

 ............................................................................................................................................................ 146 

Supplementary item 5.4: Results of univariate analyses of associations between dichotomised clinical 

parameters (yes/no) and the outcome variables of mean pH and % time < pH 4, for both the proximal 

and distal electrodes. .......................................................................................................................... 148 

Supplementary item 5.5: Results of univariate analyses of associations between clinical parameters 

(yes/no) and pH > 4 for >50% of the recording period (pH > 4>50) and pH >4 for >80% of the recording 

period (pH >4>80) as dichotomous variables (yes/no) for both the proximal and distal electrodes. 149 

Supplementary item 5.6: Results of univariate logistic regression analyses of associations between 

continuous clinical parameters and the outcome variables pH > 4 for >50% of the recording period (pH 

> 4>50) and pH >4 for >80% of the recording period (pH >4>80). ..................................................... 151 

Supplementary item 5.7: Comparison of the distal electrode in the first recording period to the second 

recording period. There is no difference in mean pH or % time pH < 4 in the two recording periods.

 ............................................................................................................................................................ 154 

  



23 
 

List of Appendices 

Appendix 1: Results of grading glandular gastric mucosa and squamous gastric mucosa using the EGUC 

grading scale. 

Appendix 2: Results of grading glandular gastric mucosa and squamous gastric mucosa using the VAS. 

Appendix 3: Bioavailability study; plasma omeprazole concentrations 

Appendix 4: Dose titration study; median hourly intragastric pH recordings  

Appendix 5: Bioequivalence study; plasma omeprazole concentrations  

Appendix 6: Bioequivalence study; median hourly intragastric pH recordings 

Appendix 7: Bioequivalence study; EGUS grades  

Appendix 8: Clinical data and intragastric pH results from the proximal electrode from 42 foals 

admitted to the intensive care unit 

Appendix 9: Clinical data and intragastric pH results from the distal electrode from 42 foals admitted 

to the intensive care unit 

Appendix 10: Clinical data categorised according to intragastric pH  

Appendix 11: Foals admitted to the intensive care unit, with the presence or absence of diarrhoea 

Appendix 12: Foals admitted to the intensive care unit, with the presence or absence of a history of 

placentitis in the mare 

 

 

 

 

  



24 
 

Glossary of Abbreviations 

95% CI 95% confidence interval  

AUC Area under the curve 

Cmax Maximum plasma concentration 

ECL Enterochromaffin-like  

EGGD Equine glandular gastric disease  

EGUC Equine gastric ulcer council 

EGUS Equine gastric ulcer syndrome 

ESGD Equine squamous gastric disease  

HCl Hydrochloric acid 

ICC Interclass correlation coefficient 

ICU Intensive care unit 

MRT Mean residence time  

N/S scoring system Number/severity scoring system 

NGT Nasogastric tube 

NOV Novel enteric coated omeprazole product 

NSAID Non-steroidal anti-inflammatory drugs 

PD Pharmacodynamics  

PEG Percutaneous gastrotomy tube 

PG Prostaglandins 

pH >450 pH >4 for >50% of recording period 

pH >480 pH >4 for >80% of recording period 

PK Pharmacokinetics 

PPI Proton pump inhibitor  

PS scoring system Practitioner's simplified scoring system 



25 
 

REF Reference enteric coated omeprazole product 

RSD relative standard deviatio 

SD standard deviation 

Tmax Time to maximum plasma concentration 

VAS Visual analogue scale 

VFA Volatile fatty acids 

 

 

 

  



26 
 

 
 

 

 

 

Chapter 1: Introduction  
 

  



27 
 

The equine gastric mucosa can be divided into two distinct types; glandular mucosa and squamous 

(non-glandular) mucosa.1-3 The squamous mucosa covers the oesophagus and approximately one third 

of the stomach1,4 and is a simple structure that consists of tightly bound cornified superficial 

epithelium that serves as a protective barrier. The squamous mucosa has no absorptive or secretory 

capacity and is vulnerable to injury through exposure to acidic gastric contents. The glandular mucosa 

is more complex, as it contains mucus-secreting cells and gastric glands.1,4 The gastric glands secrete 

hydrochloric acid (HCl), pepsin, bicarbonate and mucus, and under normal conditions the glandular 

mucosa is exposed to acidic gastric contents.1,5  

Equine gastric ulcer syndrome (EGUS) is a term used to encompass all ulcerative disease of the equine 

gastric mucosa.1 The terms equine squamous gastric disease (ESGD) and equine glandular gastric 

disease (EGGD) are used to describe the affected mucosa,1 and recognise the difference in 

pathogenesis, prevalence and treatment between ESGD and EGGD. The conditions ESGD and EGGD 

can occur concurrently within the same horse or independently. 

The pathogenesis of ESGD is considered to be predominantly due to increased exposure of the 

squamous mucosa to gastric acid. Horses are constant secretors of gastric acid, irrespective of feed 

consumption.6 Damage to the squamous epithelium occurs rapidly with evidence of acid injury evident 

within 30 minutes of exposure in vitro.7,8 In contrast, the glandular mucosa is exposed to highly acidic 

gastric contents under normal physiological conditions,9 and EGGD is likely the result of the 

breakdown in defence mechanism that, under normal circumstances, protect the mucosa from acidic 

gastric contents. The differences in pathogenesis of ESGD and EGGD is supported by a failure or 

delayed improvement of glandular lesions in response to the administration of acid suppressive 

therapy, particularly in settings where there is improvement of squamous mucosa ulceration.10,11 

Ulcerative disease of equine gastric mucosa is a common condition, with the reported prevalence 

within the equine population varying from 20-90%.12,13 The squamous gastric mucosa is more 

commonly affected than the glandular gastric mucosa.13-16 The most commonly reported site for ESGD 
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is along the margo plicatus of the lesser curvature.14,15,17 The reported prevalence of EGGD is between 

13-51%,12,13,15,16,18 with the pyloric antrum and the pylorus being most commonly affected.15 The 

prevalence of EGUS in foals has been reported to be up to 51%, with a prevalence of 22% in 

hospitalised non-surviving foals.19,20 Both ESGD and EGGUS occur within foals.21 Although incompletely 

understood, the aetiopathogenesis of EGUS in neonatal foals is considered to be different from that 

of mature horses.22,23 

A wide range of clinical signs have been reported to be associated with EGUS in the adult horse, 

including reduced or capricious appetite18, poor body condition, poor hair coat and abdominal 

discomfort.1 Clinical signs are more commonly associated with ESGD in the adult horse, but are not 

necessarily associated with lesion severity.24 Gastroscopy remains the only accurate way to diagnose 

EGUS ante mortem.2 In addition to confirming the presence or absence of EGUS, gastroscopy allows 

distinction of the involvement of squamous mucosa and glandular mucosa and determination of the 

location and severity of the lesions. Assigning a score or grade to a gastric lesion to characterise 

severity facilitates the selection of treatment modalities and determination of the anticipated 

duration of treatment required for lesion healing.25 Several grading systems have been proposed for 

EGUS;4,13,26,27 however, the reliability of these grading systems have not been extensively explored, 

despite extensive use. An effective grading system requires good interobserver and intraobserver 

reliability to decrease ambiguity in ulcer scoring and enhance the ability to understand the clinical 

importance of gastric ulcer disease in horses.28 In addition, a reliable scoring system would enhance 

the ability of investigators to compare the effects of treatments on gastric ulcer healing and compare 

the results between studies.26 The Equine Gastric Ulcer Council (EGUC) has described a 5 point ordinal 

grading system that is simple, straightforward and can be applied to the squamous and glandular 

mucosa.4,29,30  

The goal of treatment of EGUS is to increase gastric fluid pH to limit the exposure of the squamous 

mucosa to acidic contents, including HCl and VFAs. Treatment of EGUS, with pharmaceutical agents 
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that supress gastric acid secretion and increase the pH of gastric fluid, can facilitate healing of ulcers 

without changes to management or training practices.13,21,29-31 Substituted benzimidazoles suppress 

gastric acid secretion by inhibition of the hydrogen-potassium adenosine triphosphate (ATP) enzyme 

system at the secretory surface of the gastric parietal cells. This effect is dose-related and leads to 

inhibition of both basal and stimulated acid secretion.27,32 The most commonly marketed and tested 

substituted benzimidazole in the horse is omeprazole.33 There has been extensive research on the 

effects of omeprazole on EGUS healing and prevention, and effects of formulation, dose and feeding 

practices on the pharmacodynamics and pharmacokinetics of the drug.33,34 Omeprazole is acid labile 

and protection is considered necessary to prevent degradation of the drug within the acidic 

environment of the stomach.35 As such, there are several formulations of omeprazole registered for 

treatment of EGUS, including buffered and enteric-coated omeprazole which are used to enhance 

drug bioavailability. Enteric coated formulations have increased bioavailability when compared with 

buffered omeprazole.10,29,36 Pharmacodynamics and treatment efficacy is most commonly 

demonstrated by increased intragastric pH and decreased EGUS score. In humans, the healing of 

gastroesophageal reflux disease, which is a similar disease process to equine squamous gastric disease 

(ESGD), is achieved when the time pH is >4 exceeds 66%.37  

Due to the reported prevalence of gastric lesions in neonatal foals,19,20,38 risk of low intragastric pH, 

and concern for potential  fatal consequences of gastric ulceration, neonatal foals in ICU settings are 

frequently administered acid-suppressive medication empirically, without confirmation of gastric 

ulceration.39 Gastric acid may be beneficial, providing an important barrier against bacterial 

colonisation of the intestinal tract in foals, as has been described for human infants,40 and the 

production of gastric acid has been associated with survival in clinically ill neonatal foals.41 

Administration of  acid-suppressive medications to neonatal foals admitted to the ICU has been 

associated with increased risk of undifferentiated diarrhoea during hospitalisation,42 further 

questioning the practice of empirical administration of these therapeutics.   
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1.1 Research objectives 

This research objective of this project were to determine: 

1. The reliability of grading systems used for EGUS  

2. The pharmacodynamics and pharmacokinetics of a novel in-feed preparation of enteric-

coated omeprazole  

3. The bioavailability of a novel in-feed preparation of enteric-coated omeprazole against a 

commercially-available enteric-coated omeprazole formulation 

4. The gastric pH profile of systemically ill hospitalised neonatal foals and factors that may 

influence gastric pH 

1.2 Thesis Structure 

The thesis is compiled in accordance with Charles Sturt University recommendations for a professional 

doctorate by publication. Chapter 2 is a comprehensive literature review of important concepts of 

equine gastric ulcer syndromes, including; pathophysiology, prevalence, diagnostic techniques, 

overview of EGUS grading systems, the reliability of EGUS grading systems, current therapeutic 

recommendations for EGUS, in adults and in foals, and a review of pharmacokinetic and 

pharmacodynamic studies on omeprazole.   

Chapter 3 consists of a manuscript submitted to the Journal of Veterinary Internal Medicine entitled 

‘Interobserver and intraobserver reliability for two grading systems of Equine Gastric Ulcer Syndrome’. 

This chapter proposes a novel grading scale for EGUS and reports the reliability of two grading systems 

for EGUS; the grading system currently recommended by the Equine Gastric Ulcer Council, as well as 

a novel visual analogue scale.  

Chapter 4 consists of a manuscript submitted to the Journal of Veterinary Internal Medicine entitled 

‘Pharmacokinetic and pharmacodynamic effects of different omeprazole preparations and dose rates 

in horses’. This chapter reports the pharmacokinetics and pharmacodynamics of a novel, in-feed, 
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enteric-coated omeprazole product in comparison with a commercially available oral enteric 

omeprazole product.  

Chapter 5 consists of manuscript accepted for publication in the Journal of Veterinary Internal 

Medicine entitled ‘Intragastric pH of foals admitted to the intensive care unit’. This chapter presents 

the observation findings of 24 hours of continuous intragastric pH measurement in foal admitted to 

the intensive care unit over two years, as well as clinical associations of data collected at the time of 

presentation.  

Chapter 6 is an exegesis providing thorough discussion of the results of the research and provides an 

insight into the potential contributions of this research to the veterinary profession and scientific 

literature. 
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2.1 Introduction  

The equine stomach is covered with two distinct type of mucosa, the squamous mucosa and the 

glandular mucos.3 Equine gastric ulcer syndrome (EGUS) is the most common condition of the equine 

stomach.2 EGUS is a term used to encompass all ulcerative conditions of the equine stomach. The 

terms equine squamous gastric disease (ESGD) and equine glandular gastric disease (EGGD) are terms 

used to describe ulcerative conditions according the affected mucosa.1 Other conditions of the equine 

gastric mucosa include neoplasia, of which squamous cell carcinoma of squamous mucosa is most 

commonly reported, and gastric impactions.43 The prevalence of EGUS has been reported to be as high 

as 90% in in-work race horses, and high prevalence has also been reported in other performance 

horses.15,44,45 With weak associations between clinical signs and the presence of EGUS being 

reported,16,24,46,47 a diagnosis of EGUS cannot be made on the presence or absence of clinical signs 

alone. Gastroscopy is the most accurate diagnostic modality for detecting EGUS, and ruling out other 

conditions of the stomach.1 Gastroscopy allows for visualisation of both the squamous and glandular 

mucosa, and determination of severity of disease by grading of squamous and glandular gastric 

ulcerations. There have been several grading systems proposed for the use of grading the severity of 

EGUS.4,13,26,27 The value in grading gastric mucosal lesions is the ability to measure severity, and the 

change in severity over time, in response to treatment and management interventions. For grading 

systems to reflect accurate changes in severity they require excellent interobserver and intraobserver 

reliability.28  

Treatment of EGUS is focussed on increasing intragastric pH.37,48 Omeprazole, a substituted 

benzimidazole, decreases gastric acid secretion by inhibition of the hydrogen, potassium adenosine 

triphosphate enzyme in the parietal cell membrane.146-148 Omeprazole is widely used for the treatment 

of EGUS,33  and is has been demonstrated to be most efficacious for treatment of ESGD.49,50 

Omeprazole has also been demonstrated to increase intragastric pH in foal.39,51 Due to the fear of the 

secondary consequences associated with EGUS, particularly EGGD, in foals, such as gastric rupture and 

pyloric or duodenal stenosis,5,52 acid suppressive therapeutics are administered without confirmation 
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of EGUS. This indiscriminate used of acid suppressive therapy within neonatal foal admitted to the ICU 

has been associated undifferentiated neonatal diarrhoea.42 The benefit of increasing intragastric pH 

in foals is unknown.  

2.2 Anatomy of the equine stomach 

The equine stomach is one single compartment,3 which can be divided into three distinct regions; the 

dorsal squamous fundus, which includes the cardia, the ventral glandular fundus and the pyloric 

antrum (Figure 2.1).1-3 The equine gastric mucosa is divided into two distinct types, the glandular 

mucosa and non-glandular or squamous mucosa, which are delineated by the margo plicatus.1-3 The 

squamous mucosa covers the oesophagus and approximately one third of the proximal gastric mucosa 

(Figure 2.1).1,4 The squamous mucosa has not absorptive or secretory capacity and is vulnerable to 

injury. The glandular mucosa is a more complex structure, as it contains mucus-secreting cells and 

gastric glands.1,4 The gastric glands secrete hydrochloric acid (HCl), pepsin, bicarbonate and mucous, 

and under normal conditions, the glandular mucosa is exposed to acidic gastric contents.1,5  

 

 
Figure 2.1: Image from the ECEIM Consensus Statement of a post-mortem specimen of the equine stomach depicting the 
anatomical regions of the stomach.1 

 

 

 

Figure obtained from: 

Sykes BW, Hewetson M, Hepburn RJ, et al. European College of Equine Internal 
Medicine Consensus Statement – Equine Gastric Ulcer Syndrome in Adult 
Horses. J Vet Intern Med 2015;29:1288-1299.   

Figure 2 A post-mortem specimen of the equine stomach depicting the 
anatomic regions of the stomach 

Available at https://doi.org/10.1111/jvim.13578 
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2.2.1 The squamous mucosa  

The stratified squamous mucosa covers the oesophagus and continues in the cardiac and dorsal 

fundus of the stomach.53 There are three main anatomic regions within the squamous portion of the 

stomach; the dorsal fundus, greater curvature and lesser curvature (Figure 2.1). The greater and lesser 

curvature are adjacent to the margo plicatus.  

The squamous mucosa is a simple structure that consists of tightly bound cornified superficial 

epithelium that serves as a protective barrier.1,4 Normal gastric squamous epithelium has a varying 

thickness of 309-1154μm, and is thickest adjacent to the margo plicatus.54 The squamous mucosa is 

functionally inert.55 It has been hypothesised that the squamous mucosa has little to no defence 

against acidic or peptic injury, and that the primary defence mechanism of limiting of squamous 

mucosa ulceration is to decrease exposure of the squamous gastric mucosa to acidic gastric contents.56 

However, recent histopathological examination  of the squamous mucosa and staining with anti-mucin 

antibody stain in horses has identified surface mucous (Figure 2.2).57 No glands have been observed 

in the histopathological examinations of the squamous mucosa, and the origin of the mucin over this 

region is unknown. It has been speculated that the mucin may originate from the glandular mucosa, 

or from nasal, salivary and respiratory mucin.57 There also has been recent evidence of a hydrophobic 

oligolamellar phospholipids barrier of the squamous mucosa, demonstrated through contact angle 

measurements and electron microscopy.58 It is difficult to translate the histopathological findings from 

tissues collected at post-mortem examination to the tissue with the live horse. Squamous mucosa of 

the stomach is inherently resistant to luminal acid, primarily because of the thickness of the stratum 

corneum and presence of high electrical resistance and tight epithelial junctions.7 
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Figure 2.2: Image of the histopathological examination of equine squamous gastric mucosa from Bullimore et al (2001). 
This section was stained with anti-mucin antibody (brown staining) and counter-stained with haematoxylin.57 

Histologically, the squamous mucosa consists of four zones (Figure 2.3). The stratum corneum is the 

outermost layer which is cornified and has several cell layers. The cells in the stratum corneum contain 

pyknotic nuclei or lack nuclei completely. Beneath the stratum corneum is the stratum transitionale, 

which contains cells with round large nuclei. The stratum spinosum contains smaller, oblong shaped 

cells. The base layer has two to four cell layers and is termed the stratum basalae or stratum 

gemanitivum, which contains cuboidal cells containing large centrally located nuclei.53 The squamous 

mucosa is highly proliferative, with a high turn-over of cells. This is supported by the finding of a high 

number of epidermal growth factor receptors within the basal cells.59 There are no glandular 

structures within these layers, suggesting that the squamous epithelium has no secretory function.55 

There are no inflammatory cells present within normal squamous gastric epithelium.54 

 

Figure 2.3: A schematic diagram of the equine squamous gastric mucosa, from Bell et al (2007).60 

 

Under normal physiological circumstances, the squamous mucosa rarely comes in contact with 

ingesta, meaning there is little contact with the squamous mucosa to acidic gastric contents, rendering 

Figure obtained from: 

Bullimore SR, Corfield AP, Hicks SJ, et al. Surface mucus in the non-glandular 
region of the equine stomach. Research in Veterinary Sciences 2001;78:149-155.  

Figure 3 Mucus layer over the non-glandular region (x 150). Tissue fixed 
in 20 per cent formalin with 1 per cent cetylpridinium chloride, stained 
using an anti-mucin antibody (brown staining) and counter-stained with 
haematoxylin.  

Available at https://doi.org/10.1053/rvsc.2001.0455 

 

 

 

 

Figure obtained from: 

Bell RJW, Mogg TD & Kingston JK. Equine gastric ulcer syndrome in adult horses: 
A review. NZ Vet J 2007;55:1-12. 

 Figure 1 Equine gastric squamous mucosa.  

Available at https://doi.org/10.1080/00480169.2007.36728 
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the need for protective secretory properties worthless.55 Although, the squamous mucosa is 

functionally inert and simple, these properties make it vulnerable to injury. 

2.2.2 The glandular mucosa 

The equine glandular mucosa is a more complex structure than the squamous mucosa.  The glandular 

mucosa can be divided into three anatomic regions: the cardiac region, ventral fundus and pyloric 

antrum.60 These anatomical regions of the glandular gastric mucosa also have differing functionality. 

Broadly, the glandular gastric mucosa contains secretory cells within mucus-secreting cells and gastric 

glands. The gastric glands contain six main cell types: parietal cells, zymogen cells, chief cells, D-cells, 

mast cells and enterochromaffin-like (ECL) cells (Figure 2.4).60 The fundic glandular mucosa is the 

largest region, and includes the greater and lesser curvature.55 This region of glandular gastric mucosa 

contains parietal cells, zymogen or chief cells and enterochromaffin-like (ECL) cells.55,60 Gastric glands 

also contain mucus and bicarbonate secreting cells.55 The pyloric antrum region of gastric glandular 

mucosa contains the G-cells and the D-cells and about twice as many ECL cells than any other region 

of the glandular mucosa.55,61 Little is known about the function of the cardiac glandular region.55 

Hormone-producing cells are also present within the glandular gastric mucosa, and are most 

numerous in the cardiac and ventral fundic regions.62 This is in contrast to what has been reported in 

other species, where these hormone producing cells are more numerous in the pyloric antrum.62  

 

Figure 2.4: A schematic diagram of an equine gastric gland of the glandular gastric mucosa, from Bell et al (2007).60 

Secretion of bicarbonate in conjunction with the adherent mucus gel layer protects gastric glandular 

mucosa from the luminal acidic fluid by a process of surface neutralisation.63 Gastric bicarbonate 

secretion is stimulated by prostaglandins, low intragastric pH and cholinergic agonists.63  

Figure obtained from: 

Bell RJW, Mogg TD & Kingston JK. Equine gastric ulcer syndrome in adult horses: 
A review. NZ Vet J 2007;55:1-12. 

 Figure 2 Equine gastric gland.  

Available at https://doi.org/10.1080/00480169.2007.36728 

 

 

 

 

 



38 
 

The glandular mucosa is highly differentiated, but not highly proliferative.59 Much of the replacement 

of the superficial epithelium within the glandular mucosa occurs by cellular restitution, which is 

characterised by migration of cuboidal cells from the gastric glands to the luminal surface and is not 

associated with cellular proliferation.59 

2.3 Physiology of the equine stomach  

Gastric motility is initiated and mediated through vagal nerve activity, which provides 

parasympathetic input via the myenteric plexus.3 Gastric motility and emptying occurs in two ways; 

increased tone of the proximal half of the stomach and peristalsis. Increased tone of the proximal half 

of the stomach causes a contraction that empties the fluid content from the stomach. Peristalsis 

progresses from the body of the stomach to the pylorus and results in ingesta moving toward the 

duodenum.55,60 

Gastric secretions are continuous in the horse, and non-parietal cell secretions, such a biliary and 

pancreatic secretions, contribute to the large volume of gastric secretions, including during fasting.6,55 

Basal acid secretion in horses has been estimated to be approximately 30% of maximal output.64 

Several studies have demonstrated that the gastric fluid of horses is predominately acidic, with pH of 

<4, varying from 1.54-2.65.8,65 In several studies, gastric fluid pH varied greatly and pH increased for 

up to five hours after feeding.8,52,66 Intragastric pH is influenced by HCl secretion by the parietal cells, 

volatile fatty acids (VFAs) such as acetic, propionic and butyric acids, which are by-products of 

carbohydrate fermentation, saliva production, and biliary, pancreatic and duodenal secretions.60,67 

Efflux of duodenal contents into the equine stomach can be considerable, which have both buffering 

and dilution effects on gastric secretions, and influence gastric fluid pH.55 Hydrochloric acid is secreted 

by the parietal cells of the gastric glands,55 predominantly by hydrogen-potassium adenosine 

triphosphate (ATP) pump activity. Hydrochloric acid secretion by the ATP pump on parietal cells is 

mediated through vagal nerve input, via the cholinergic gastric myenteric ganglia, as well as through 

hormonal and paracrine stimulation.64,68,69 The parietal cells are stimulated to release HCl by the action 
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of acetylcholine released from the postganglonic cholinergic nerve fibres in the gastric mucosa.70   The 

hormone, histamine, is secreted by the ECL cells,  in response to gastrin: this histamine release then 

stimulates HCl secretion.69 The G cells within the pyloric antrum are the major source of gastrin 

secretion.55 Gastric secretion is stimulated by the neurotransmitter gastrin-releasing peptide (GRP) 

and inhibited by somatostatin secretion, produced by the D cells.55,68 Therefore, HCl secretion is 

regulated directly by cholinergic stimulation of the parietal cell and indirectly by the decrease in 

somatostatin secretion.68 It is suspected that the G-cells and D-cells have a close anatomical 

relationship, which reflects the physiological relationship in the endogenous regulation of pH.55 Within 

other species, there is also a reciprocal relationship with ECL cells and D-cells. Histamine produced by 

the ECL cells may have inhibitory effects on D-cells, mediated by a histamine-3 receptor.55 Pepsin is 

activated from pepsinogen by HCl, and is responsible for the enzymatic breakdown of protein.60 

Serotonin may be involved in the control of gastric blood flow and secretion of gastric fluid.55,71   

Mucus and bicarbonate secretion into the gastric lumen from the gastric glands are important in 

maintaining mucosal defence against acid and pepsin.55 Mucus is synthesised and released from 

epithelial cells.63 The mucus adheres to the mucosal surface, creating a barrier that is one continuous 

gel layer.63 The mucosal surface of the glandular mucosa is strongly hydrophobic,72 and creates a 

physical protective barrier against acidic gastric content.73 Within human and rodent models, a pH 

gradient across the mucus layer has been demonstrated, indicating that the mucus might also have 

buffering, or acid neutralising effects to maintain a neutral pH at the mucosal-mucous interface.73 This 

mucus-bicarbonate barrier on the glandular mucosa is also thought to exist in horses.23 

Prostaglandins (PG) have an important role in in maintaining gastric mucosal health, including  

inhibition of gastric acid secretion.74 There are several proposed mechanisms by which prostaglandins 

play a role in gastric mucosal cytoprotection, including stimulation of mucous secretion, regulation of 

mucosal blood flow and stimulation of non-parietal cell alkaline secretion.74 Secretion of mucus is 

induced in response to PG and carbachol.63 Prostaglandins exhibit important vasomodulatory effects 
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on various parts of the gastrointestinal tract. The vasodilatory properties of PG on the glandular 

mucosa likely ensure adequate oxygen availability and rapid elimination and buffering of hydrogen 

ions that have diffused through to the lamina propria.74 Prostaglandin is also thought to have a role in 

the production of bicarbonate from gastric mucosal cells, in response to increase gastric acidity, to 

maintain the mucus-mucosal pH gradient and neutral environment at the surface of the glandular 

mucosa.4 

2.4 Equine Gastric Ulcer Syndrome   

Gastric ulceration is the most common disease of the equine stomach.2 A consensus statement by the 

Equine Gastric Ulcer Council (EGUC) in 1999 defined a gastrointestinal ulcer as an alteration of the 

gastrointestinal mucosa that destroys cellular elements results in a defect that could extend to the 

level of lamina propria.4 Gastric mucosal ulceration can be preceded by hyperkeratosis and erosions, 

which are less severe disruptions of the gastric mucosa.4 Within human medicine, a mucosal break of 

smaller than 5 mm is termed an erosion, whereas a break greater than 5mm is a defined as an ulcer;75 

however, similar definitions have not been proposed in equine medicine.  

2.4.1 Terminology  

Equine gastric ulcer syndrome (EGUS) is a term used to encompass all ulcerative disease of the 

stomach.1 The terms equine squamous gastric disease (ESGD) and equine glandular gastric disease 

(EGGD) are used to describe the affected mucosa (Figure 2.5).1 This distinction is important as it 

recognises differences in pathogenesis, prevalence and treatment between ESGD and EGGD. 

However, ESGD and EGGD are not mutually exclusive, and both forms can occur within the same 

horse, or in isolation. These terms allow for clear identification of the affected region of the gastric 

mucosa in research and clinical settings. The term EGUS is often used to refer to squamous mucosal 

ulcerative disease, however, this is incorrect and gives the impression that only one form of ulcerative 

disease exists within the horse,1,2,76 and precludes the  differentiation of the prevalence, clinical signs, 
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and treatment effects of ESGD and EGGD.  Sub classifications of both ESGD and EGGD also exist (Figure 

2.5). 

 

Figure 2.5: Flow diagram of the proposed terminology for describing erosive and ulcerative disease of the equine stomach 
adapted from the ECEIM Consensus Statement on equine gastric ulcer syndrome in adult horses.1 

2.4.1.1 Equine Squamous Gastric Disease  

Primary and secondary forms of ESGD are recognised (Figure 2.5).1 Primary ESGD is the more common 

form, and occurs in horses with an otherwise normal gastrointestinal tract. Secondary ESGD is less 

common, and occurs as result of delayed gastric outflow. Secondary ESGD is more commonly 

recognised in hospitalised patients.1,2 

2.4.1.2 Equine Glandular Gastric Disease  

The pathophysiology of EGGD is not fully understood,77 making sub classification of this syndrome 

difficult. Unlike the sub classification for ESGD, the EGUC recommended the use of descriptive 

terminology, indicating the affected anatomical region and the gross appearance of the lesion (Figure 

2.5).1 Recommendations for the categorisation of the gross appearance of EGGD lesions are included 

in Table 2.1.1 Whether the differences in appearance can predict different pathologies or severity 

remains to be determined.78 Describing the locations and appearance of glandular ulceration is 

thought to be important, as rate of healing may vary depending on the anatomical location and the 

appearance of the lesion.1,79 However, difference in healing rate have been inconsistently 

reported.80,81  

Figure obtained from: 

Sykes BW, Hewetson M, Hepburn RJ, et al. European College of Equine Internal 
Medicine Consensus Statement – Equine Gastric Ulcer Syndrome in Adult 
Horses. J Vet Intern Med 2015;29:1288-1299.   

Figure 1 A summary of the proposal terminology for describing erosive 
and ulcerative diseases of the horse’s stomach.  

Available at https://doi.org/10.1111/jvim.13578 
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Table 2.1: The description terminology recommended to be used to grade EGGD.1 

Anatomical location Distribution Severity Appearance 
Cardia 

Fundus 

Antrum  

Pylorus 

Focal  

Multifocal  

Diffuse 

Mild 

Moderate 

Severe 

Flat and haemorrhagic 

Flat and fibrinosuppurative 

Raised and haemorrhagic 

Raised and fibrinosuppurative 

Depressed with or without a blood clot 

Depressed and fibrinosuppurative 

 

2.5 Pathophysiology of EGUS 

2.5.1 Equine Squamous Gastric Disease  

Primary ESGD is associated with management practices in horses with normal gastrointestinal 

function, and secondary ESGD is seen in horses due to delayed gastric outflow.1 The pathogenesis of 

ESGD is considered to be predominantly through increased exposure of the squamous mucosa to 

gastric acid. Horses are constant secretors of gastric acid, irrespective of feed consumption,6 and 

under normal conditions, the consumption of roughage creates a bolus of feed in the stomach that 

contributes to the buffering of gastric acidity. Any disruption of the normal stratification of pH within 

the gastric lumen results in a greater risk of increased duration of acidic exposure to the squamous 

mucosa and development of ESGD. Damage to the squamous epithelium occurs rapidly with evidence 

of acid injury evident within 30 minutes of exposure in vitro.7,8 Resolution of ESGD lesions observed 

after omeprazole treatment, in the absence of risk factor reduction, provides indirect evidence that 

gastric acid is the dominant erosive agent.13,21,29-31  

A proposed pathogenesis of ESGD, based on histological examinations of gastric mucosa of 21 horses 

subjected to euthanasia, is the stratified squamous epithelium reacts to acid exposure by becoming 

parakeratotic or hyperkeratotic.82 Sloughing of superficial layers then predisposes to secondary 

bacterial infection and migration of inflammatory cells. The lesion deepens and progresses from an 

erosion to an ulcer, exposing the unprotected subepithelial layers to acidic gastric contents.82 
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Experimentally-induced acute peptic injury to the equine squamous epithelium is associated with 

epithelial proliferation and vascular proliferation in the lamina propria with extension of capillaries  

and prominent epithelial projections into this layer.54 On histological examination, gastric squamous 

epithelium increases in thickness adjacent to ulcers and erosions. This increase in thickness is 

attributable to increase in both keratinised and nonkeratinised epithelial layers. The length of 

epithelial projection and the extent to which capillaries from the lamina propria extend in to the 

epithelium is greater in areas of erosions and ulcerations. Areas of ulceration lack keratinised layers 

of cells. More superficial ulcers had greater vascular cross-sectional areas when compared with severe 

ulcers, where few to no vascular structures were identified.54 

Acidic pH has a substantial in vitro corrosive effect on gastric squamous mucosa of horses.  Prolonged 

exposure of mucosa to acidic luminal contents is likely integral to the development of squamous 

erosions and ulcers in horses.7 In vitro detection of acid damage to squamous mucosa in Ussing 

chambers involves the measurements of short circuit difference and potential difference. The short-

circuit current is a direct indicator of active ion transport and, therefore, a measure of epithelial 

function and tissue viability.67,83 Short periods (<240min) of exposure of the squamous mucosa to pH 

of <4 causes reversible injury, with the short-circuit conduction returning to pre-exposure levels within 

one hour. Exposure of a pH <4 for greater than 240 minutes leads to mucosa injury and ulceration, in 

vitro.83 At pH <4, VFAs, including acetic, propionic and butyric acids induce mucosal damage 

manifested by a decrease in sodium transport, and an increase in tissue resistance in Ussing chamber 

models.67 This functional mucosal damage was associated with histological changes, including cellular 

swelling of the squamous epithelium67 and damage to the squamous mucosal barrier function and 

sodium transport mechanisms in the cell layers immediately deep to the stratum corneum, leading to 

eventual sloughing and ulcers.8 In another study, HCl exposure resulted in similar functional mucosal 

damage, with a greater impact at lower pH.83 A pH of > 4 in the stomach of horses may decrease the 

severity of damage induced by HCl, whereas prolonged exposure (> 180 minutes) of the squamous 

mucosa to acid conditions (pH ≤4) may lead to acid injury and gastric ulcers.67  Additionally, the type 
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of VFA can affect the amount of mucosal damage, with longer carbon chain VFAs, such as butyric acid 

causing more damage than shorter carbon chain VFAs, such as acetic acid.67 In vitro, VFAs cause more 

damage to squamous mucosa than HCl.83,84 The synergistic effects of HCl and VFAs may be the reason 

that diets high in fermentable carbohydrates have been implicated as a cause of gastric ulcers in 

horses.67  Bile salts may contribute to squamous mucosal damage, in vitro.85 

2.5.2 Equine Glandular Gastric Disease  

The glandular gastric mucosa is fundamentally different from squamous gastric mucosa, given the 

adaptation to constant exposure to acidic gastric contents, with the pH in the ventral portion of the 

stomach constantly <4.8,65,77 Therefore, EGGD is considered to be the result of the breakdown in 

defence mechanism that, under normal circumstance, protect the mucosa from acidic gastric 

contents. This is supported by a failure or delayed improvement of glandular lesions in response to 

the administration of acid suppressive therapy, particularly where there is improvement of squamous 

mucosal ulcers.10,11 

In humans, bacterial species, such as Helicobacter spp., have been implicated in the pathogenesis of 

peptic ulcer disease.75,86 In horses, histological examination and PCR of gastric mucosal lesions has 

demonstrated an inconsistent presence of Helicobacter spp. or Helicobacter-like DNA, with 10 out of 

18 horses with gastric mucosal lesions (ulceration/erosion/gastritis) having Helicobacter-like DNA. 

However, PCR of normal equine mucosa has also demonstrated the presence of Helicobacter spp., 

which questions the role of this bacteria in the pathogenesis of EGGD.87 The limitation of conventional 

PCR as a detection method for Helicobacter spp. is the number of bacteria cannot be quantified, and 

the viability of bacteria cannot be determined. Fluorescent in situ hybridisation (FISH) for bacteria in 

EGGD did not detect Helicobacter spp. in glandular mucosal lesions in 36 horses,88 further raising 

uncertainty on the role of bacteria, including Helicobacter spp. in the pathogenesis of EGGD.  

Phenylbutazone, administered at high doses (4.4mg/kg PO q12h), has been associated with an 

increase in glandular gastric mucosal disease.89,90 In one study, lesions were most frequently seen in 
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the pylorus antrum.90 In that study, there was no change in concentration of prostaglandin E2 in the 

tissues associated with treatment with phenylbutazone; however, biopsies were obtained from 

normal glandular mucosa and not from ulcerative lesions.90 In addition, EGGD has been demonstrated 

in horses administered COX-2 selective non-steroidal anti-inflammatory drugs (NSAIDs) such as 

firocoxib (0.1mg/kg q24h).89 However, the severity of glandular mucosal lesions was greater in horses 

treated with phenylbutazone compared to firocoxib.89 Despite this association between EGGD and 

administration of NSAIDs, there has been no association in naturally occurring EGUS and NSAID 

administration.13  

Stress has been proposed as a contributing factor to development of EGGD in horses.91,92 In humans, 

it has been postulated that in stress-associated peptic ulcer disease, increased cortisol concentration 

leads to decreased gastric mucosal prostaglandin concentration and gastric ulceration. In studies of 

rodents, there were no associations between cortisol and gastric mucosal concentration of 

prostaglandins or the presence of gastric ulcers,93,94 In one study, horses with EGGD had increased 

salivary concentrations of cortisol after administration of exogenous ACTH, which might indicate that 

stress has a role in the pathogenesis of EGGD.91 Further, physiological stress has been postulated to 

be a risk factor for EGGD.92 In a study of 98 Warmblood horses, a greater prevalence and severity of 

EGGD in horses was found to be associated with a greater faecal cortisol metabolite concentration.95 

While this study did not prove causation for EGGD from increased systemic cortisol concentration, 

further research into the role of physiological stress in the pathogenesis of EGGD is warranted.       

2.5.3 Pathophysiology of EGUS in foals  

The pathophysiology of the EGGD in neonatal foals has not been thoroughly explored. Hypoperfusion, 

and subsequent breakdown in defence mechanisms, particularly of the glandular gastric mucosa, has 

been proposed to contribute to the pathophysiology of EGUS in foals.22 Further, it has been postulated 

that foals are more susceptible to EGGD due to immature gastric mucosal defence mechanisms.23 At 

the time of birth, the foal has a thin squamous epithelial layer that, in the first two week post-partum, 
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undergoes vigorous epithelial hyperplasia with thickening of the keratinised layer and increased 

epithelial projections in the lamina propria.96 Thickening and hyperplasia of the squamous mucosa 

may be due to exposure to the acidic intra-gastric environment, or in response to milk derived growth 

factors, or both.96 Clinical normal neonatal foals have been demonstrated to have a mean intra-gastric 

pH ranging from 2.89-4.18.51 Recumbent foals have been demonstrated to have predominantly 

alkaline intragastric pH profiles, which indicates that increased exposure to acidic gastric contents may 

not contribute to the pathophysiology of EGUS in neonatal foals.41  

2.6 Epidemiology of EGUS 

2.6.1 Prevalence in adults  

The reported prevalence of ESGD varies from 22-93%,12,13 with an increase in the reported prevalence 

since 1940.16,17,46,97 There are many epidemiological studies outlining the prevalence of EGUS within 

different populations,12,13,16 with the prevalence in Thoroughbred and Standardbred race horses 

investigated extensively.15,46,49,97,98 The results of these studies are presented in Table 2.2. The 

squamous gastric mucosa is more likely to affected that the glandular gastric mucosa,13-16 and the 

most commonly reported site for ESGD is along the margo plicatus of the lesser curvature.14,15,17  

The reported prevalence of EGGD is between 13-51%,12,13,15,16,18 with the pylorus being most 

commonly reported affected region.15 Recently the prevalence of EGGD in Thoroughbred race horses 

was reported to be 25%.16 Most often EGGD is reported to occur in combination with ESGD,18 and the 

reported prevalence of EGGD without any ESGD is considerably lower.18 Associations between lesion 

location and severity has also been suggested, with ulcerative lesions of the squamous mucosa 

associated with the margo plicatus are more severe and glandular lesions around the pylorus are 

discrete.13,15 

In contrast to the prevalence of ESGD, which increases as the intensity of exercise and management 

increases, the prevalence of EGGD is more variable between populations. This finding suggests that 

other factors are more important than the intensity of exercise and management imposed during 
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training.77 The reported prevalence of ESGD in Standardbred and Thoroughbred horses is 70-

93%,15,46,49,97-99 compared with 22.2% for ESGD for wild horses presented to an abattoir.12 Some studies 

report a difference between racing stables, highlighting that feeding, management and training 

practices may impact the prevalence of EGUS within this population of horses.14,49 However, difference 

in EGUS severity between racing stables is inconsistently reported, with some studies highlighting no 

difference.46 
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Table 2.2: The reported prevalence of EGUS, as either ESGD or EGGD. 

Population No of horses ESGD 

prevalence 

EGGD 

prevalence 

Reference 

Thoroughbred  

Standardbred 

187 66% 6% Murray et al. 

1989 

Thoroughbred 67 93% 51% Murray et al. 

1996  

Standardbred 224 87% - Rabuffo et al. 

2002 

Standardbred 275 44% 13.2% Dionne et al. 

2003 

Thoroughbred 

Standardbred 

345 86% 47% Begg et al. 2003 

Arab endurance horses 30 56.7% 26.7% Nieto et al. 2004 

Standardbred 48 88% - Roy et al. 2005 

Thoroughbred 118 72.2% - Lester et al. 2005 

Swedish Standardbred 

trotters 

80 70% - Jonsson et al. 

2006 

Thoroughbred 

Standardbred 

175 88.3% - Bell et al. 2007 

Mixed (pleasure horses) 201 69% 57% Luthersson et al. 

2009 

Arab  

Anglo Arab  

30 93% 33.3% Tamzali et al. 

2011 

Non-domesticated horses 29  22.2% 29.6% Ward et al. 2015 

Domesticated horses 60 60.8% 70.6% Ward et al. 2015 

Mixed population 117 44.4% 70.9% Monki et al. 2016 

Thoroughbred racehorses  109 72% 25% Sykes et al. 2018 

Show jumping Warmbloods 83  39% 70% Pedersen et al. 

2018 
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2.6.2 Prevalence in foals  

The prevalence of EGUS in foals has reported to be up to 51%, with a prevalence of 22% in hospitalised 

non-surviving foals.19,20 In one study, the prevalence of EGUS in foals 9-30 days of age was greater than 

older foals;19 however, more recent investigations demonstrated that neonatal foals were less likely 

to have ulceration at any site relative to weanlings.20 Within this same study the prevalence of 

glandular or duodenal ulceration did not differ between foal age (<1 week to 6 months),20 which is 

contradictory to previous reports of ulceration in the pylorus and duodenum more commonly seen in 

foals aged 3 -5 months.5 Ulcerative lesions were more commonly seen in the squamous mucosa 

adjacent the margo plicatus and along the greater curvature.19,20 Although, one study demonstrated 

that foals with diarrhoea are more commonly diagnosed with EGUS,19 there has been no associations 

between the presence of ulceration and any classification of disease.20 The prevalence of EGUS in foals 

presented for post-mortem examination in one study was 25%.20 The mucosal ulceration was within 

the squamous mucosa exclusively, with the prevalence of ESGD reported as 13.7%. Glandular mucosal 

disease, without any squamous disease is less common, with 6% of foals presented reported of having 

disease of the glandular mucosa only.20  

2.6.3 Risk factors in adults  

There are several studies of risk factors associated with EGUS in adult horses.16,18,44 The reports of risk 

factors are inconsistent and sometimes contradictory. Risk factors reported to be associated with 

ESGD and EGDD are presented in Table 2.3. 

Horses in high intensity training have the highest reported prevalence of EGUS.15,46,49,97,100 Horses in 

work are more likely to have EGUS than horses at rest,18 and horses that had raced within the last 

month are more likely to have gastric ulcers than horses that have not raced within a month.97 An 

association between high intensity training and EGUS has been reported in other populations of 

horses. Gastric ulcers were observed in 93% of endurance horses eligible to compete in 90km rides, 

indicating that the horses were under intensive training regimens.101 In another study of endurance 
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horses, gastric ulcers were present in 66% of horses; however, this population were competing in 

shorter rides (50-60km) and would not have been under the same strict training schedule.102 

An association between age of the horse and severity of ulceration has been reported.13,18 In 2-year-

old horses, EGUS tends to be mild, whereas lesions in horses greater than 3 years of age are more 

likely to be moderate to severe.98 This increasing prevalence and severity in older race horses may 

reflect an increased amount of time in training, rather than age being the predisposing factor for EGUS, 

as other studies do not report an increase in lesion severity with age.46,97  

Other risk factors associated with EGUS include gait: in one study, trotters more likely to have gastric 

ulcer than pacers and galloping Thoroughbred racehorses had a higher prevalence than pacing 

horses.18  

The influence of housing on the risk of EGUS is unclear. In one study, horses living at racetracks had a 

greater prevalence of EGUS than horses housed at training centres.18 However, in a population of  

horses in training, housing in stables or on pasture was not associated with prevalence of ulcers or 

ulcer severity,46 and in another study, feeding regimen was considered to impact on the prevalence of 

EGUS, rather than housing type, as stall-confined horses commonly underwent intermittent 

feeding.103 The association between fasting and the development of ESGD has been previously 

reported.104 An intermittent fasting protocol have been employed in clinical studies looking at the 

detection and healing of EGUS.105 Bile salt concentration in gastric fluid has been demonstrated to be 

increased in fasting horses,85 which may result in ESGD.  

Diets composed of greater than 0.5kg/100kg body weight of non-structural carbohydrates, twice daily 

are associated with a higher risk of developing squamous mucosal ulceration, due to increased 

production of VFAs and lactic acid, which cause injury to the squamous mucosa in a pH-dependant 

manner.84 Conversely, diets higher in protein and calcium are protective against the development of 

gastric ulcers in animals that are confined to stables.8 Diets containing calcium carbonate might 

increase the pH of gastric contents and stimulate sodium transport in tissue which could reverse injury 
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caused by VFAs and HCl.84 Horses fed a diet of lucerne hay and grain diet have a lower number and 

severity of non-glandular squamous mucosa lesions when compared with horses fed a bromegrass 

diet.8 Feeding forage has been considered to be protective for the development of EGUS: however, 

for this protective effect, horses require ab libitum access.44 The type of forage being offered can also 

impact the development of ulcerative disease, with straw increases the likelihood of EGUS lesions >2/4 

by 4.4 times.44 Restriction of water intake increased the likelihood of EGUS score >2/4 by 2.7 times.44 

Non-steroidal anti-inflammatory drugs have been implicated in the pathogenesis of EGGD.106 In 

experimental settings, NSAIDs have been demonstrated to worsen EGUS when administered at 

increased dose rates and frequencies.106 However, used at the appropriate dosages, NSAIDs have been 

demonstrated to have minimal impact on EGUS when administered for 15 days,107 and the use of these 

drugs has not been associated with ESGD severity in other studies.13,108  

Transportation without feed has been associated with the development of ESGD.104 Feeding prior to 

transportation and a feed bolus within the stomach during transport may be protective against 

ESGD.104 It was speculated that the presence of a feed bolus within the stomach lumen may limit 

contact of the acid gastric fluid with the squamous mucosa.104 

To date, risk factors for EGGD have been poorly described. In studies that used intermittent feed 

deprivation as a method to induce EGUS, ulcers did not develop in the glandular mucosa.105 A recent 

study of the prevalence of EGGD demonstrated that Warmbloods were at risk for developing EGGD.92 

The authors speculated that psychological stress may increase the risk of EGGD.92 Increasing numbers 

of caretakers was associated with an increased risk for EGGD, which could potentially be attributed to 

stress responses caused by multiple people handling the horses, although this remains speculative.  

In one study, horses with sand enteropathy were less likely to have EGGD. This may be reflective of 

an increased amount of time spent outside in a paddock, rather than stall confinement. The authors 

speculated that horses with sand enteropathy are less stressed by management and less prone to 

stress-related EGGD.92  
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A ten-fold increase risk of EGGD was associated with exercising > 5 days per week, although no effect 

of exercise intensity of duration was observed.16 The presence of ESGD was associated with EGGD, 

while no association was identified between NSAID administration and gastric disease.16  

Table 2.3: A summary of reported risk factors associated with the development of ESGD and EGGD in horses.  

Population ESGD risk factors EGGD risk factors Reference 

Standardbred Increasing age - Rabuffo et al. 2002 

Standardbred Actively racing  

Gait (Trotters rather than pacers) 

Poor body condition 

Living at race tracks 

Increasing age  

- Dionne et al. 2003 

Standardbred High intensity training  

Gait (trotting vs pacing) 

First 6 months of training  

- Roy et al. 2005 

Swedish 

Standardbred 

trotters 

Status of training - Jonsson et al. 2006 

Arab  

Anglo Arab 

Increasing training 

Longer endurance race distance 

High starch diet 

- Tamzali et al. 2011 

Mixed population - Warmblood breed Monki et al. 2016 

Thoroughbred  Presence of stereotypies  Exercising >5 days per 

week 

Horses performing 

below expectation 

Trainer  

Presence of squamous 

disease 

Sykes et al. 2018 

Show jumping 

Warmbloods 

Increased exercise activity Performance level 

(lower levels)  

Increased exercise 

frequency  

In-work  

Pedersen et al. 

2018 
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2.6.4 Risk factors in foals  

Many predisposing factors of EGUS in foals have been proposed, although few risk factors have been 

associated with the development of squamous or glandular mucosal disease. ESGD has been 

demonstrated in foals that are systemically healthy and with no history of systemic illness, highlighting 

that the development of EGUS in foals is poorly understood.109 Physiologic stress, related or 

attributable to systemic illness, is considered a risk for EGUS, in particular EGGD, in foals.110 Previously, 

systemically-ill foals with hypovolaemia or hypotension were thought to be at an increased risk of 

EGGD, due to compromised perfusion to the stomach.22 In a more recent study, 65% of foals the study 

population were diagnosed with sepsis, and 62% had multiple diagnoses, however, only 15% had 

evidence of EGUS during necropsy.20 There was no association with clinical findings and the presence 

of EGUS.20 Foals with gastrointestinal disease were associated with the presence of EGUS at the time 

of necropsy, but a cause and effect relationship was not demonstrated.20 Infectious aetiologies of 

neonatal diarrhoea, including rotavirus, Campylobacter spp. or Clostridium spp. have been discussed 

as potential causes of EGUS in foals, but this has not been substantiated.111 Foals that are interrupted 

from nursing or are not nursing frequently could be predisposed to EGUS.96 This association is 

presumed to be due to a decrease in gastric fluid pH, but this relationship has not been explored.112 

2.7 Clinical signs and clinical syndromes of EGUS 

2.7.1 Adults 

There have been a wide range of clinical signs reported to be associated with EGUS in the adult horse, 

including reduced or capricious appetite18, poor body condition, poor hair coat and abdominal 

discomfort.1 It has been recommended that EGUS should be considered as a differential diagnosis in 

any horse demonstrating vague clinical signs potentially attributable to gastrointestinal discomfort.2 

EGGD should be considered as a differential diagnosis in any case demonstrating compatible clinical 

signs, regardless of usage type.2 There is also inconsistent reporting of the prevalence of EGUS in 

horses demonstrating clinical signs, with some studies demonstrated that the prevalence of EGUS was 
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not different between horses with a history of clinical signs and those without.16,24,46,47 In one study, 

EGUS was found in 92% of horses demonstrating clinical signs (recent acute, chronic or recurrent colic, 

diminished appetite, poor body condition and chronic diarrhoea): of these horses, 10% had EGGD, but 

90% had lesions exclusively in the squamous mucosa.24 Within the same study, 52% of horses without 

clinical signs had EGUS and lesions were most prevalent in the squamous mucosa.24   

Clinical signs are more commonly associated with ESGD in the adult horse, but are not associated with 

severity, as grade 3-4 lesions can be present in asymptomatic horses.24 Increased prevalence and 

severity of EGUS in horses has been associated with poor hair coat, capricious appetite and history of 

abdominal discomfort.47 This association does not prove causation, as these clinical signs are vague 

and likely reflect signs of poor health. In one study, gastric ulceration was detected endoscopically in 

82% of horses that presented for abdominal discomfort. Of the population used in that study, the 

authors concluded that gastric ulceration was the primary cause of colic in 30% of the horses, based 

on the lack of other abnormalities detected and the clinical response to treatment with histamine 

type-2 receptors antagonists, and improvement or resolution of ulceration.113 In a subsequent study, 

49% of horses presenting for assessment and treatment of abdominal discomfort had gastric 

ulceration diagnosed via gastroscopy,108 and the prevalence was greater in horses that responded to 

medical treatment than horses that required surgical intervention.108 However, EGUS was not 

confirmed to be the cause of abdominal discomfort in horses of that study. Various studies have 

reported high prevalence of EGUS in horses without signs of colic or weight loss.16 It has been 

recommended that EGUS should be considered as a differential diagnosis in all cases of idiopathic 

colic, especially recurrent cases.2  

In several studies, EGUS has also been diagnosed in horses with poor behavioural or stereotypical 

behaviours;114-116 however, the causal relationship between behaviour and ulceration has not been 

established. Further, these studies didn’t explore changes or improvement in behaviour with 

treatment for EGUS.  
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The relationship between poor performance and EGUS is not well understood. In one study, EGUS was 

not associated with poor performance, while in another study, both ESGD and EGGD were associated 

with poor performance, and performance improved with treatment.117 In another study, horses with 

EGGD were  more likely to perform below expectation.16 However, poor performance is often 

multifactorial,118 and this can make it difficult to assess the magnitude of impact that a single clinical 

condition, including EGUS, has on performance.  

2.7.2 Neonatal foals  

Four clinical syndromes of EGUS have been described in foals, based on clinical, post-mortem 

examination and surgical findings:111 asymptomatic ulcers, symptomatic ulcers, perforating ulcers and 

ulcer-associated gastric or duodenal obstruction.5,111  

Clinical signs reported to occur in foals with EGUS include abdominal discomfort, poor appetite, dorsal 

recumbency, ptylism, and bruxism.111 Bruxism is expected be a reflection of pain, while ptylism is 

possibly due to gastro-oesophageal reflux.23,96 Obtund demeanour, tachycardia, tachypnoea and 

diarrhoea are non-specific clinical signs associated with gastric mucosal ulceration in foals.111 

Diarrhoea, poor appetite, poor growth, rough hair coat, pot-bellied appearance and interrupted 

nursing have been reported in association with gastric ulceration in foals.23  

 Foals with EGUS do not always demonstrate clinical signs,111 and some foals have developed gastric 

perforation and septic peritonitis subsequent to silent or asymptomatic gastric ulcers.96 Although 

ulceration can occur in both the squamous and glandular mucosa in foals, there is considerable 

concern regarding ulceration of the glandular mucosa within the pyloric antrum.5,96,111 Gastroduodenal 

ulceration can predispose to complications, including anaemia and hypoproteinaemia associated with 

whole blood loss, pyloric or duodenal stenosis and delayed gastric outflow.23,96,111 Further, it has been 

speculated that delayed gastric outflow due to pyloric or duodenal stricture formation and subsequent 

gastric distension might predisposition to ESGD.23,96  Marked clinical signs are often associated with 

gastric outflow dysfunction as a result of duodenal ulceration.4 Due to marked abdominal distension, 
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spontaneous reflux, and gastric fluid at the nares has also been reported in foals with delayed gastric 

outflow.111 Marked gastric distension may also lead to gastric rupture.111 Severe, deep ulceration may 

also lead to gastric perforation at the site of ulceration.96 Clinical findings associated with gastric 

perforation and associated local or diffuse peritonitis include fever, obtund mentation, leukopenia or 

leucocytosis and increased concentrations of acute phase proteins.23,96 Sudden death may also result 

from perforation of gastric ulceration.  Perforation of gastric ulcers in foals in uncommon, and may 

not be preceded by clinical signs.5,23 

2.8 Diagnosis of EGUS 

Due to non-specific clinical signs, diagnostic procedures are required to confirm the presence of EGUS. 

Haematological and blood biochemical examinations cannot aid in the diagnosis of EGUS.47 

Gastroscopy remains the only accurate way to diagnose EGUS ante mortem.2 However, other 

methods, such as sucrose permeability testing and faecal occult blood measurements have also been 

proposed.119 

2.8.1 Endoscopy  

Gastroscopy is a minimally invasive diagnostic method,2 and is tolerated well in adults and foals.19 In 

addition to confirming the presence or absence of EGUS, gastroscopy allows localisation and 

determination of the extent of the lesions and exclusion of other conditions, including gastric 

impaction and neoplasia.43 It is important to distinguish whether glandular mucosa, squamous mucosa 

or both are affected, as this has implications on treatment and management. Visualisation of the 

lesions permits grading of severity according to recommended grading systems.1,4,26 Gastroscopy is 

used in clinical and research settings to diagnose EGUS, and monitor treatment responses. Previously, 

gastroscopy has been performed only in hospital settings; however, with larger availability of portable 

equipment, ambulatory veterinarians can perform the procedure.2 Horses are commonly fasted for 

10-16 hours before endoscopy and water is provided as libitum.13,18,24,80 In Thoroughbred racehorses, 

fed high grain/low roughage diets, gastric emptying occurs quickly and only 6-8 hours of fasting is 
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often required for adequate gastric emptying.2 However, gastroscopy has practical limitations of 

impaired visibility due to excess ingesta and poor accessibility to some regions of the stomach. Further, 

underestimation of the presence of glandular lesions and the severity of non-glandular gastric ulcers, 

as determined at post mortem examination, has been reported.120  Histology of gastric tissue may 

provide a more accurate way of determining extent and severity of lesions present, as well as 

increasing the understanding of the pathogenesis of disease.120 In one study, gastroscopic evaluation 

of gastric squamous mucosa lesions tended to be more severe than histopathological examination,54 

suggesting that over-estimation of lesion severity may result with gastroscopy. 

2.8.2 Faecal occult blood 

In human medicine, detection of faecal occult blood is a useful and non-invasive way of detecting 

haemorrhagic conditions of the gastrointestinal tract, such as neoplasia, or haemorrhagic peptic 

ulcers.121 This method of detecting gastrointestinal haemorrhage has also been described in dogs.122  

The detection of equine erythrocyte isozymes in faecal samples of horses by ELISA has been 

described.123 There is a limit of detection with this method, meaning that small amount of blood 

cannot be detected, limiting test sensitivity.124 Also, intermittent haemorrhage may not be 

detected.123 This method only detects erythrocyte isoforms in the faeces, and the site of bleeding 

cannot be confirmed. Therefore, subsequent gastroscopy is required to confirm the presence of EGUS. 

This diagnostic technique will not differentiate between EGGD and ESGD.1  

2.8.3 Sucrose permeability testing  

Increased gastric permeability to sucrose is reliable indicator of gastric ulcers in rabbits, dogs and 

humans.119 Sucrose is a large molecule that that is unable to cross the intact gastric mucosa. Under 

normal conditions, sucrose is enzymatically hydrolysed to glucose and fructose, at the brush-border 

of the small intestine. However, when there is damage to the gastric mucosa, sucrose is able to 

penetrate the gastric wall and enter the circulatory system.105,119 Once in the circulatory system, 

sucrose is filtered from the blood by the kidneys and is concentrated and excrete in the urine.105 
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Sucrose concentration in urine and blood have been described to diagnose EGUS in horses.105,119 

Sucrose concentration has also been demonstrated to increase in horses with induced EGUS, with 

differences in sucrose concentrations between horses with EGUS scores of >3 and horses with EGUS 

scores of <2.119 A urine sucrose concentration of 0.7 mg/ml or higher has been demonstrated to have 

a sensitivity and specificity of 83% and 90%, respectively for the detection of gastric ulcers with a 

severity of greater than grade one, using the EGUC grading system.105 Blood sucrose concentration 

cut-off values have also been described for the diagnosis of EGUS, although the sensitivity, specificity, 

negative predictive values and positive predictive values of these proposed cut-off values is low.125 

This method of does not accurately allow for differentiation between squamous and glandular disease 

or for determination of the severity of ulceration. To date, this method has only been used in research 

settings and has not been utilised in clinical practice.105,119,125  

2.9 EGUS Grading systems  

Assigning a score or grade to a gastric lesion, observed on gastroscopic examination, in order to 

characterise severity facilitates the selection of treatment type and duration required for lesion 

healing.4 There have been several grading systems proposed for EGUS.13,26,27,120 The use of multiple 

scoring systems to grade the same condition makes comparison between studies difficult: ideally the 

same grading system should be used.126 An accurate ulcer scoring system would decrease ambiguity 

in ulcer scoring and enhance the ability to understand the clinical importance of gastric ulcer disease 

in horses.126 In addition, a reliable scoring system would allow investigators to compare the effects of 

various agents on gastric ulcer healing and compare the results of studies conducted by different 

investigators.26 

Comparison of endoscopic and histological examinations and interpretations of gastric mucosal 

lesions only demonstrated a weak association.120 Ulcer depth cannot be assessed accurately by 

gastroscopy.120 The number of lesions may also be underestimated on gastroscopic examination.120 
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Grading of glandular and squamous mucosae should be performed independently, as ESGD and EGGD 

are unrelated syndromes.1,26 Independent grading of squamous and gastric mucosa accounts for the 

different pathogenesis between the two syndromes and could facilitate improved understanding of 

the clinical signs, predisposing factors and response to treatment for each condition. Recently, it has 

been proposed that a hierarchical grading system for EGGD is inappropriate, as there is variation in 

the gastroscopic appearance of these lesions that may not correspond to severity or pathogenesis.1,82 

The various grading systems proposed for the grading of gastric mucosal lesions may reflect the 

uncertainty around the interpretation of severity and clinical importance. For grading systems, 

attempts have been made to capture severity by increasing the number of categories,13 or simplify 

the grading scale for ease of use.27 

2.9.1 EGUC grading system  

The EGUC described a grading system that is simple and widely used.4,29,30 This ordinal grading system 

can be applied to the squamous and glandular mucosae (Table 2.4). This system is similar in structure 

to other grading systems used to characterise clinical severity of other body systems, for example the 

ataxia and lameness grading systems.4 This system has been recommended for grading squamous 

gastric lesions.1 The EGUC grading system is simpler than other systems, including the 

number/severity system.127 The EGUC system has good repeatability and agreement between grades 

assigned by different examiners to individual cases, determined by ICC and Kappa statistics.127 The 

intraobserver reliability of this grading system has not been assessed.  
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Table 2.4: The EGUC grading scale.4 

Grade  Squamous Mucosa  

0 The epithelium is intact and there is no appearance of hyperkeratosis  

1 The mucosa is intact, but there are areas of hyperkeratosis 

2 Small, single or multifocal lesions 

3 Large single or extensive superficial lesions 

4 Extensive lesions with areas of apparent deep ulceration 

 

2.9.2 MacAllister grading system: the number/severity scoring system 

MacAllister et al (1997) described a number/severity (N/S) scoring system for gastric ulcer disease in 

horses (Table 2.5). The authors outlined the importance of evaluating the glandular and non-glandular 

portions of the stomach separately. It was also considered that the number of ulcers present should 

have a separate score from the severity of the ulcers. This system of scoring results in generation of 

four separate scores.26 Initial investigation into the reliability of the N/S system reported some 

variability between observers when grading lesions for number and severity, with greater variability 

in grading the number of non-glandular lesions.26 However, the study likely had insufficient power, as 

only 5 observers and 16 subjects were used.26 A subsequent estimation of the reliability of this system 

demonstrated greater discrepancy in scores between observers using the N/S, compared with the 

EGUC scoring system.127 The agreement between observers was also lower, when calculated using ICC 

and kappa statistic methods.127 The discrepancy between observers was greater for the severity 

component of the N/S grading system, and the authors postulated that this difference may have an 

impact in a clinical setting, as the median values varied by up to one full grade between observers.127 

The N/S system does capture active haemorrhage from the EGGD, which some authors do interpret 

as increased severity and depth, and this is not captured within the EGUC grading scale.102 

Haemorrhage from the glandular mucosa has also been reported as iatrogenic, and associated with 

mucosal abrasion from the gastroscopy procedure,26,78 hence this should be interpreted with caution. 
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On histological examination, experimentally-induced ulcers have proliferative margins, which could 

result in gastroscopic interpretation of increased size and depth, and vascularity of the ulcer and active 

bleeding was not reflective of depth.54  

Table 2.5: The MacAllister number/severity grading system.26 

Lesion number score Description 

0 No lesions 

1 1-2 localised lesions 

2 3-5 localised lesions 

3 6-10 lesions 

4 >10 lesions or diffuse (or very large) lesions 

Lesion severity score Description 

0 No lesion 

1 Appears superficial (only mucosa missing) 

2 Deeper structures involved (greater depth than No. 1) 

3 Multiple lesions and variable severity (1,2 and/or 4) 

4 Same as 2 and has active appearance (active = hyperaemic and/or 

darkened lesion crater) 

5 Same as 4 plus active haemorrhage or adherent blood clot 
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2.9.3 Other proposed grading systems  

Other grading systems have been described and used in studies of EGUS prevalence and treatment 

efficacy studies.13,27 The grading system proposed by Murray et al in 1996 (Table 2.6), attempted to 

provide more discrete levels of lesion severity than other grading systems, to minimise subjectivity of 

grading.13 This grading scale also includes increased severity scores for haemorrhage and recent 

bleeding; however, histologically, this does not correlate to increased severity of ulceration as more 

superficial ulcers have an increase vascular-cross section when compared with deeper ulcerative 

lesions in the squamous mucosa.54 
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Table 2.6: EGUS grading system proposed by Murray et al (1996) for grading of EGUS.13 

Score Squamous mucosa Glandular mucosa 

0 Normal Normal 

1 Mild hyperkeratosis, hyperaemia Focal areas of hyperaemia 

2 Moderate hyperkeratosis, hyperaemia, 

1 to 2 small erosions 

Multifocal hyperaemia or 1 small erosion 

3 Multifocal small erosions with 

hyperaemia +/- hyperkeratosis 

Multifocal hyperaemia, up to 3 small lesions 

4 1 to 4 small ulcers, minimal thickening 

at margin, +/- small erosions 

>3 small lesions, multifocal hyperaemia 

5 Deeper appearing ulceration, with mild 

thickening at margin +/- bleeding 

1 to 2 moderate-sized lesions, hyperaemia 

6 Multifocal ulceration, mild to moderate 

thickening at margins, +/- bleeding 

1 to 2 large lesions, hyperaemia  

7 More extensive, deep-appearing 

ulceration, +/- bleeding 

1 to 2 large lesions, + smaller lesions, 

hyperaemia 

8 Focal large, deep appearing ulceration, 

+/- multifocal erosions/ ulcers +/- 

bleeding. More extensive and with 

more changes (hyperaemia, erosion, 

hyperkeratosis) in surrounding tissue 

than for 7 

1 to 2 large, deep-appearing lesions, +/- 

smaller lesions, hyperaemia.  

9 Extensive, deep ulceration with 

bleeding, covering large area than for 8. 

3 to 4 large, deep-appearing lesions, +/- 

smaller lesions, hyperaemia.  

10 Most severe, most extensive, deepest-

appearing ulceration. Active bleeding or 

evidence of recent bleeding. Majority of 

mucosa ulcerated 

5 or more large, deep-appearing lesions, +/- 

small lesions, hyperaemia.  
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The EGUC grading system has also been adapted by authors.128 This adaptation involves recording 

individual scores using the EGUC grading scale for different regions of gastric mucosa, including; the 

margo plicatus at the greater curvature, margo plicatus at the lesser curvature, dorsal fundus, pylorus 

and glandular region. These scores are then averaged to obtain a squamous score and a glandular 

score and a composite score. Maximal squamous score and the maximal glandular score are also 

recorded.128 Other studies have used a similar adaptation, but rather than taking the mean of the 

individual regional score, a summed squamous and glandular score is used.104,129 This approach may 

be a more suitable, as calculating the mean of ordinal data is inappropriate, and non-parametric 

statistics should be applied. Even when numerical values are used, the description is a ranking, not a 

measurement, and cannot be analysed as continuous data130, as the interval or distance between each 

grade is arbitrary in terms of clinical meaning. The reliability of this adaptation of the EGUC grading 

system has not been assessed.  

The practitioner’s simplified (PS) scoring system, proposed by Andrews et al (1999), is a modification 

and simplification of the EGUC system that includes only 4 categories (Table 2.7).27 The PS grading 

system has better association with histopathological grading of gastric lesion, when compared with 

the N/S grading system,120 which might reflect a better ability to assess gastric ulcer size on 

gastroscopic examination, and an inability to accurately assess ulcer depth. In one study, mean 

agreement among investigators, using the PS scoring system, occured in 72% of cases, and mean 

disagreement was 1 point.119 The Kendall coefficient (W = 0.89) is reflective of excellent interobserver 

reliability of this grading system, when used by 5 observers with 12 subjects.119 Intraobserver reliability 

of this grading system has not been assessed.  
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Table 2.7: The practitioners’ simplified (PS) scoring system, proposed by Andrews et al (1999).27 

Grade  Description 

0 Intact mucosal epithelium (can have reddening and/or hyperkeratosis) 

1 Small single or small multifocal ulcers 

2 Large single or large multifocal ulcers 

3 Extensive (often coalescing) ulcers with areas of apparent deep ulceration 

 

2.9.4 Intraobserver and interobserver reliability  

Interobserver agreement or reliability is determined from the scores of different observers using the 

same grading system and assessing the same subjects or objects. Intraobserver agreement or 

reliability is determined from the scores of the same observer, using the same grading system to assess 

the same subjects or objects at different times.131 Interobserver and intraobserver reliability and 

agreement examinations are needed to estimate the amount of error in the grading systems.131 This 

could also be considered as repeatability and reproducibility. Repeatability is the amount of variability 

when the same subject is graded by the same observer at different points in time.132 Reproducibility 

is the amount of variability when the same subject is graded by two different observers.132 Hence, 

repeatability is the intraobserver reliability and reproducibility is the interobserver reliability.131,132  

Ordinal grading systems are widely used throughout veterinary medicine to evaluate the degree of 

severity of various conditions, including lameness, laryngeal function, heart murmurs, third carpal 

bone fractures and EGUS.133-138 For the grading systems to be useful, the grading system must have 

good interobserver and intraobserver reproducibility and repeatability, respectively 28. There is little 

assessment of agreement or reliability of the rating or scoring of EGUS, despite the fact the system is 

extensively used in clinical and research settings. The importance of understanding the repeatability 

and reproducibility of a grading system is highlighted when we assess treatment efficacy studies. Many 

studies utilised the EGUC grading system to measure treatment efficacy of different treatment 
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products and different doses of the same product.11 Many of these studies defined improvement as a 

change in one grade or more,11 and complete resolution as a return to grade 0 or 1: assessments of 

these types depend on the grading system having excellent intraobserver repeatability.33 A previous 

investigation of the reliability of the EGUC grading system only assessed interobserver reliability and 

only two examiners were included in the statistical analysis.127 The stratification of ulcer severity is 

largely unknown, and the statistical analysis used to determine reliability can be influenced by 

prevalence of disease in each category.139  

2.9.4.1 Agreement and reliability terminology  

The terms ‘reliability’ and ‘agreement’ are often used interchangeably. However, the two concepts 

are different. Reliability may be defined as the ratio of variability between subjects or objects to the 

total variability of all measurements in the sample. Therefore, reliability can be defined as the ability 

of a measurement to differentiate between subjects.131 Reliability is defined as the extent to which 

measurements can be replicated.140 On the other hand, agreement is the degree to which scores or 

rating are identical.131 

2.9.4.2 Types of grading systems  

Nominal rating systems classify subjects into categories that have no order structure.141 That is, two 

consecutive nominal categories are considered to be as different as the first and last categories,142 for 

example, male and female categories, or segregation based on breed or colour.141 Because of the 

descriptive nature of these categories, the data cannot be ranked.141  

Categorical scales are often used to approximate an objective evaluation of outcome variable for 

which precise measurements on continuous scales are not available.130 The degree of severity of 

clinical outcomes is typically measured on an ordinal scale using rankings or grades that be described 

in words, or the use of numbers or letters. When numerical data are generated using an ordinal scale, 

the data are rankings and cannot be analysed as continuous data,130 as the interval or distance 

between each grade is arbitrary in terms of clinical meaning. These grades are often findings for which 
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precise measurements on a continuous scale are not available.141 As such, they are approximate, 

subjective measures and, as a result, there is often debate in respect to repeatability and 

reproducibility.141 Despite these difficulties, grading systems are sometimes employed as a basis of 

comparison or measurement of clinical outcomes in studies investigating the efficacy of one or more 

clinical interventions.29,143  

Numerical rating scales and visual analogue scales are examples of continuous scales.130 Interval data 

have an arbitrary zero, and the intervals between each value are equally split. A common interval 

grading system is the temperature, where the 0oC is arbitrary measure, but each 10C increment 

increase is meaningful and equal. Another common interval scale is pH. Ratio grading systems (e.g. 

time and weight) have a natural zero measurement, where the zero measurement is equal to nothing. 

Using ratio scales, the ratio of two measurement has meaningful interpretation, for example 4 grams 

is twice as heavy as 2 grams. 

Understanding the difference between grading scales is important when assessing their reliability, and 

considering statistical methods.  

2.9.5 Measures of agreement or reliability  

Measurement of reliability, repeatability and reproducibility for grading systems depends on whether 

the scale is nominal or ordinal (qualitative data) or continuous (quantitative). There is large variation 

in the assessment of ordinal grading scales within the literature.130 Grading scales are tested for 

agreement, reliability or repeatability and reproducibility, as clinicians and researchers require 

reassurance that grading systems are robust, and changes in grading are correlated to a change in the 

condition. There is a lack of consistency and appropriateness of reported repeatability and 

reproducibility of various grading systems.130  

Percentage of agreement is the simplest way to determine how close observers use grading systems. 

Percentage agreement is not chance corrected, so it is a measure of exact agreement. The percentage 

agreement is calculated by the sum of the diagonal matrix, divided by the sum of the observations. 
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However, the use of only percentage agreement is insufficient because it does not account for 

agreement expected by chance.144 Chance agreement is the proportion of time observers agree in 

their classification simply due to coincidence. The true measure of agreement expected by chance is 

the probability that an identical categorical rating is given to two randomly selected subjects by two 

randomly selected observers.145   

Cohen’s kappa coefficient is a commonly used chance-corrected statistical method to determine 

interobserver reliability.28,127,146 However, Cohen’s kappa statistic is best suited for the analysis of 

nominal ratings.142 If categories can be ranked from low to high, the kappa coefficient could 

underestimate the extent of agreement among observers. The results would be misleading primarily 

because Cohen’s kappa treats any disagreement as total disagreement.142,144 The Cohen’s kappa 

statistic is influenced by prevalence of a finding or observation. For rarer findings, low values of kappa 

may not necessarily reflect low rates of overall agreement,147 and can reflect a paradox where a low 

Cohen’s kappa coefficient is calculated despite good agreement.130 The kappa coefficient has also 

been demonstrated to decrease with increasing number of categories.144 The paradox associated with 

prevalence of observations within each category, as well as number of categories, makes comparison 

of results from different studies difficult.144 The agreement coefficients proposed by Gwet has been 

proven to be most resistant to this paradox.139 Gwets’ AC1 statistic has been demonstrated to provide 

a reasonable chance-corrected agreement coefficient, in line with the percentage level of 

agreement.148 The Gwet’s AC1 statistics is developed primarily for nominal data, and is ineffective for 

evaluating agreement among observers on ordinal or interval measurement scales.142,149 When using 

ordinal or interval ratings, some disagreements are known to be more important than others, and only 

agreement coefficients that assign different weight to different types of agreement are desirable.  

Therefore, there are weighting coefficient applied to AC1 to make AC2 to account for partial 

agreements.142 Weighting of Cohen’s kappa is also described to adjust for partial or non-absolute 

agreement, but the paradox is still present when using this method.  
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Cohen’s kappa and Gwet’s agreement coefficient are not suitable for analysis of quantitative data, as 

agreement should not refer to exact match, as even if both raters are proficient are rating, they are 

still likely to produce slightly different numbers on a continuous scale. For this type of data, Bland-

Altman plots and interclass correlation coefficients are recommended to assess for interobserver and 

intraobserver reliability.140,142    

2.10 Measurement of gastric pH  

Measurement of intragastric pH is commonly undertaken in research settings to determine efficacy of 

therapeutic interventions used to treat and prevent EGUS. The methodology of intragastric pH varies 

between studies, and has evolved over time.6,66,129,150,151  

Early reports of measurement of intragastric pH include fitting horses with cannulas that allowed for 

intermittent draining of gastric fluid for analysis and pH measurement.6 The implantation of these 

cannulas was invasive, and required the horses to undergo general anaesthesia and the procedure 

was performed by experienced surgeons.152 After undergoing this procedure, aftercare of the incision 

and cannula sites is required, and in the initial reports of this technique, the horses required a two 

week recovery period prior to the initiation of the study, after which the cannulas were tolerated for 

up to 10 months without complications.6,152 This technique was initially reported to measure gastric 

fluid production in the horse, as well the pH and hydrogen ion concentration.6 However, this model 

has been readily used for monitoring gastric fluid pH and the impacts of pharmaceuticals and 

husbandry protocols.6,152,153 This cannulation technique required the horses to be fasted for up to 24 

hours prior to the collection of gastric fluid, but they did allow for continuous fluid collection.6,152 This 

method required measurement of gastric fluid pH after collection, and pH was often measured at 

intervals (15 minutes), rather than continuous measurement of pH.6,152 This intermittent 

measurement of gastric fluid by a benchtop pH meter after aspiration has also be described by other 

authors, including aspiration of gastric fluid through the biopsy channel of an endoscope or indwelling 

nasogastric tubes.103,104 This method has been used to assess the impact of treatment and 
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management changes on gastric pH in the adult horse.103 Aspiration of gastric fluid through the biopsy 

channel of the gastroscope, only allows for determination of gastric fluid pH at one point in time, and 

does not allow for change in pH over time in response to treatment and management changes to be 

captured.103 Fluid can be aspirated from the nasogastric tube at more frequent intervals (2 hours) 

which does allow for better approximation of change in gastric fluid pH over time.104 

Placement of indwelling pH electrodes in the stomach has been used within human medicine to 

continuously monitor gastric and distal oesophageal pH.154 This method has been adapted to be used 

within the horse. A pH electrode has been placed through the biopsy channel for pH measurement 

within different regions of the stomach.52  Measurements can be made at standardised sites of the 

mucosal surface of the stomach, as well as the gastric fluid. The mucosal surface is rinsed with water 

prior to the pH measurement being obtained.52 This method also only allows for intermittent pH 

measurements. Continuous measurement of intragastric or gastric fluid pH is the ideal way to capture 

change in pH over time in response to treatment and management practices. A pH electrode can be 

placed within the lumen of a narrow bore indwelling nasogastric tube for continuous measurement of 

intragastric pH, with a data logger connected to the halter or surcingle of the horse (Figure 2.6).9,35,66,129 

This methodology is well tolerated for horses and can remain in place for up to 48 hours.155 Although 

some studies used endoscopic guidance to ensure the nasogastric tube and modified pH probe are 

located in the gastric fluid,129 the pH probe position within the gastric lumen can vary. Use of 

noncompliant balloons and weights at the end of nasogastric tubes have been used in an attempt to 

minimised movement of the pH electrode.66,156 The non-compliant balloon is inflated inside the 

stomach to prevent withdrawal of the electrode and secure the location, just distal to the oesophageal 

sphincter at the lesser curvature (Figure 2.7).156 Other studies have employed the used of indwelling 

modified antimony pH probes, seated in the lumen of nasogastric tubes, as well as aspiration of gastric 

fluid through the nasogastric tube for measurement of pH on a benchtop pH meter.129 This approach 

allows for measurement of gastric pH by two methods. In the situation where the two methods do 
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not agree, the lowest pH reading is used for analysis, as low gastric pH is of greatest interest in drug 

efficacy studies.129  

 

Figure 2.6: Image from Murray et al (1993) demonstrating the ambulatory gastric pH recording apparatus. The recorder is 
secured within a pouch that has been attached to a mane tamer.66 

 

 

Figure 2.7: Image from Husted et al (2009) demonstrating a proximal view from the saccus caecus during gastroscopy. The 
semi-inflated balloon is highlighted by the black arrow and is located just inside the lower oesophageal sphincter, while the 
electrode is demonstrated by the white arrow, but cannot be seen in this image. The electrode position is located close to 
the squamous mucosa and margo plicatus at the lesser curvature.156 

Continuous measurement of intrasgastric pH has also been achieved through adaptations of the 

gastric cannulation method, whereby a disposable antimony pH electrode with internal reference is 

passed through the gastric cannula, and left in situ for 24 hours (Figure 2.8).35 The pH probe is attached 

to a compact recording device.35 More recently, a percutaneous gastrotomy tube (PEG) has been 

described for measurement of gastric fluid pH in the horse (Figures 2.9-2.11).151 This can be placed 

with gastroscopic guidance, understanding sedation of the horse. The pH electrode is fitted retrograde 

through the PEG (Figure 2.10).151 This method is considered to be less invasive than the previously 

Figure obtained from: 

Murray MJ & Schusser GF. Measurement of 24-h gastric pH using an indwelling 
pH electrode in horses unfed, fed and treatment with ranitidine. Equine Vet J 
1993;25:417-421.  

Figure 1 Ambulatory gastric pH recording apparatus. The pH electrode 
exits the right nares and is secured to the horse’s halter. The recorder is 
secured within a pouch that has been attached to a mane tamer.   

Available at https://doi.org/10.1111/j.2042-3306.1993.tb02983.x  

 

 

 

 

 

Figure obtained from: 

Husted L, Sanchez LC, Baptiste KE et al. Effect of a feed/fast protocol on pH in 
the proximal equine stomach. Equine Vet J 2009;41:658-662.  

Figure 1 Proximal view from the saccus caecus during the gastroscopy of 
a fasted horse. Semi-inflated balloon (black arrow) is located just inside 
the lower oesophageal sphincter, while the electrode (not visible) is 
located close to the squamous mucosa at the lesser curvature (White 
arrows: margo plicatus).  

Available at https://doi.org/10.2746/042516409x416431 
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described gastric cannulation method; however, it is a permanent intervention. With these methods 

of intragastric pH measurement, the location of the probe is known, and feeding practices won’t 

impact the ability to record pH, in contrast to methods that involve aspiration of gastric fluid.35,104,151 

With all of the cannulation methods described in the literature, 35 6,152,153 there should be consideration 

of the effects on gastric motility, as changes in gastric emptying and enterogastric reflux may influence 

the pH of gastric contents.  

 

Figure 2.8: Diagram from Merritt et al (2003) demonstrating the site of placement of the pH electrode, via a gastric cannula 
within the stomach.35 

 
Figure 2.9: A gastroscopic image from Sykes et al (2015) showing the final placement of the button gastropexy and 
percutaneous gastrotomy (PEG) tube.151 

Figure obtained from: 
Merritt AM, Sanchez LC, Burrow JA, et al. Effect of GastroGard and three 
compounded oral omeprazole preparations on the 24 h intragastric pH in 
gastrically cannulated nature horses. Equine Vet J. 2003;35:691-695  

Figure 1 Representation of the site of placement of the pH electrode, via 
the gastric cannula, within the stomach. (MP = margo plicatus). 

Available at https://doi.org/10.2746/042516403775696339 

 

 

 

 

 

Figure obtained from: 

Sykes BW, McGowan CM, & Mills PC. Placement of an indwelling percutaneous 
gastrotomy (PEG) tube for the measurement of intra-gastric pH in two horses. 
Equine Vet Educ. 2015;27:627-632 

Figure 4 A gastroscopic image showing final placement of the button 
gastropexy and percutaneous gastrotomy (PEG) tube. Prior to PEG tube 
insertion a 25mm nylon washer is placed over the shaft of the PEG tube 
to provide additional security against the stomach wall.  

Available at https://doi.org/10.1111/eve.12395 
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Figure 2.10: A gastroscopic image from Sykes et al (2015) showing final placement of the pH probe with 2 measurement 
points.151 

 

 
Figure 2.11: Image from Sykes et al (2015) demonstrating the external placement of the percutaneous gastrotomy (PEG) 
tube and button gastropexy between the 11th and 12th ribs.151 

The measurement of intragastric pH using modified disposable antimony pH probes has been 

described in foals.41,51,112 Placement of the pH electrode with endoscopic guidance,51 and placing a 

disposable antimony pH electrode within the lumen of a nasogastric tube prior to placement of the 

nasogastric tubes, have been both been previously described.41 Using these methods, the pH 

electrodes are presumed to be within gastric fluid if: fluid could be aspirated through the nasogastric 

tube, pH is <3.5 or abdominal radiography confirmed the pH probe within the gastric lumen and gastric 

fluid.51 The pH probe is then connected to a data logger which is attached to the foal.41   

Figure obtained from: 

Sykes BW, McGowan CM, & Mills PC. Placement of an indwelling percutaneous 
gastrotomy (PEG) tube for the measurement of intra-gastric pH in two horses. 
Equine Vet Educ. 2015;27:627-632 

Figure 5 A gastroscopic image showing final placement of the pH probe 
with 2 measurement points 5cm apart. The first measurement point is 
located approximately 1-2cm from the surface of the mucosa. The 
second measurement point sits freely within the ingesta/fluid contents 
of the ventral stomach.   

Available at https://doi.org/10.1111/eve.12395 

 

 

 

 

 

Figure obtained from: 

Sykes BW, McGowan CM, & Mills PC. Placement of an indwelling percutaneous 
gastrotomy (PEG) tube for the measurement of intra-gastric pH in two horses. 
Equine Vet Educ. 2015;27:627-632 

Figure 3 An image showing placement of the percutaneous gastrotomy 
(PEG) tube (top) and button gastropexy (bottom) between 11th and 12th 
ribs.  

Available at https://doi.org/10.1111/eve.12395 
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Measurement of gastric pH at different locations within the gastric lumen have been demonstrated 

to vary.157,158 Locations that are as little as 10-20mm apart have been shown to have different pH 

recordings.151 The intragastric variation in pH has been demonstrated in humans, and it has been 

suggested that a single pH electrode may not be sufficient to determine gastric pH profiles.159 The 

clinical implication of this regional variation in intragastric pH is unknown, and the exact location of 

pH measurement that correlates best to risk of EGUS, or more specifically ESGD, is also unknown.  

2.11 Treatment of EGUS  

The goal of treatment of EGUS is to increase gastric fluid pH, thereby limiting the exposure of the 

squamous mucosa to acidic contents, including HCl and VFAs. Treatment of EGUS, with 

pharmaceuticals that supress gastric acid secretion, thereby increasing the pH of gastric fluid, allows 

for healing of ulcers without any changes in the management or husbandry practices.13,21,29-31 Within 

human medicine, it is recommended that gastric pH is >4 for >66% of the time to facilitate peptic ulcer 

healing.37,48 Gastric acid suppression is most commonly achieved through the administration of proton 

pump inhibitors (PPI) and histamine type-2 receptor antagonists. 

2.11.1 Proton pump inhibitors 

Substituted benzimidazoles suppresses gastric acid secretion by specific inhibition of the H+/K+ 

ATPase enzyme system at the secretory surface of the gastric parietal cells. Because the H+/K+ ATPase 

enzyme is the final control of acid secretion, omeprazole will block acid secretion irrespective of 

stimulus. This effect is dose-related and leads to inhibition of both basal and stimulated acid 

secretion.27,32,160,161  

The most extensively marketed and tested substituted benzimidazole in the horse is omeprazole.33 

There has been considerable research into the effect of omeprazole on EGUS healing and prevention 

in the horse, including the effect of formulation, dose and feeding practices on the pharmacodynamics 

and pharmacokinetics.33,34 The efficacy of PPIs, in particular omeprazole, is mainly demonstrated in 
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healing of ESGD lesions. Omeprazole administration has been found to be less effective for the 

treatment of glandular gastric disease.10,11,80 

2.11.1.1 Formulations of omeprazole 

There are several formulations of omeprazole available, including intravenous and oral preparations. 

Oral preparations are popular due to the ease of administration, particularly when some horses 

require prolonged treatments.36,65 Omeprazole is acid labile and therefore protection is considered 

necessary to prevent degradation of the drug within the acidic environment of the stomach.35 As such, 

there are several formulations of omeprazole registered for treatment of EGUS, including buffered 

and enteric-coated omeprazole.10,29,36 These preparations are used to enhance the bioavailability of 

omeprazole. Considerable individual variation in bioavailability of oral preparations of omeprazole has 

been demonstrated.36 Enteric-coated formulations of omeprazole have been demonstrated to have 

increased bioavailability when compared with buffered omeprazole.10,29,36 Intramuscular 

administration of omeprazole has been described, which would potentially allow effective acid 

suppression to be achieved without dietary modification to accommodate for absorption, as is 

currently required for oral formulation of omeprazole.157 

2.11.1.2 Pharmacokinetics  

Pharmacokinetic studies of omeprazole in the horse have often been performed using small numbers 

of horses, and compared oral and intravenous administration of omeprazole.36,129,162 The half-life of 

intravenously-administered omeprazole, at the dose rate of 0.5mg/kg, is as short as 30 minutes.36,163 

Despite the short half-life, 0.5mg/kg administered intravenously has been shown to effectively 

decrease gastric acid output and increase gastric fluid pH for up to four hours.153 Systemic elimination 

of an intravenous dose of omeprazole is unaltered by repeated administration.164 

The longer half-life observed with orally-administered omeprazole is possibly due to the slow rate of 

absorption of the drug,153 36,165  and the short elimination half-life. This pharmacokinetic phenomenon 

is termed the flip-flop effect. This occurs when the rate of absorption following oral administration 
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becomes the determinant of plasma concentrations, rather than the rate of elimination, as ongoing 

absorption of the drug interferes with the calculation of clearance and determination of elimination 

half-life. This is important to note when calculating pharmacokinetic parameters of orally 

administered omeprazole, as parameters such as drug clearance can be miscalculated as a 

consequence.166 

Area under the curve (AUC) of plasma omeprazole concentrations has been demonstrated to be best 

determinant of percent time intragastric pH is <4 in humans167 and dogs,168 and therefore is the 

preferred pharmacokinetic predictor of efficacy.169 Several studies have demonstrated large individual 

variation in AUC and Cmax after the oral administration of omeprazole formulations.164 Plain 

omeprazole, after oral administration, has a bioavailability of 10%, and a lower AUC than enteric-

coated omeprazole.36 However, Cmax
 was not different between plain and enteric-coated formulations 

of omeprazole.36 A large degree of individual variation was observed with bioavailability of the enteric-

coated formulation.36 Repeated daily dosing of omeprazole results in little change in pharmacokinetic 

parameters.32,36 Both AUC and Cmax increase with increasing dose, but at a greater magnitude, 

suggesting that dose linear pharmacokinetics may not be present in the horse. Further studies are 

needed to define this effect.169  

2.11.1.3 Pharmacodynamics 

Pharmacodynamics and treatment efficacy are most commonly demonstrated by increasing 

intragastric pH and decrease in EGUS score. Pharmacodynamic targets for prevention or treatment of 

EGUS and acid suppressive treatment remain ill-defined. In humans, the healing of gastroesophageal 

reflux disease, which is a similar disease process to equine squamous gastric disease (ESGD), is 

achieved when the time pH is >4 exceeds 66%.37 The results of previous studies suggest that increasing 

the intragastric pH so that pH was <4 for no more than 20-50% of time over a 24h period facilitated 

the healing of EGUS,35,129,158,170 and prevention of ESGD has been demonstrated when intragastric pH 

was >4 for 49% of time.171  
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Intravenous administration of omeprazole has been demonstrated to increase intragastric pH.65 

Conversely, plain formulations of orally-administered omeprazole are not effective in increasing 

intragastric pH, 35 which is likely to be directly related to low bioavailability and decreased AUC.36 

Buffered formulations have been demonstrated to increase intragastric pH for 12-13 hours after 

administration.35 There are variable reports of the efficacy of buffered omeprazole formulations 

increasing gastric pH,158 with some reports of % time pH >4 being as high as  49%,158 or as low as 

<20%.129 Efficacy of buffered omeprazole has been demonstrated in naturally-occurring gastric 

ulceration, with a 77% healing rate in 27 days.27 After intramuscular administration of omeprazole 

there was marked individual horse variation in the duration of gastric acid suppression, however, 

efficacy has been demonstrated by improvement and healing of naturally-occurring EGUS.157   

Both mean pH and % time pH >4 have been demonstrated to increase from 49% to 75% with 5 days 

of consecutive dosing at a dose of 4mg/kg.158 A cumulative inhibitory effect on acid secretion after 

repeated daily dosing of omeprazole has been demonstrated to occur in humans, but this effect is 

inconsistently reported in the horse.164 

2.11.1.4 Effect of feeding  

It is commonly recommended that omeprazole is administered two hours prior to feeding, as feeding 

may impact the bioavailability, and efficacy of the omeprazole. However, in some studies there was 

no difference between fasted and fed states on the bioavailability, Cmax, Tmax or AUC of enteric-coated 

or buffered formulations of omeprazole.36,169,172 Conversely, a negative impact of feeding on the 

bioavailability of buffered formulations of omeprazole has been reported.32 The impact of feed on the 

bioavailability of enteric-coated omeprazole is also inconsistent.32,165,172 At the recommended dose 

rate of 4mg/kg, buffered formulations have a greater % time that pH is >4, as well as an in increased 

median pH has been demonstrated in horses fed a high grain, low fibre diet compared with horses fed 

a hay diet.158 This diet effect on pharmacodynamic variables was dependant on the position of the 

probe within the gastric lumen. The impact of feeding and diet on efficacy of naturally-occurring 
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disease has not been explored. Studies investigating the bioavailability of omeprazole and the effect 

of fasting and feeding also demonstrated considerable individual variation,172 and further 

investigation into the potential effects of feeding on the pharmacokinetic and pharmacodynamics of 

different formulations of omeprazole in larger numbers of animals is warranted. The wide variation 

observed in bioavailability suggests that the investigation of population pharmacodynamic modelling 

is warranted.169 

2.11.1.5 Dose 

It is the current recommendation that buffered formulations of omeprazole are administered at 

4mg/kg PO q24h, enteric coated formulations of omeprazole are administered at 1mg/kg PO q24, and 

plain formulations are administered at 4mg/kg PO q24h.  

Buffered formulations of omeprazole are often labelled to be dosed at 4mg/kg, and studies have 

demonstrated increased healing rates at this dose 27. On a hay diet, a dose of 1mg/kg had the same 

effect on % time pH <4 and median pH as a 4mg/kg of a buffered formulation of omeprazole.158 A dose 

of 1mg/kg of a buffered formulation has been demonstrated to be effective at preventing the 

recurrence of EGUS in horse, whereas 0.5mg/kg has been proven to be ineffective.100 However, larger 

doses (4mg/kg) of buffered omeprazole formulations have improved efficacy in healing of EGGD, 

compared with lower doses (1.6mg/kg).11 Small doses of enteric-coated omeprazole formulations 

(1mg/kg and 2mg/kg)  are non-inferior to 4mg/kg for treatment of ESGS.10. Further research is needed 

to confirm appropriate doses of omeprazole in the horse. 

2.11.2 Histamine type 2-receptor antagonists  

Gastric acid secretion is stimulated by histamine as histamine receptor cells are found within the 

parietal cells of the gastric glands.173 Histamine H2 receptor antagonists were the first compounds 

reported for treatment of EGUS.66,174 H2 receptor antagonists are highly selective, and despite the 

presence of histamine type 2 receptors in various body tissues, these compounds have minimal 

physiological effect on any tissues other than parietal cells.174 Ranitidine and cimetidine are H2 
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receptor antagonists, used within both human and veterinary medicine. Both ranitidine and 

cimetidine have lower oral bioavailability in the horse compared with humans.175 Clinical efficacy of 

ranitidine and cimetidine in improving gastric ulceration in naturally-occurring disease is lower in 

comparison to omeprazole.49,50 The short elimination half-life of ranitidine also necessitates dosing 

every 6-8 hours, making these products less convenient when compared with proton pump 

inhibitors.175  

2.11.3 Sucralfate 

Sucralfate is a basic aluminium salt of sulphated sucrose.176 The mechanisms of action of sucralfate 

was initially thought to be formation of a physical barrier to prevent further damage by acidic gastric 

contents, bile and pepsin.176 This protection of the proliferative zone facilitates rapid repair of the 

epithelial surface.177 The physiochemical properties of the drug allow it to bind to the mucosa and 

more selectively to ulcer sites.178 However, sucralfate has a multifactorial mode of action, with the 

ulcer healing properties of sucralfate relating to its local prostaglandin-like actions. Sucralfate 

stimulates mucous production and bicarbonate secretion from mucosa.177 This action helps to restore 

the normal barrier present on the glandular gastric mucosa, protecting mucosal blood flow, and 

preventing further damage.177 Despite this beneficial effect, described in rodent experimental models 

and within human medicine, there is limited evidence to support the use of sucralfate as a 

monotherapy for ESGD or EGGD.  

2.11.4 Prostaglandin analogues  

Prostaglandins have various roles in the maintenance of glandular gastric mucosa, as well as 

stimulation of gastric acid secretion from parietal cells.74  The use of synthetic prostaglandin analogues 

in the treatment of EGUS has been proposed, to increase mucosal blood flow, mucous production and 

bicarbonate secretion and decrease basal acid production. Misoprostol, a synthetic prostaglandin 

analogue, has been demonstrated to increase intragastric pH after oral administration.179 The use of 

prostaglandin analogues was reported to be beneficial in the prevention of NSAID-induced EGGD in a 
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small number of ponies.180 A dose-dependent inhibition of gastric acid secretion has also been 

reported in rodents, dogs and humans.179 Misoprostol has rapid absorption when administered orally, 

and has a short elimination half-life.181 When compared with combined oral omeprazole and 

sucralfate therapy, in a small clinical trial, misoprostol was shown to be superior for both glandular 

lesion improvement and healing.80 Misoprostol is not licensed for use in animals, which may limit 

clinical use. As a synthetic PGE analogue, there are reported side-effects of misoprostol in humans, 

including abortion, which should also be strongly considered when it is used clinically in horses.79  

2.11.5 Non-pharmaceuticals and feed additives  

Treatment of EGUS often requires long-term administration of PPIs, particularly in high performance 

horses where there is an on-going presence of environmental and management-associated risk 

factors. In other species, there are side-effects associated with the long term treatment with PPIs, 

including acute kidney injury and gastric neoplasia.182-184 Although these long-term side-effects have 

not been demonstrated in the horse, these reports have led to the consideration of non-

pharmaceutical treatment for EGUS.  

Treatment with dehydrated inner leaf aloe vera powder, which is reconstituted to a paste by the 

addition of water and administered orally (17.6mg/kg), is inferior to administration of omeprazole for 

the treatment of EGUS.185 In this study, 56% of cases showed some improvement in squamous lesion 

severity following 28 days of treatment with aloe vera.185 However, no control group was included in 

the study, making the improvement demonstrated difficult to interpret.185 Aloe has been 

demonstrated to have some gastric healing and gastric acid inhibition properties in rodent models.186 

However, gastric acid inhibition induced by aloe vera was not as great as that induced by cimetidine.186 

The antiulcer activity of aloe vera in the glandular mucosa is thought to be due to anti-inflammatory, 

cytoprotective and mucus-stimulating effects.187 Aloe vera, in combination with sucralfate, has been 

demonstrated to promote epithelial proliferation and promote gastric ulcer healing, in induced ulcers 

in rodent models.188 
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In a rodent model, polysaccharide fractions have been demonstrated to increase healing rates of 

induce gastric ulcers.189,190 Polysaccharide blends have also been demonstrated to enhance healing of 

gastric ulcers in horses,191 however, these studies are limited by the lack of a control group. A clinical 

efficacy trial demonstrated no treatment effect on the number, severity or EGUS scores after 34 days 

of treatment with a feed supplement containing pectin-lecithin complex.192  

2.12 Treatment in foals  

H2 receptor antagonists (ranitidine) and PPIs (omeprazole and pantoprazole) have been demonstrated 

to be effective in increasing intragastric pH in sick and healthy neonatal foals.39,41,51,112,161 The efficacy 

of acid suppressive therapy in naturally-occurring disease of neonatal foals has not been explored.  

Due to the reported high prevalence of gastric lesions in neonatal foals,19,20,38 the potential for low 

intragastric pH, and concern for potential  fatal consequences of gastric ulceration, neonatal foals in 

ICU settings are frequently administered acid-suppressive medication empirically, without 

confirmation of gastric ulceration.23,39 Gastric acid may be beneficial, providing an important barrier 

against bacterial colonisation of the intestinal tract in foals, as has been described for human infants,40 

and the production of gastric acid has been associated with survival in clinically ill neonatal foals.41 

Administration of  acid-suppressive medications to neonatal foals admitted to the ICU has been 

associated with increased risk of undifferentiated diarrhoea during hospitalisation,42 further 

questioning the practice of empirical administration of these therapeutics. The use of PPIs and other 

gastric acid suppressive therapies as a prophylaxis in children is controversial and largely is not 

recommended.193 In a study investigating the prevalence of EGUS in foals at the time of post-mortem 

examination, there were a greater number of neonates treated with acid-suppressive therapy prior to 

the year 2000, than foals presented for post-mortem examination after the year 2000; however, there 

was no association with the prevalence of EGUS.20 
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2.13 Prevention of EGUS  

2.13.1 Prevention of ESGD 

Prevention of EGUS can be approached in two ways: by decreasing exposure to risk factors and 

changing husbandry or management, or by administration of pharmacological agents.33 

Pharmacological prevention is similar to pharmacological treatment, in that the aim is to decrease 

intragastric pH, thereby limiting exposure of squamous gastric mucosa to low pH. 

Doses of omeprazole less than those used for treatment of EGUS have been demonstrated to be 

effective in the prevention of ESGD in clinical trials where naturally-occurring disease was 

present.27,49,170,171 In these clinical studies, the use of omeprazole beyond 28 days of administration at 

preventative doses (1mg/kg) was not assessed.170,171 It is expected that preventative administration of 

acid suppressive therapy will be required while the horse is at risk of EGUS, such as exposure to 

training stables, high intensity work, and a diet high in soluble carbohydrates.33 While no apparent 

adverse drug reactions were noted, the long-term implications of PPIs used prophylactically or even 

therapeutically is unknown and has not been evaluated in the horse.33 However, despite the large 

number of clinical trials and clinical efficacy studies investigating omeprazole there have been little 

reports of adverse effects related to the administration of omeprazole.33 

2.13.2 Prevention of EGGD 

Due to the paucity of information available regarding the pathogenesis and risk factors associated 

with EGGD, there are no clear guidelines in the prevention of this syndrome. Due to the lack of 

treatment response to conventional doses of omeprazole,10,29 it is unlikely that the same 

recommendations regarding long-term administration of low dose omeprazole will be efficacious in 

the prevention of EGGD. Management strategies such as adding corn oil to the diet may lead to 

increase PGE2 concentration within gastric fluid, which may be beneficial to glandular mucosal 

health.194 The effects of corn oil on EGGD prevalence and prevention has not been explored.  
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Management practices that have been associated with an increased prevalence of EGSD, such as high 

grain diets, intensity of exercise and the amount of time in training, have not been associated with an 

increased prevalence of EGGD.16,45 Hence, different management strategies are required to decrease 

the risk of EGGD development. Management strategies to decrease the risk of EGGD include at least 

3 rest days per week, decrease the frequency of competitions and reducing the number of 

caretakers.16,45,92 
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2.14 Study objectives  

This project will aim to: 

1. Determine the reliability of the EGUC grading system, and to propose a novel visual analogue 

scale for the grading of EGUS, and to estimate the reliability of this grading system     

2. Determine the pharmacodynamics and pharmacokinetics of a novel in-feed preparation of 

enteric-coated omeprazole  

3. Assess the bioavailability of a novel in-feed preparation of enteric-coated omeprazole against 

a commercially-available enteric-coated omeprazole formulation 

4. Determine the gastric pH profile of systemically unwell hospitalised neonatal foals and factors 

that may influence gastric pH 

The expected outcomes of this thesis are that use of a visual analogue scale (VAS) would result in 

superior estimates of reliability compared to the EGUC grading system and experienced observers 

would have greater reliability for grading of gastric lesions than less experienced observers.  It was 

hypothesised that the pharmacodynamic effects of omeprazole, administered orally, would be dose-

dependent, and that bioavailability of the drug would be reduced by in-feed administration of the 

novel product, impacting the bioequivalence of the two omeprazole products. We further 

hypothesised that plasma concentrations of omeprazole, and the effect of treatment on gastric pH, 

would be greater after repeated administration, as described for other oral omeprazole 

preparations.158,164 It was also expected that the intragastric pH of neonatal foals admitted to the ICU 

would be>4 for majority of the recording time, and that predicting prolong periods of pH <4 based on 

presenting clinical or clinicopathological data would be difficult.  
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3.1 Abstract  

Background: Grading of equine gastric ulcer syndrome (EGUS) is undertaken in clinical and research 

settings; but, the reliability of EGUS grading systems is poorly understood.  

Hypothesis/Objectives: To investigate interobserver and intraobserver reliability of an established 

ordinal grading system and a novel visual analogue scale (VAS), and assess the influence of observer 

experience. 

Animals: Sixty de-identified gastroscopy videos from research horses. 

Methods: Six observers (3 specialists, 3 residents) graded the videos using the EGUS Council (EGUC) 

system and a VAS. Observers graded the videos 3 times for each system, using a cross-over design 

with at least 1 week between each study phase. The order of videos was randomised for each phase. 

Methods: Interobserver and intraobserver reliability were estimated by calculation of Gwet’s 

agreement coefficient with ordinal weights applied (AC2) for the EGUC system and the intraclass 

correlation coefficient (ICC) for the VAS.  

 Results: Using the EGUC system, interobserver reliability was substantial for squamous (AC2=0.69, 

95% confidence interval (CI) 0.57-0.80) and glandular mucosa (AC2=0.72; 95% CI, 0.70-0.75), and 

intraobserver reliability was substantial for squamous (AC2=0.80; 95% CI, 0.71-0.90) and glandular 

mucosa (AC2=0.80; 95% CI, 0.74-0.86). Interobserver reliability using the VAS was moderate for 

squamous (ICC=0.64; 95% CI, 0.31-0.96) and poor for glandular mucosa (ICC=0.35; 95% CI, 0.06-0.64), 

and intraobserver reliability was moderate for squamous (ICC=0.74; 95% CI, 0.62-0.86) and glandular 

mucosa (ICC=0.56; 95% CI, 0.39-0.72). 

Conclusions and Clinical Importance: The EGUC system had acceptable intraobserver and 

interobserver reliability and performed well regardless of observer experience. 
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3.2 Introduction 

Equine gastric ulcer syndrome (EGUS) is the most common disorder of the equine stomach.1 Grading 

of EGUS lesions may inform treatment selection, comparison of the efficacy of various treatments and 

the impact of husbandry protocols on ulcer healing.1,4,10,11,26,31 For grading systems to be useful, good 

inter- and intraobserver reliability are required,28 to facilitate comparisons of effects of treatments 

within and between studies, and animal assessment when multiple clinicians are involved in case 

management.  

A simple gastric ulcer lesion grading system based on an ordinal scale (0-4) was described in 1999 by 

the Equine Gastric Ulcer Council (EGUC).4 This grading system can be applied to the squamous and 

glandular mucosa of the equine stomach.1,4 Other grading systems for EGUS have been described, 

including a number/severity system,26 the Practitioner’s Simplified (PS) scoring system,21,26,27 and 

ordinal systems based on ulcer depth and surface area.15,18 The EGUC grading system has higher 

interobserver reliability compared with the number/severity system has been demonstrated,127 and 

currently is recommended for assessment of the squamous mucosa.1 However, there is no consensus 

on or uniformity in the use of the EGUC grading system, and uncertainty exists for glandular mucosa 

assessment.1  

There are limitations of disease assessment when severity varies along a continuum, as is seen in 

EGUS, because ordinal grading systems require strict categorization of disease severity according to 

predetermined criteria or definitions. Visual analogue scales (VAS) are used in complex clinical 

contexts to facilitate assessment of subjective characteristics that cannot be directly measured and 

allow users to integrate multiple variables into a single continuous variable. VAS have been used 

previously for grading of gastrointestinal lesions in humans 195,196 and may provide advantages over an 

ordinal-scale based approach for assessment of gastric ulceration in horses, including collection of 

continuous data, which allows for a greater selection of statistical analysis options.  
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Our aims were to investigate (1) interobserver and intraobserver reliability of the EGUC grading 

system and a novel VAS for assessment of squamous and glandular gastric mucosal lesions, and (2) 

the influence of observer experience on the outcomes for both systems. We hypothesized that use of 

a VAS would result in superior estimates of reliability compared to the EGUC grading system and that 

experienced observers would have higher reliability for grading of gastric lesions than would less-

experienced observers.   

3.3 Materials and Methods 

3.3.1 Horses  

Sixty pre-recorded, de-identified gastroscopy videos, obtained from horses during unrelated research 

projects, were used. For inclusion, visualization of the greater curvature, margo plicatus, lesser 

curvature, glandular mucosa and pyloric antrum was required. Grading of the mucosal appearance 

had previously been undertaken using the EGUC grading system and video selection was performed 

by a single technician who did not participate in the study, in an effort to include an even distribution 

of lesion severity.  

3.3.2 Grading systems  

Two grading systems were used: the EGUC grading system1 and a novel VAS (Figure 3.1). The VAS was 

a 10cm line anchored at both ends with words descriptive of the maximal and minimal extremes of 

the dimension being measured.197 Separate scores were recorded for the squamous and glandular 

mucosa for both systems. 
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Figure 3.1: The visual analogue scoring system for grading the appearance of squamous and glandular gastric mucosa. 

3.3.3 Observers 

Six observers were included: 3 specialists in equine medicine and 3 residents in equine disciplines 

(medicine, surgery and sports medicine). The observers graded the videos 3 times for each system, 

using a cross-over design with at least 1 week between each of the 6 phases of the study. For each 

phase, the order of videos was randomized to avoid pattern recognition that might contribute to 

measurement bias and influence study validity. 

3.3.4 Statistical analysis 

All statistical analyses were performed using Ra Statistical Software (R version 3.6.0 (2019)). For the 

EGUC grading system, intra- and interobserver reliability were assessed using Gewt’s coefficient of 

agreement with ordinal weighting applied (AC2). Interpretation of AC2 was derived from a previously 

proposed system198: ≤ 0.20: poor, 0.21 to 0.40: fair, 0.41 to 0.60: moderate, 0.61 to 0.80: substantial 

and 0.81 to 1: excellent reliability. 

For the VAS, observer reliability was estimated by calculation of the intraclass correlation coefficient 

(ICC) based on a mean rating (k=6), absolute agreement, 2-way mixed effects model and 95% 

confidence interval (CI). The benchmarking of ICC values was adapted from previous studies140,199: < 

0.50: poor, 0.50 to 0.75: moderate, 0.76 to 0.90: good and > 0.9: excellent reliability.  
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For both the squamous and glandular mucosa, interobserver reliability coefficients were calculated 

for each of the 3 phases for each grading system, and the mean and 95% CI were calculated. 

Interobserver reliability was calculated for the 3 experienced observers (Observers 1-3) and the 3 less 

experienced observers (Observers 4-6) and the mean and 95% CI were calculated for observer groups 

across the 3 phases.  

The intraobserver reliability coefficients for the 6 observers were calculated from ratings obtained 

over the 3 phases of the study for each grading system. The mean and 95% CI for the reliability 

coefficients were calculated for all observers, experienced observers and less experienced observers. 

3.4 Results  

3.4.1 EGUS Council grading system 

Interobserver reliability   

Results of the analyses of interobserver reliability of the EGUC system for squamous and glandular 

gastric mucosa are provided in Figure 3.2 and Supplementary Item 3.1. Substantial interobserver 

reliability was found for grading of squamous (mean AC2, 0.69; 95% CI, 0.57-0.80) and glandular 

mucosa (mean AC2, 0.72; 95% CI, 0.70-0.75). Minimal difference was found in interobserver reliability 

of squamous or glandular mucosa over the 3 phases (Figure 3.2). Overall, experience had limited 

influence on interobserver reliability for grading of squamous or glandular mucosa (Figure 3.3, 

Supplementary Item 3.2), but experienced observers had higher reliability (AC2, 0.77; 95% CI, 0.70-

0.83) than did less experienced observers (AC2, 0.62; 95% CI, 0.52-0.72) for glandular mucosal grading 

in Phase 1. Experienced observers demonstrated improvement in interobserver reliability when 

grading squamous mucosa between Phase 1 (AC2, 0.53; 95% CI, 0.41-0.64) and Phase 3 (AC2, 0.74; 

95% CI, 0.66-0.81).  
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Figure 3.2: Results of Gwet's coefficient of agreement with ordinal weighting applied (AC2) for interobserver reliability of 

observers grading squamous and glandular gastric mucosa using the EGUC system on three occasions. 

 

Figure 3.3: Results of Gwet's coefficient of agreement with ordinal weighting (AC2) comparing the interobserver reliability 

of experienced observers (specialists in equine medicine) and inexperienced observers (residents in equine disciplines) 

grading squamous and glandular gastric mucosa using the EGUC system on three occasions. 

Intraobserver reliability 

The estimates of intraobserver reliability of the EGUC system for squamous and glandular mucosa are 

provided in Table 3.1. Overall, substantial intraobserver reliability was found for assessment of both 

the squamous (AC2, 0.80; 95% CI, 0.71-0.90) and glandular mucosa (AC2, 0.80; 95% CI, 0.74-0.86) using 
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the EGUC grading system. Experienced observers had excellent and substantial intraobserver 

reliability for EGUC system grading of squamous (mean AC2, 0.83; 95% CI, 0.75-0.92) and glandular 

gastric mucosa (mean AC2, 0.79; 95% CI, 0.73-0.85), respectively. Less experienced observers 

demonstrated substantial and excellent intraobserver reliability when grading squamous (mean AC2, 

0.77; 95% CI, 0.45-1.0) and glandular mucosa (mean AC2, 0.82; 95% CI, 0.62-1.0), respectively. For 

individual observers, experience had minimal influence on intraobserver reliability: pairwise 

comparisons did not identify differences, with the exception of a lower AC2 result for Observer 5 

compared to Observers 1 and 3 for squamous mucosal grading (Table 3.1). 

Table 3.1: Results of Gwet's coefficient of agreement with ordinal weighting (AC2) for the intraobserver reliability of scoring 

of glandular and squamous gastric mucosa with the EGUC grading system. The mean AC2 has been calculated for the 

intraobserver reliability of experienced observers (specialists in equine medicine) and less experienced observers (residents 

in equine disciplines). 

 Glandular mucosa Squamous mucosa 

 AC2 95% CI AC2 95% CI 

Lower limit Upper limit Lower limit Upper limit 

Experienced 

Observer 1 .76 .66 .87 .83 .74 .92 

Observer 2 .81 .76 .87 .80 .73 .87 

Observer 3 .79 .70 .87 .87 .83 .91 

Mean (n=3) .79 .73 .85 .83 .75 .92 

Less experienced observers 

Observer 4 .89 .85 .93 .83 .78 .88 

Observer 5 .73 .64 .82 .62 .50 .74 

Observer 6 .84 .75 .93 .85 .80 .91 

Mean  (n=3) .82 .62 1 .77 .45 1 

Overall mean 
(n=6) 

.80 .74 .86 .80 .71 .90 
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3.4.2 Visual Analogue Scale  

Interobserver reliability 

The estimates of the interobserver reliability of the VAS for grading squamous and glandular gastric 

mucosa are provided in Figure 3.4 and Supplementary Item 3.3. Overall, the interobserver reliability 

of the VAS was moderate for squamous mucosal grading (mean ICC, 0.64; 95% CI, 0.31-0.96) and poor 

for glandular mucosal grading (mean ICC, 0.35; 95% CI, 0.06-0.64). Interobserver reliability was higher 

for grading of the squamous mucosa than for glandular mucosa in Phase 2 (squamous ICC, 0.64; 95% 

CI, 0.53-0.73; glandular ICC, 0.26; 95% CI, 0.15-0.40) and Phase 3 (squamous ICC, 0.77; 95% CI, 0.69-

0.84; glandular ICC, 0.32; 95% CI, 0.20-0.47), largely due to increasing reliability of squamous mucosal 

grading over time (Figure 3.4 and Supplementary Item 3.3).   

Overall, experience had an effect on the interobserver reliability of the VAS. For both squamous and 

glandular mucosal grading, reliability coefficients for experienced observers were higher than those 

of less experienced observers for all Phases (Figure 3.5 and Supplementary Item 3.4), most notably for 

grading of the glandular mucosa in Phase 2 (Figure 3.5). Both experienced and less-experienced 

observers demonstrated improvement in reliability of grading squamous mucosa using the VAS from 

Phase 1 to Phase 3, whereas, overall, interobserver reliability for grading of the glandular mucosa was 

poor and did not improve, regardless of experience (Figure 3.5).   
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Figure 3.4: Results of the intraclass correlation coefficient (ICC), one way model, for the interobserver reliability of observers 

grading squamous and glandular gastric mucosa using the VAS on three occasions. 

 

Figure 3.5: Results of the intraclass correlation coefficient (ICC), one way model, comparing the interobserver reliability of 

experienced observers (specialists in equine medicine) and inexperienced observers (residents in equine disciplines) grading 

squamous and glandular gastric mucosa using the VAS on three occasions. 

Intraobserver reliability  

The estimates of intraobserver reliability of the VAS for grading of squamous and glandular gastric 

mucosa are provided in Table 3.2. Overall, intraobserver reliability using the VAS system was good and 

moderate for grading of the squamous (mean ICC, 0.74; 95% CI, 0.62-0.86) and glandular mucosa 

(mean ICC, 0.56; 95% CI, 0.39-0.72), respectively. By group, experienced observers had good and 
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moderate intraobserver reliability for VAS grading of squamous (mean ICC, 0.83; 95% CI, 0.55-1.0) and 

glandular mucosa (mean ICC, 0.65; 95% CI, 0.50-0.80), respectively, whereas less-experienced 

observers had moderate reliability when grading squamous mucosa (mean ICC, 0.67; 95% CI, 0.46-

0.86) and poor reliability for glandular mucosal grading (mean AC2, 0.46; 95% CI, 0.00-0.92). Individual 

pair-wise comparisons indicated some differences with experience. For squamous mucosal grading, 

Observers 4 and 6 had lower reliability than did Observers 1-3, whereas for glandular grading, 

Observer 5 had lower reliability than did Observers 1 and 3 and Observer 4 had lower reliability than 

did Observer 3. 

Table 3.2: Results of the intraclass correlation coefficient (ICC), one way model, for the intraobserver reliability of grading 

squamous and glandular mucosa using the novel visual analogue scale. The mean ICC has been calculated for experienced 

observers (specialists in equine medicine) and less experienced observers (residents in equine disciplines). 

 Glandular mucosa Squamous mucosa 

 ICC 95% CI ICC 95% CI 

Lower 
limit 

Upper 
limit 

Lower limit Upper limit 

Experienced   

Observer 1 .68 .53 .79 .75 .64 .83 

Observer 2 .58 .41 .72 .85 .78 .90 

Observer 3  .69 .56 .80 .89 .83 .93 

Mean (n=3) .65 .50 .80 .83 .65 1 

Less experienced observers  

Observer 4 .41 .25 .56 .59 .45 .71 

Observer 5 .31 .15 .48 .75 .65 .83 

Observer 6 .67 .54 .77 .64 .52 .75 

Mean (n=3) .46 0 .92 .67 .46 .86 

Overall mean 
(n=6) 

.56  .39 .72 .74 .62 .86 
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3.5 Discussion 

We comprehensively investigated interobserver and intraobserver reliability of the EGUC system and 

introduced a novel VAS for scoring the endoscopic appearance of the equine stomach. Overall, the 

EGUC system had substantial interobserver and intraobserver reliability for grading of both squamous 

and glandular mucosa, and reliability was minimally influenced by experience. The reliability of the 

VAS was more variable, with poor reliability for grading glandular mucosa, and was influenced by 

observer experience and familiarity with the system.    

In our study, the EGUC system demonstrated substantial interobserver reliability and substantial to 

excellent intraobserver reliability. These results are consistent with the findings of an earlier study in 

which good interobserver agreement of the EGUC system was reported.127 Similarly, ordinal grading 

systems are used for the assessment of lameness, heart murmurs and ataxia in horses, and moderate 

to substantial interobserver and intraobserver reliability and agreement for these systems have been 

reported.133,200-202 Given widespread application of ordinal grading systems in veterinary clinical 

practice and research, determination of intra- and inter-observer agreement and reliability of each 

system is important. Although agreement reflects the extent to which scores, ratings or diagnoses are 

identical, reliability is the ratio of variability between scores or ratings of the same patients to the total 

variability of all scores in the sample and represents the ability of a measurement to differentiate 

between patients.131 Both agreement and reliability are important for development of rating scales 

and conduct of clinical studies, and provide information on the error inherent in measurement, rating 

or diagnosis.131 Although agreement is desirable for binary decisions, such as whether to institute 

treatment or not, our results indicate good ability of observers to distinguish between ulcer severity 

when using the EGUC system, which remains important in clinical and research settings because it 

indicates that this system can be used for comparison among studies and assessment of animal 

responses to treatment and management changes. 
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There was minimal influence of experience on the interobserver or intraobserver reliability of the 

EGUC system. Within the group of less-experienced observers, 2 of the 3 observers had no previous 

experience in using the EGUC grading system. The experienced observers all were specialists in equine 

internal medicine, with extensive clinical and research experience using the EGUC grading system. Our 

findings emphasize that interobserver and intraobserver reliability of the EGUC system is not affected 

when used by observers unfamiliar with the grading system, or by observers experienced using the 

system. Furthermore, interobserver reliability was not different when grading squamous or glandular 

mucosa. Intraobserver reliability was slightly better than interobserver reliability, possibly reflecting 

different interpretation of the EGUC system scale among individuals, but good ability of individual 

observers to repeatedly apply the grading system scale in the same way.  Intraobserver reliability has 

been reported to be higher than interobserver reliability for other ordinal grading systems,200,203,204 

which may reflect consistency in the interpretation or application of the grading system within 

observers, but differences in interpretation of the grading system among observers.205 Differences in 

interpretation of a grading system have been speculated to be affected by clinical experience and 

opinions of the disorder being assessed.204 However, the impact of experience on interobserver or 

intraobserver reliability of the EGUC grading system was minimal in our study.  

In our study, reliability of the EGUC system was estimated using Gwet’s weighted agreement 

coefficient (AC2). In previous studies, Gwet’s AC statistics have been found to provide good estimates 

of intra- and inter-observer reliability for categorical scoring systems in human medicine.149,206,207 

Gwet’s AC1 is a first-order agreement coefficient that is an alternative to the kappa coefficient and 

adjusts the overall probability of agreement for chance agreement.142 Although the AC1 statistic can 

be used for any number of raters, this coefficient is used primarily for nominal data. The second-order 

agreement coefficient, Gwet’s AC2 statistic, is a weighted version of AC1 that adjusts for chance 

agreement and accounts for misclassification errors and non-absolute agreement, and is 

recommended for analyzing ordinal, interval and ratio data.142 Other estimates of reliability, including 

Cohen’s kappa and weighted Cohen’s kappa statistics, have been used to estimate the interobserver 
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and intraobserver reliability of ordinal grading systems. The advantage of Gwet’s AC2 statistic over 

other estimates of agreement, including Cohen’s kappa, is that it is paradox-resistant and expected to 

provide a more accurate estimate of observer reliability because other estimates of agreement often 

are influenced by the number of categories available and the proportion of subjects in each category, 

creating a paradox whereby a low agreement coefficient is calculated despite good reliability.142,149  To 

our knowledge, ours is the first study to use Gwet’s AC2 statistic to assess the reliability of the EGUC 

grading system. The results indicated that reliability was substantial to excellent, within and between 

observers, for rating of both squamous and glandular mucosal lesions using the EGUC system (i.e., 

observers graded lesions similarly but not identically). Although observers may grade lesions similarly, 

differences in the interpretation of the EGUC system remain possible, which is important when 

applying this system to measure treatment efficacy, as has been done previously.10,11,29,30,128 In some 

studies, a differences of 1 grade was considered a treatment effect or improvement10,11,30 but, our 

findings indicate that the intraobserver reliability of the EGUC system is not perfect, requiring 

consideration when assessing responses to treatment. Similarly, consideration of the interobserver 

reliability of the EGUC system is necessary when several clinicians are involved in the assessment of 

treatment responses in an individual animal, because our results suggest that observers grade 

mucosal lesions in a similar but not identical way.  

The severity of gastric lesions in our study varied along a continuum, presenting challenges for 

categorization using the defined grading criteria. Although the use of ordinal scales to assess changes 

is simpler for extreme categories, observer agreement can be more challenging for borderline 

categories198 or for assessment of mild and moderate disease,196 leading to higher variability and 

misclassification errors. Our study introduces the use of a VAS to grade EGUS, in an attempt to provide 

an alternative to the ordinal grading system.  Our study, the inter- and intra-observer reliability of the 

VAS improved with time and there was some influence of observer experience. Because none of the 

observers in our study had previous experience in using the VAS, the differences in reliability between 

the 2 groups is likely more reflective of knowledge and clinical experience than of familiarity with the 
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grading system. The reliability results for the VAS for experienced observers in our study were similar 

to those reported for clinical assessments in human dentistry (0.69-0.92)208 and human medicine 

(0.77-0.91).203 In our study, interobserver reliability of the VAS for grading of the squamous mucosa 

improved over time (Figures 4 and 5), which may reflect conditioning of observers to the VAS and 

increasing familiarity with the system. Previously, consistency among observers using a VAS has been 

improved by consensus meetings203 and by the use of guide points (anchors) adjacent to the scale.195 

Further investigation into the value of training clinicians in the use of VAS, and whether reliability of 

this system is improved with repeated utilization of the system by observers, is warranted. Our results 

suggest that inter- and intra-observer reliability of grading squamous gastric mucosa with the VAS 

could be improved using these techniques. For the VAS, inter- and intra-observer reliability were 

better for grading squamous mucosa that glandular mucosa. These results likely reflect an observer’s 

ability to grade severity of squamous gastric mucosal lesions and difficulties in interpreting glandular 

lesions and application of hierarchical grading systems1. Although we tried to include a broad 

spectrum of squamous and glandular disease in the study, most of the included gastroscopy videos 

featured mild to moderate glandular disease, and very few chronic severe gastric lesions were 

available. The poor inter- and intra-observer reliability featured when using the VAS to grade glandular 

gastric lesions may be compounded by the included observers’ inexperience with using the VAS 

grading system, as well as the complexity of interpreting mild to moderate glandular gastric lesions. 

The poor reliability of the VAS also may be explained by increased categories (continuous scale) when 

compared with the EGUC system. Similarly, in a previous study, the N/S system, which contains a 

higher number of categories, had a poorer reliability when compared with the EGUC.127 The poor 

reliability of by both the VAS and N/S systems in comparison with the EGUC may reflect increased ease 

of reliability with fewer categories. 

Visual analogue scales have been established as valid and reliable in a range of clinical and research 

applications.197 In our study, the novel VAS used was designed as previously recommended197 using a 

10 cm line with words descriptive of the maximal and minimal extremes of the dimension being 
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measured. The 10 cm line was used as a 100-point continuous scale and data were used for estimation 

of observer reliability. Intermediate points were not used in the VAS to avoid false clustering of scores 

around an intermediate point or numbers.197 The use of a VAS results in collection of continuous data, 

permitting a wider range of statistical analysis options and the potential for higher power and 

sensitivity of outcome rankings.208 The location and dispersion of scores might give information on the 

extent to which the observer takes advantage of the length of the scale,195 but this was not evaluated 

in our study.  

The use of benchmarking reliability coefficients allows for practical application and interpretation of 

results. However, the margin of error associated with the reliability coefficient also should be included 

in interpretation of the results.140,142 The estimates of reliability calculated for the EGUC and VAS, by 

the AC2 coefficient and ICC, respectively, cannot be directly compared. As such, 2 different 

benchmarking systems were used to reflect the 2 different statistical methods used to estimate 

reliability in our study. Application of only the reliability coefficient to determine the benchmark often 

leads to an overly optimistic characterization of the extent of reliability.142 In our study, all measures 

of reliability, for both grading systems, had wide CI. The width of CI reflects the variability or precision 

of the calculated estimate,209 and precision is associated with the degree of random error, which is 

minimized by increasing sample size.210 In our study, the small number of observers increased random 

error and resulted in more imprecise estimates of reliability, reflected by the wide 95% CI.209,210 When 

comparing the reliability coefficients, either between observers in intraobserver assessments, or over 

phases in interobserver assessments, the 95% CI overlapped, which reflects uncertainty as to whether 

a true difference existed (e.g. Figure 3). Conversely, a lack of overlap in 95% CI increases the likelihood 

of a true difference in results, such as the improvement in the interobserver reliability of grading 

squamous mucosa with the VAS shown in Figure 4. 

  A limitation of our study was the use of pre-recorded videos, rather than assessment of gastric 

ulceration at the time of gastroscopy. This approach was necessary to ensure appropriate stratification 
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of gastric ulcer lesions and permit repeated evaluation of unchanged lesions. In a study of human 

patients, good agreement between video-recorded and live colonoscopy examinations was found, 

although live assessment was perceived as easier.211 In a previous study, interobserver agreement in 

the evaluation of lameness was higher for examination of live horses, compared to video recordings.201 

To our knowledge, comparison of live and recorded gastroscopic examinations in horses has not been 

performed. Glandular lesions are considered more difficult to grade than squamous lesions, and it has 

been suggested that the number, location and type of lesions be recorded.1 In our study, fewer severe 

glandular lesions were available for inclusion than was the case for squamous lesions, and this 

difference may have influenced the scoring of glandular lesions by either system.  Another limitation 

of our study is that all included observers worked in the same referral hospital, which could have 

influenced the estimates of interobserver reliability.  

3.6 Conclusion 

The EGUC system for grading EGUS lesions has acceptable intraobserver and interobserver reliability 

and performs well regardless of clinician experience. A VAS may offer advantages in ease of use for 

rating of squamous mucosa, but observers should be practiced in the use of this system. Glandular 

lesions in horses may be more difficult to grade than squamous lesions.   
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Supplementary item 3.1: Results of Gwet's coefficient of agreement with ordinal weighting (AC2) for the interobserver 
reliability of observers grading squamous and glandular gastric mucosa using the EGUC system on three occasions 

 Glandular mucosa Squamous mucosa 

 AC2 95% CI AC2 95% CI 

Lower limit Upper limit Lower limit Upper limit 

Phase 1 .71 .66 .76 .64 .56 .72 

Phase 2 .72 .66 .78 .70 .63 .77 

Phase 3 .73 .68 .78 .73 .67 .79 

Mean .72 .70 .75 .69 .57 .80 

 

Supplementary item 3.2: Results of Gwet's coefficient of agreement with ordinal weighting applied (AC2) for interobserver 
reliability of experienced observers (specialists in equine medicine) and inexperienced observers (residents in equine 
disciplines) grading squamous and glandular gastric mucosa using the EGUC system on three occasions. 

 Glandular mucosa Squamous mucosa 

AC2 95% CI AC2 95% CI 

Lower limit Upper limit Lower limit Upper limit 

Experienced observers    

Phase 1 .77 .70 .83 .53 .41 .64 

Phase 2 .72 .64 .80 .69 .60 .78 

Phase 3 .73 .63 .80 .74 .66 .81 

Mean  .74 .67 .80 .65 .38 .93 

Less experienced observers    

Phase 1 .62 .52 .72 .68 .56 .80 

Phase 2 .73 .65 .82 .68 .58 .78 

Phase 3 .64 .54 .74 .72 .64 .81 

Mean .66 .51 .82 .69 .63 .76 
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Supplementary item 3.3: Results of intraclass correlation coefficient (ICC), one way model, for the interobserver reliability 
of observers grading squamous and glandular gastric mucosa using the VAS on three occasions. 

  Glandular mucosa         Squamous mucosa 

 ICC 95% CI ICC 95% CI 

Lower limit          Upper limit Lower limit Upper limit 

Phase 1 .48 .36 .62 .50 .39 .62 

Phase 2 .26 .15 .40 .64 .53 .73 

Phase 3 .32 .20 .47 .77 .69 .84 

Mean  .35 .06 .64 .64 .31 .96 

 

Supplementary item 3.4: Results of the intraclass correlation coefficient (ICC), one way model, for the interobserver 
reliability of experienced (specialists in equine medicine) and inexperienced observers (residents in equine disciplines) 
grading squamous and glandular gastric mucosa using the VAS on three occasions. 

Glandular mucosa Squamous mucosa 

 ICC 95% CI ICC 95% CI 

Lower limit         Upper limit Lower limit Upper limit 

Experienced observers 

Phase 1 .57 .40 .71 .57 .42 .70 

Phase 2 .47 .29 .64 .70 .58 .80 

Phase 3 .41 .23 .59 .80 .72 .90 

Mean .48 .29 .68 .70 .40 .98 

Less experienced observers 

Phase 1 .41 .25 .56 .43 .27 .58 

Phase 2 .06 .00 .23 .56 .42 .69 

Phase 3 .18 .03 .35 .73 .63 .82 

Mean .22 .00 .65 .58 .20 .95 
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4.1 Abstract 

Background: Omeprazole preparations vary in bioavailability in horses. 

Hypothesis/Objectives: To characterise the pharmacokinetics and pharmacodynamics of an existing 

enteric-coated oral omeprazole paste (REF) and a novel, in-feed, enteric-coated dry granule 

preparation (NOV).   

Animals: Twelve Standardbred / Thoroughbred mares free from clinical disease.   

Methods: A prospective, blinded randomised interventional study was conducted in three parts: (1) 

bioavailability study, (2) dose titration study, and (3) comparative clinical pharmacodynamic study, 

each using a blocked crossover design.  In all parts of this study the REF was administered at 1mg/kg 

and the NOV was administered at 2mg/kg.  

Results: Consistent with the larger dose administered, Cmax (median 1032 ng/mL, range 576 to 1766) 

and AUC0-24 (median 63.9 μg/mL*min, range 42.4 to 152.4) were greater following single oral 

administration of NOV than REF (282.7 ng/mL, range 94.8 to 390.2, and 319 23.8 μg/mL*min, range 

8.2 to 42.3, respectively; both P = .004). No differences were observed between products for absolute 

oral bioavailability (NOV 55% range: 15-88, REF 17% range: 10-77; P = .25). Treatment with both 

preparations was associated with reduced gastric squamous ulcer scores and increased pH of gastric 

fluid. Bioequivalence was demonstrated for pharmacodynamic measures with the exception of % time 

pH <4, despite differences in dose rate and subsequent plasma omeprazole concentrations. 

Conclusions and clinical importance: The findings of this study indicate that the NOV product would 

be a suitable alternative to the reference product, and confirm that plasma concentrations of 

omeprazole and omeprazole dose do not predict drug pharmacodynamics in horses. 
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4.2 Introduction 

Equine gastric ulcer syndrome (EGUS) is the most common abnormality of the equine stomach1 and 

has been associated with colic, decreased appetite, failure to thrive and poor performance.15,46,97,98 

Equine squamous gastric disease (ESGD) is the most recognised form of EGUS.  Gastric ulcers in this 

portion of the stomach are likely caused by exposure to organic acids, including hydrochloric acid, 

volatile fatty acids and bile acids.5,11,13 Treatment of ESGD is effected primarily by sustained increase 

in the pH of gastric fluid, thereby limiting the exposure of the squamous mucosa to acidic 

contents.13,21,29-31 

Omeprazole is a substituted benzimidazole that is effective for the suppression of gastric acid 

secretion in horses by inhibition of the H+/K+ ATPase enzyme system at the secretory surface of gastric 

parietal cells.27,32 This effect of omeprazole is dose related and leads to inhibition of both basal and 

stimulated acid secretion.27,32  

Plasma concentrations of omeprazole can vary considerably and be unpredictable after oral 

administration.32,169 Although the drug has a short elimination half-life, absorption after oral 

administration might be protracted, and absorption, rather than clearance, is the major determinant 

of drug concentration.36 Omeprazole is acid labile and bioavailability of the drug is improved by 

administration of buffered formulations or by enteric coating,36 and by withholding feed prior to 

administraion.32,172  To date, enteric-coated preparation of omeprazole for administration to horses 

are suspensions of granules administered in a paste. Although omeprazole is cleared rapidly from 

plasma secretion of gastric acid is reduced until resynthesis of H+ pumps in the parietal cell membranes 

occurs. Plasma omeprazole concentration, therefore, does not necessarily predict gastric pH, and 

further studies are required to characterise the pharmacokinetic (PK) and pharmacodynamic (PD) 

effects of omeprazole in horses.  

 The objectives of this study were to further characterise the PK and PD of omeprazole in horses by 

comparative studies of an existing enteric-coated oral paste preparation and a novel, in-feed, enteric-
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coated dry granule preparation. We hypothesised that the PD effects of omeprazole, administered 

orally, would be dose-dependent, and that bioavailability of the drug would be reduced by in-feed 

administration of the novel product, impacting the bioequivalence of the two omeprazole products. 

We further hypothesised that plasma concentrations of omeprazole, and the effect of treatment on 

gastric pH, would be greater after repeated administration, as described for other oral omeprazole 

preparations.158,164  

4.3 Methods and Materials  

4.3.1 Subjects  

Horses used in this study were Standardbred and Thoroughbred mares (Supplementary Item 1) from 

the Charles Sturt University teaching herd. All horses were free from clinical disease, based on 

physical, haematological and blood biochemical examinations, and had not been administered any 

medications within four weeks of the start of the study. Throughout the study, feed was withheld from 

horses for 10 hours prior to the administration of the assigned product, and medication was dosed 

according to body weight. Horses were weighed within 24 hours of the first day of treatment in each 

part of the study, and every seven days when stabled, using calibrated scales. Horses were 

accommodated in stables during each study. Physical examination was performed daily, and fecal 

output, food and water consumption were monitored twice daily for all horses when stabled. Horses 

were maintained at pasture when not stabled for withholding of feed acclimatisation/washout or 

treatment. 

4.3.2 Administration of medication 

Three omeprazole products were used in the study; an omeprazole preparation for intravenous 

administration (Omeprazole Sandoz i.v. 40 mg; Sandoz Pty Ltd Macquarie Park, Australia), an existing 

enteric-coated oral paste reference (REF) preparation (Gastrozol Daily Oral Paste for Horses; 50mg/ml: 

Virbac Australia Pty Ltd, Milperra, Australia) and a novel (NOV), in-feed, enteric-coated dry granule 

preparation (Equestra Omeprazole Granules: 250mg/g: Equestra 111 Hume Street, Wodonga VIC). 
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Omeprazole was administered intravenously into the jugular vein using a 21G, 38mm needle to ensure 

that the full dose was administered; blood samples after intravenous administration of drug were 

collected, as described below, from catheters placed in the contralateral jugular vein. The commercial 

omeprazole paste (REF) was administered by placing the dosing syringe into the mouth through the 

lateral commissure of the lips, ensuring the entire dose was delivered and retained within the mouth. 

The assigned dose of the novel omeprazole product (NOV) was offered for free choice consumption 

in 20.0 g of bran. The calculated dose of omeprazole granules, and bran feed, were weighed using 

scientific scales, and omeprazole granules were mixed by hand to ensure even distribution of granules. 

Consumption of the entire dose was documented by the research assistant administering the 

medication, and the time taken to consume the entire dose was recorded.   

4.3.3  Study design  

The study was conducted as a prospective, randomised, interventional study in three parts 

(Supplementary  Item 4.1): (1) a bioavailability study comparing oral absorption of both products, (2) 

a dose titration study following administration of NOV at two dose rates, and (3) a bioequivalence and 

comparative pharamcodynamic study. All parts of this study had approval from the animal care and 

ethics committee at Charles Sturt University:  Part 1, Approval number A17074; Part 2, Approval 

number A17043; Part 3, Approval number A17076).  

4.3.3.1 Part 1: Bioavailability study.   

The bioavailability study included nine horses and was conducted as a three sequence, three period 

Latin square design, with horses randomly assigned to each sequence. Three horses were randomly 

allocated (by ballot) to each of the three treatment sequences, prior to period 1. Plasma 

concentrations of omeprazole were determined after administration of a single oral dose of REF (1 

mg/kg) or NOV (2 mg/kg), in comparison with the intravenous administration of omeprazole (0.5 

mg/kg). Venous blood samples were collected from jugular catheters into heparinised vacutainers for 

determination of plasma omeprazole concentrations, prior to treatment and at 1, 5, 10, 15, 30, 45, 60, 

75, 90, 105, 120, 150 minutes and 3, 4, 5, 6, 8, 12, and 24 hours after administration of omeprazole. 
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Samples were placed on ice, and the plasma was separated within 2 hours of collection and stored at 

-20oC prior to analysis. There was at least a 5 day wash out between each period. 

4.3.3.2 Part 2: Dose titration study.  

The dose titration study included eight horses and was conducted as a blinded, randomised, blocked, 

two treatment (NOV 2 mg/kg or 4 mg/kg, in 20 g of bran), two period cross-over study. Initial 

gastroscopy and 24 hours gastric pH determination were performed in untreated horses. Horses were 

blocked into two groups of four, with two horses in each block randomly assigned (by ballot) to receive 

NOV 2 mg/kg in 20 g of bran, and two horses to receive NOV 4 mg/kg in 20 g of bran. Horses were 

then housed in a paddock for 8 to 14 days prior to commencement of treatment period 1. After being 

returned to the paddock for a 13 day washout, each horse received the alternative dose in treatment 

period 2. Gastroscopy and 24 hour gastric pH determination were performed after administration of 

the assigned single oral omeprazole dose in treatment period 1 and 2.   

4.3.3.3 Part 3: Bioequivalence and effect on gastric squamous ulcer scores.  

Bioequivalence was assessed in twelve horses in a blinded, randomised, two treatment (REF 1 mg/kg 

PO q24h for 7 days, NOV 2 mg/kg PO q24h for 7 days), two period, two sequence trial with sequential 

cross over. Horses were blocked into groups of four, with two horses in each block randomly allocated 

(by ballot) to NOV treatment, and two horses allocated to REF treatment.  

All horses underwent a 14 day acclimatisation period prior to administration of medication and a 14 

day washout period between treatment periods. Gastroscopy and 24 hour measurement of intra-

gastric pH was performed in untreated horses on day 7 of the acclimatisation and wash-out periods. 

Pharmacokinetic data were assessed by determination of plasma concentrations of omeprazole from 

samples collected prior to treatment and 15, 30, 45, 60, 75, 90 and 120 minutes and 3, 4, 5, 6, 7, 8, 12 

and 24 hours on day 0, after administration of the first allocated treatment, and on day 5, after 

administration of the penultimate treatment. Pharmacodynamic data and treatment efficacy were 

assessed by determination of gastric squamous ulcer scores and 24 hour gastric pH on treatment days 
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1 and 6, after administration of treatment. Sampling for PK and PD analysis was performed on separate 

days because gastroscopy and nasogastric (NGT) placement required sedation, and this was 

considered likely to affect gastric emptying or drug metabolism. Horses were treated as previously 

described, except that horses receiving REF were also fed 20.0 g of bran immediately after treatment, 

to ensure consistency between the treatment of horses with the two omeprazole preparations.       

4.3.4 Gastroscopy and gastric fluid pH determination 

Horses underwent gastroscopy prior to the administration of treatment in Part 2 and Part 3. Prior to 

the procedure, horses were stabled and feed was withheld for a minimum of 10 hours and were 

sedated by intravenous administration of 200 mg xylazine (Xylazil-100 TROY Laboratories PTY LTD, 

Glendenning, NSW Australia) and 10 mg acepromazine (Acepril-10 TROY Laboratories PTY LTD, 

Glendenning, NSW Australia ). When gastroscopy was performed prior to the administration of 

omeprazole medication was administered 60-120 minutes following sedation. Endoscopy was 

performed using a 3 metre endoscope (Olympus Medical Systems Corporation, Tokyo, Japan). 

Visualisation of the mucosa was optimised by insufflation with air until gastric rugae were absent. 

Mucosa was rinsed of adherent food material with water flushed through the endoscope biopsy 

channel. Squamous ulceration was assessed using a published grading scale128,129 by an observer 

blinded to treatment (SLR). Gastroscopic examinations were identified using a unique four digit 

random number, and each examination was video recorded for blinded, de-identified analysis, if 

required.  

Continuous gastric pH determination was performed for 24 hours as previously described129 using a 

modified antimony pH electrode (Synectics customised multi-use 1 channel antimony pH electrode, 

external reference; diameter 2.1 mm, length 300cm; product number MMS810100; MD Solutions Pty 

Ltd, Williamstown North, Vic, Australia) coupled to a data logger (Orion II Ambulatory pH Recorder, 

Medial Measurement Systems (MMS), MD Solutions Pty Ltd, Williamstown North, Vic, Australia). The 

probe was placed within an indwelling NGT (Mila Veterinary Enteral Feeding Tube, 18 French x 250 
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cm; product number NG18100, Mila International, Erlanger, Kentucky, USA) which was placed via 

endoscopic guidance, as previously described.129 Probe placement within the gastric fluid was 

confirmed prior to endoscope removal, and the tube was sutured to the external nares. Gastric pH 

was recorded by the data logger at one second intervals. The NGT and pH probes were removed after 

24 hours of recording time and data were imported from the data logger onto a personal computer 

using commercially available software (Medical Management Systems database software; Version 9.5, 

February 23, 2017; http://ww.mmsinternational.com/) and graphs of pH over time, including periods 

of pH <4 were created to visually assess pH profiles. The mean pH and % time pH <4 were calculated 

using Microsoft Excel® (Microsoft Office Professional Plus 2013, 15.0.5215.1000) after excluding pH 

readings < .8 or >10 from analysis, as these results corresponded to loss of contact with gastric fluid 

on inspection of traces. Probes that were damaged or displaced within 12 hours of placement were 

replaced. Unless damaged during recording or removal, probe accuracy was verified at the time of 

removal by placing the probe in calibration fluids of pH 7, 4 and 1 and results were discarded if not 

within 0.5 units of the pH standard and/or verified by ex vivo determination of pH of aspirated fluid, 

as described below.  

Gastric fluid was aspirated endoscopically prior to placement of the pH electrode and upon removal 

of the electrode. When possible, gastric fluid was aspirated via the indwelling NGT every 60-120 

minutes for 16 hours following NGT placement. Fluid was placed immediately into 50mL 

polypropylene containers and stored at room temperature for pH determination (220 Portable pH/mV 

Meter; Instrument Choice, trading as Synotronics Pty Ltd, Regency Park, South Australia, 5942) within 

two hours of collection. The pH meter was calibrated and verified against standard solution of pH 7, 4 

and 1 prior to sample analysis, with verification repeated after every 5 to 6 samples to ensure pH 

readings were within ±0.1 of expected pH for each standard solution. Assessment of gastric pH was 

based on data from both the probe and the aspirated gastric fluid sampled, with the lowest recorded 

value used for analysis.  
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4.3.5 Plasma omeprazole analysis  

Omeprazole concentrations in plasma were determined by ultra-high performance liquid 

chromatography tandem mass spectrometry (UPLC-MS/MS) based on assays previously described.129 

In brief, analysis was performed using a Waters Acquity® H-class UPLC system (Waters Corporation, 

Milford, MA) coupled to a Waters Xevo® triple quadrupole mass spectrometer (Waters Corporation, 

Milford, MA), and Aquity BEH C18 UPLC column (Waters Corporation, Milford, MA; 2.1 × 100 mm × 

1.7 μm). The UPLC was operated with a mobile phase consisting of 0.1% (v/v) formic acid (Solvent A) 

and acetonitrile (Solvent B). Analysis were undertaken using multiple reaction monitoring (MRM) in 

positive electrospray ionisation mode. Assay performance was assessed by determining accuracy and 

precision using standards (each n=6) at low (10 ng/mL), moderate (300 ng/mL) and high 1500 (ng/mL) 

concentrations. Linearity was estimated in triplicate using calibration standards containing 0, 2, 10, 

50, 200, 1000 and 5000 ng/mL omeprazole in equine plasma with 20 ng D3-omeprazole added to a 

100 µL aliquot of each standard. Standards were processed and analysed, as described above, on each 

of three different days. Lower Limit of Quantification (LLoQ) and Method Detection Limit (MDL) were 

determined by the signal to noise (S/N) ratio of a 0.2 ng/mL standard with LLoQ determined at S/N = 

10 and MDL at S/N = 3. Matrix suppression was determined using drug-free equine plasma which was 

precipitated with four volumes of methanol/acetone (1:1). In a separate set of vials, omeprazole 

standard at moderate (n=4) and high (n=4) concentrations was added and the solvent was evaporated. 

These omeprazole standards were reconstituted with either 60% acetonitrile or with plasma-derived 

matrix in 60% acetonitrile prior to UHPLC-MS/MS analysis to determine the level of ion suppression 

produced by the plasma matrix by comparison ion counts. Dilution integrity was determined using a 

standard sample at the upper limit of quantitation (5000 ng/mL) in plasma diluted by a factor of two 

using drug-free plasma (n=6) and also by a factor of four (n=6). The diluted samples were analysed for 

omeprazole, and accuracy and precision were determined to assess dilution integrity. 

The absence of analyte response in drug-free plasma (F Selectivity) was assessed using drug-free 

plasma obtained from six different equine subjects, extracted and analysed for peak area 
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corresponding to omeprazole and D3-omeprazole. Carry over was determined after an initial injection 

of 5000 ng/mL omeprazole, followed by two blank injections (methanol alone). 

4.3.6 Pharmacokinetics 

Absolute bioavailability (Fabs) was calculated according to the formula 

𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎 =
AUCPO . DIV

AUCIV . DPO
 x 100 

where area under the curve (AUC0-t) is the area under the plasma drug concentration-time (0-24 hours) 

curve and D is the dose administered. The relative bioavailability of both oral omeprazole products 

was calculated on results from bioavailability and bioequivalence studies, as previously described128, 

normalised for the different doses (REF 1 mg/kg, NOV 2 mg/kg) and assuming that drug clearance was 

equal for both preparations. Maximum plasma omeprazole concentration (Cmax) and time to Cmax (Tmax) 

were determined directly from data. Area under the curve (AUC0-t) and area under the first moment 

curve (AUMC0-∞) were calculated using the linear trapezoidal rule, and the terminal elimination rate 

constant (λz) was calculated from the terminal phase of the log-linear drug-concentration time curve 

using PK Solver212 ensuring at least five data points were included. Remaining PK parameters, including 

terminal volume of distribution (Vz), initial volume of distribution (Vd), steady state volume of 

distribution (Vss), half-life (t1/2), clearance (Cl) and mean residence time (MRT) were calculated using 

accepted methods (Supplementary Item 4.2).  

4.3.7 Statistical analyses 

Sample size calculations, based on previous results,129 indicated that eight horses would discriminate 

a difference in gastric pH of 1.4 with power of .8 and α of .05, assuming a standard deviation of 1. Data 

were tested for normality using the Shapiro Wilk test and for outliers using Grubb’s method. Outliers 

were retained in reporting descriptive data and in comparative analyses. Pharmacokinetic parameters 

were compared by Wilcoxon matched-pairs signed rank test. Log gastric pH was assessed by restricted 

maximum likelihood mixed-effects model with time and treatment as fixed factors, and horse as a 
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random factor, with post-hoc testing by Tukey method. Model assumptions (checked prior to 

analyses) were that residuals were normally distributed, had constant variance and were 

independent. Summary statistics (initial pH, % time pH <4 and AUC pH-time) were evaluated by one-

way repeated measures ANOVA, or ANOVA on ranks using the Friedman test for non-parametric data, 

with post-hoc pairwise comparisons by Tukey or Dunn’s test, respectively. Significance was set at P ≤ 

.05. All analyses were performed using GraphPad Prism (GraphPad Prism version 7.00 for Windows, 

GraphPad Software, La Jolla California USA, www.graphpad.com) and R statistical software (R version 

3.6.0, The R Foundation for Statistical Computing, Vienna, Austria, https://www.R-project.org/). 

The equivalence of PD effects was assessed using log-transformed results from Parts 1 and 3 after first 

excluding the possibility of carry-over effects due to period or sequence by restricted maximum 

likelihood linear mixed model (response ~ mean + drug + period + sequence + horse) with horse as a 

random term and all other terms as fixed factors after testing model assumptions (normal distribution 

of residuals, constant variance and independence). Equivalence of factor level variances was assessed 

using the Brown-Forsyth test. The confidence of the null hypothesis was calculated using the tost 

function in the equivalence package in R and expressed as the mean difference of the two drugs and 

the standard error of these differences for α = .05 and ε = 1. Bioequivalence was demonstrated when 

the back-transformed 90% confidence interval for the ratio of the two treatment means was 

contained with the limits .8 – 1.25.   

4.4  Results 

All animals completed each phase of the trial, and no adverse effects attributable to treatment were 

identified. The granule preparation (NOV) was well tolerated, with the entire dose consumed within 

2 to 5 minutes, except on days when horses had been sedated for gastroscopy and NGT placement. 

No adverse responses were evident after administration of the registered oral paste (REF) or 

intravenous administration of omeprazole.  
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4.4.1 Omeprazole assay performance 

The assay met acceptance criteria for performance (Supplementary Item 4.3), with intra- and inter-

day precision relative standard deviation (RSD) <15% for high (4.5% and 1.7%, respectively) and 

medium (10.5% and 0.8%, respectively) concentration standards. Accuracy ranged from 92-95% and 

92-95% of expected values respectively for high and medium concentration standards. Linearity 

(r2>0.9998) was demonstrated over the calibration curve range from 0-5000 ng/mL, and LLoQ and 

MDL were determined at 0.04 ng/mL and 0.012 ng/mL, respectively. All other assay performance 

measures were within acceptable limits and are presented in Supplementary Item 4.5. 

 

Figure 4.1: Plasma omeprazole concentration following intravenous administration of omeprazole (0.5 mg/kg) and oral 
administration of a commercially available omeprazole product (REF, 1 mg/kg) and a novel in-feed omeprazole product (NOV, 
2 mg/kg), following single (Day 0) (on the left) and repeated (Day 5) administration of NOV and REF (on the right). Results 
are shown as mean and 95% confidence interval. 

4.4.2 Part 1: Bioavailability study.  

Plasma concentrations of omeprazole after the single administration of NOV and REF, and after 

intravenous administration, are shown in Figure 4.1, and PK parameters are provided in supporting 

information (Supplementary Item 4.4). Consistent with the higher dose rate administered, Cmax 

(median 1032 ng/mL, range 576 to 1766) and AUC0-24 (median 63.9 µg/mL*min, range 42.4 to 152.4) 

were higher following single dose oral administration of NOV than REF (282.7 ng/mL, range 94.8 to 

390.2, and 23.8 µg/mL*min, range 8.2 to 42.3, respectively; both P = .004). The time at which maximal 

plasma concentration occurred ranged from 15-45 minutes following administration of NOV, and from 

30-90 minutes for REF. There was a difference in Tmax (P = .05) between the two treatments. The 
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terminal slope was calculated based on log-transformed plasma concentrations from 180 to 480 

minutes post-treatment for both oral products, and from 90 to 360 or 480 minutes following IV 

treatment. In comparison to REF, the elimination rate constant (λz) was greater (P = .04) for NOV and 

the MRT was less for NOV (P = .01). The median absolute bioavailability of NOV (55%, range: 15 – 88) 

was not different to that of REF (17%, range: 10 – 77; P = .25). The median relative bioavailability (FREF 

/ FNOV) was 81% (range: 11 – 146).  

4.4.3 Part 2: Dose Titration 

Treatment with NOV at both dose rates was associated with increased gastric pH in the 24 hours after 

a single treatment (P < .05) (Figure 4.2) and a lower % time pH <4 (P = .04) (Figure 4.3). There was no 

difference in gastric fluid pH between groups treated with 2 mg/kg or 4 mg/kg omeprazole (Figures 

4.2 and 4.3).  

 

Figure 4.2: Gastric pH in untreated horses (baseline, dashed line), and following administration of omeprazole granules (NOV) 

at 2 mg/kg (green) and 4 mg/kg (red). Data are shown as mean and SEM. Time had an effect on gastric pH (P = .003), while 

there was no difference between treatments (P = .12) or an interaction between time and treatment (P = .46). Within each 

treatment, differences in comparison to pre-treatment values are shown (**, P = .005; *P < .05). Results from untreated 

horses were not different at any time point. Values obtained between 0.100 and 0.600 hours (shaded grey) were derived from 

gastric pH probe only (not compared with results from aspirated gastric fluid), and were excluded from statistical 

comparisons. Horses were treated at 0.800 hours and fed at 10.00 and 18.00 hours (arrows). 
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Figure 4.3: Effects of treatment with omeprazole granules (NOV) at 2 mg/kg (green) and 4 mg/kg (red), compared with results 

from untreated horses (baseline, white) on gastric pH at 08.00 (24 hours following treatment) (a), percentage of time pH < 4 

(b), and mean pH of gastric fluid (c). Results of Kruskal-Wallis test are shown; differences in post-hoc comparisons were not 

significant. Data are shown as median (horizontal line) and quartile (box) with whiskers determined by the Tukey method. 

4.4.4 Part 3: Bioequivalence effect on gastric ulcer score  

4.4.4.1 Gastroscopy and gastric fluid pH 

In untreated horses, the mean pH of gastric fluid was <4 for the majority of the 24 hour sampling 

period (Supplementary item 4.5). A transient, post-prandial increase in gastric pH was observed after 

feeding.  

 Repeated daily oral administration of NOV (2 mg/kg) and REF (1 mg/kg) elicited similar effects on pH 

of gastric fluid in the 24 hours following treatment on Day 1 and Day 6 (Figure 4.4), and was associated 

with increased area under the time-pH curve, increased pH of gastric fluid 24 hours after treatment, 

and decreased % time pH <4 (Figure 4.5). Differences were not observed between NOV and REF on 

Day 1 (second daily treatment) or Day 6 (seventh daily treatment), and there was no increase in pH of 

gastric fluid associated with repeated administration of either product. Bioequivalence results for PD 

variables are provided in Table 4.1. Bioequivalence was demonstrated for all PD measures with the 

exception of % time pH <4. 

Repeated daily administration of both NOV and REF was associated with a lower gastric squamous 

ulcer score on Day 6 when compared with results obtained on Day 1 and with results from untreated 

horses during the acclimatisation phase (Figure 4.6). There was no difference in scores between 

treatments. Squamous lesions most commonly involved the lesser curvature. Ulceration of the 

glandular mucosa was not assessed.  
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Table 4.1: Results of bioequivalence evaluation of pharmacokinetic (PK) and pharmacodynamic (PD) outcome variables for 

a commercially available omeprazole product (REF, 1 mg/kg) and a novel in-feed omeprazole product (NOV, 2 mg/kg). 

Parameter Mean 
difference 

(log 
transformed) 

Standard error 
of differences 

 

P value 

 

Outcome 

Pharmacokinetic parameters (Day 5 )  

T½ (min)* .05 .12 < .001 Bioequivalent 

Tmax (min) .1 .10 < .001 Bioequivalent 

Cmax (ng/mL) 1.02 .26 .53 NOV > REF‡ 

AUC0-t (µg/ml*min) .78 .28 .20 NOV > REF‡ 

AUC0-∞ (µg/ml*min) .78 .28 .19 NOV > REF‡ 

AUMC0-∞ 

(µg/ml*min2) 
.61 .25 .06 NOV > REF‡         

MRT0-∞ (h) .17 .08 < .001 Bioequivalent 

Vz (L/kg) .13 .37 .01 Bioequivalent 

Cl  (mL/kg/min) .08 .28 .001 Bioequivalent 

Pharmacodynamic parameters (Day 1)  

AUCpH – time .08 .08 < .001 Bioequivalent 

Initial pH (preTx) .34 .16 .001 Bioequivalent 

Mean pH .03 .08 < .001 Bioequivalent 

% time pH <4 (24h) .2 .52 .07 NOV > REF 

% time pH <4 (12h) .81 .55 .35 REF > NOV 

Pharmacodynamic parameters (Day 6) 

AUCpH – time  .01 .08 < .001 Bioequivalent 

Initial pH (preTx)† .02 .17 < .001 Bioequivalent 

Mean pH† .02 .07 < .001 Bioequivalent 

% time pH <4 (24h) .07 .43 .01 Bioequivalent 

% time pH <4 (12h) .45 .26 .06 REF > NOV 
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Figure 4.4: Gastric pH in treated horses on Day 1 (top) and Day 6 (bottom) following daily oral administration of a novel 

granule formulation (NOV,  2 mg/kg, blue), and a registered oral paste formulation (REF, 1 mg/kg, red). A time effect was 

observed on both days (P < .001), with differences in comparison to the initial sample (< 8am) shown for each treatment (**P 

= .005; *P < .05). There was no effect of treatment (P =.66, Day 1; P =.22, Day 6) or interaction effect on Day 6 (P = .98). The 

interaction term (time*treatment) was significant on Day 1 (P = .01); however, differences in pairwise comparisons were not 

present at any time point. Data are shown as mean and SEM. Values obtained between 0.100 and 0.600 hours (shaded grey) 

were derived from gastric pH probe only (pH determination on aspirated gastric fluid did not occur during his time), and were 

excluded from statistical comparisons. Horses were treated at 0.800 hours and fed at 10.00 and 18.00 hours (arrows). 
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Figure 4.5: Effects of treatment with omeprazole granules (NOV) at 2 mg/kg (blue) and omeprazole paste (REF) at 1 mg/kg 

(red), compared with results from untreated horses during acclimatisation and washout phases on gastric pH at 08.00 (24 

hours following treatment) (a), percentage of time pH <4 (b), and area under the time-pH curve (c). Treatment effects were 

observed for each variable; results with differing subscripts are different (P < .05). Data are shown as median (horizontal 

line) and quartile (box) with whiskers. 

 

Figure 4.6: Gastric squamous ulcer scores during treatment. Analysis of variance on ranks (Friedman test) demonstrated a 

treatment effect, with scores on Day 6 lower than on Day 1 following treatment with both granules (NOV, 2 mg/kg, P = 

.001) and paste (REF, 1 mg/kg, P = .02) formulations. Post-hoc testing (Dunn’s method) demonstrated a reduction in gastric 

squamous ulcer score on Day 6 in comparison with values determined in week 1 (acclimatisation, **) following treatment 

with both NOV (P = .004) and REF (P = .007). Results are shown as median (horizontal line), interquartile range (box) and 

range (whiskers), with all data points shown. 

4.4.4.2 Plasma concentration of omeprazole 

Plasma concentrations of omeprazole after single (Day 0) and repeated (Day 5) daily administration of 

NOV and REF are shown in Figure 4.1, and PK parameters are provided in supporting information 

(Supplementary Item 4.4). Both oral products demonstrated similar plasma concentrations in Parts 1 
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and 3, characterised by rapid absorption and elimination. The median Cmax on Day 5, after repeated 

daily administration of NOV, was 891.7 ng/mL (range: 88.7-1351) and was greater than that observed 

for REF (median 309.1 ng/mL, range: 93.5 - 384.4, P = .001, Figure 4.1). There was no difference in Cmax 

on Day 0. As in Part 1, the AUC0-24 was higher after a single administration of NOV (median 67.5 

µg/mL*min, range 21.2-84.3) than REF (median 25.9 µg/mL*min, range 15.9-36.9), on Day 0 (P = .002). 

Area under the plasma concentration-time curve was also higher after repeated daily oral 

administration of NOV (median 62.9 µg/mL*min, range 6-101.7) than REF (median 24.8 µg/mL* min, 

range 9.6-44.5) on Day 5 (P = .002). The time at which maximal plasma concentration occurred ranged 

from 15-60 minutes following administration of NOV, and from 30-90 minutes for REF. There was no 

difference between treatments for Tmax on Day 0 or Day 5.  

The terminal slope was calculated based on log-transformed plasma concentrations from 180 to 480 

minutes after treatment for both oral products. In comparison to NOV, the elimination rate constant 

(λz) was greater (P = .04) for REF on Day 0, but there was no difference on Day 5. There was no 

difference in MRT on Day 0, however MRT was less for NOV (P = .03) on Day 5. The median relative 

bioavailability (FREF / FNOV) was 0.19 (range: .08-1.71). REF had increased clearance (P = .002), terminal 

volume of distribution (P = .009) and elimination half-life (P = .04) when compared with NOV on Day 

0, but not on Day 5.  Other PK parameters did not differ between oral products (Supplementary Item 

4.4). 

4.5 Discussion 

The novel enteric-coated omeprazole in-feed preparation used in this study was readily consumed by 

unsedated horses, and our results indicate that it would be a suitable alternative to the reference 

product, particularly for horses refractory to the administration of oral paste. There are several 

conflicting reports on the impact of feeding on bioavailability and efficacy of omeprazole,20 and some 

authors have recommended that the drug be administered before feeding.32,158 The consumption of a 

small amount of food during drug administration did not adversely affect drug absorption in the 
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current study, as bioavailability was similar for both NOV (administered with a small feed) and REF 

(administered without feed). This study did not explore the effects of larger volumes of feed on the 

bioavailability of omeprazole.  

In the current study, the PK parameters for omeprazole were similar to results of previous studies in 

horses.10,29,30,36,128 As observed in other species,213,214 absorption after oral administration was rapid, 

with Tmax observed within 60 minutes of ingestion for both NOV and REF products. Plasma 

concentrations were greater for NOV than REF, consistent with the higher dose administered. Dose 

rate, product formulation and feeding practices might affect the bioavailability of orally administered 

omeprazole.29,158 A higher dose rate was selected for NOV due to concerns that the granule 

preparation might be difficult for horses to consume in entirety and that the small amount of feed 

administered concurrently might reduce bioavailability. The mean bioavailability of NOV was 

approximately 50%, and higher than REF (approximately 30%) in the majority of horses. Oral 

bioavailability might increase during repeated administration,215 as inhibition of gastric acid secretion 

is likely to decrease drug degradation after oral administration. Although absolute bioavailability after 

repeated administration was not determined in the current study, plasma concentrations of 

omeprazole after daily administration for six days (Day 5) in Part 3 were not increased relative to Day 

0, suggesting that bioavailability was similar on both occasions. These observations suggest that the 

enteric coating used in both products successfully protected the drug from degradation in acidic 

gastric fluid, but differences in drug absorption attributable to product formulation were not assessed 

in the current study.  

In our study, omeprazole was rapidly eliminated (mean elimination half-life of approximately 60 

minutes) after administration of both oral preparations, as has been described previously.36,153 

213,214,216 Omeprazole might display concentration-dependent elimination kinetics,215 but differences 

were not consistently observed between NOV and REF, despite the disparate dose rates administered 

and the greater plasma concentrations observed for NOV. As has been previously reported after IV 
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administration,153 there was no evidence of drug accumulation with repeated oral administration in 

the current study.  

Despite differences in dose rate, both products demonstrated similar beneficial effects on gastric pH 

and healing of gastric squamous ulcers. The feeding protocol used in the current study was identical 

to that used previously by this group,129 and was associated with a low pH in the acclimatisation and 

washout periods, such that pH was <4 for approximately 60% of the 24 hour period in untreated 

horses. Despite rapid clearance of plasma omeprazole concentrations, oral omeprazole treatment was 

associated with a protracted suppression of gastric acid secretion. We were unable to demonstrate a 

dose-response association after administration of a single oral dose of NOV in Part 2. This may indicate 

that the observed PD responses were close to maximal. Similarly, although repeated administration 

of omeprazole has been associated with increased suppression of gastric acid secretion,153,215 results 

on Day 1 and 6 of the current study were not different. The effects of omeprazole administration on 

squamous ulcer score were assessed after repeated daily administration in Part 3: despite the short 

study period, beneficial effects on gastric squamous ulcer score were observed following the repeated 

administration of both NOV and REF. The PD data support once daily administration of oral 

omeprazole to horses, as measures of gastric acid secretion, including AUC0-24, mean pH, initial pH and 

percent time pH <4, demonstrated appropriate inhibition following once daily administration. There 

was no evidence of drug accumulation at this dose interval.  In the current study, PD effects were 

further assessed by tests of bioequivalence to reduce chances of type 2 error. Using this approach, we 

were able to demonstrate that the majority of PD parameters were the same for NOV and REF.  

The pH of gastric secretion has been determined previously by collection of samples from gastric 

cannulas,32,35,151 aspiration of gastric fluid via endoscopy or nasogastric intubation, or indwelling 

nasogastric pH probes.9,129,156 In the current study the pH of gastric fluid was determined by both 

continuous measurement using indwelling antimony probes, and intermittent aspiration of gastric 

content, as described previously.129 This approach avoids surgical creation of permanent access to the 
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gastric lumen, but necessitate sedation to permit NGT placement. As sedation might have affected 

gastrointestinal motility and time to consume NOV, PK and PD studies were not performed 

concurrently, and this precluded direct comparison of plasma drug concentration and physiological 

effect. As both methods used in this study are subject to false readings or missing data, for example, 

due to partitioning of gastric content, probe breakage, reflux of duodenal content or aspiration of 

saliva, the simultaneous use of both methods allowed comparison of results and minimised missing 

data points. In all cases, where values were available from both probe and aspirated fluid, the lower 

value was used, as has been recommended,217 to ensure that treatment effects were not over 

estimated. As gastric fluid was not aspirated after 00.00 or before 07.00 hours, pH results between 

01.00 and 06.00 hours (inclusive) were obtained only from gastric probes and, as such, were not 

substantiated as was possible for other data points.  

A further limitation of the current study is that treatment effects of omeprazole on squamous mucosal 

ulcer scores were observed in a small sample of Thoroughbred and Standardbred mares with mild 

squamous ulceration of questionable clinical significance. Squamous ulceration scores were assigned 

by a single investigator blinded to treatment at the time of probe placement and removal. Glandular 

ulceration scores were not assessed because probe placement, feed retention, or a combination of 

both, after omeprazole treatment precluded full assessment of the pyloric antrum in many cases, and 

because omeprazole treatment of glandular ulceration is not as effective as for squamous lesions.77 

Horses with more severe, spontaneous gastric disease were not utilised, and a negative control group 

were not included in the current study. Although an effect on gastric squamous ulcer score was 

observe the current study was not designed to assess clinical efficacy and a larger and appropriately 

controlled study of horses with spontaneous disease is required to better characterise the effect of 

treatment on ulcer healing. 
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4.6 Conclusion  

Administration of both omeprazole products resulted in increased gastric pH relative to untreated 

horses. Similarly, mean pH and the percent of time that gastric pH >4 were increased by treatment, 

and bioequivalence was demonstrated between preparations, indicating that PD effects were the 

same regardless of dose rate for both preparations. The findings of this study confirm that plasma 

concentrations of omeprazole and omeprazole dose do not predict drug PD.  

4.7 Conflicts of interest  

This study was funded by Equestra Pty Ltd, 111 Hume Street, Wodonga VIC. There was no influence 

on the design or conduct of the study, assessment of the data, or writing of the manuscript. The 

authors have no conflicts of interest. 

4.8 Acknowledgements 

The authors acknowledge Sharon Nielson Statistical Consulting and Training for the input in statistical 

analysis, including all the bioequivalence statistics. 

 

  



128 
 

Supplementary item 4.1: Overview of research design. The study was conducted in three parts to assess bioavailability, 
dose effects and efficacy of a novel granulated omeprazole product (NOV) and an existing, registered paste (REF). A number 
of horses were used on multiple occasions, as shown. Horses were blocked in groups of three or four, as shown by same 
shading within each study. Plasma samples for pharmacokinetic (PK) studies were collected at the times shown, and 
pharmacodynamic (PD) effects (gastric pH and gastric ulceration) were assessed as shown. Horses were Standardbred 
mares, except as shown (TB). All horses were weighed, using calibrated scales, at the start of each part of the study. 

Horses included Age 
(years) 

Body 
weight 

(kg) 

Outcome measures 
PK samples PD variables 

 Gastric pH Gastric ulceration 

Bioavailability study  Three sequence, three period Latin square design; single dose 
   Sequence 1 (n=3): Period 1 IV; Period 2 REF; Period 3 NOV 
   Sequence 2 (n=3): Period 1 NOV; Period 2 IV; Period 3 REF 
   Sequence 3 (n=3):Period 1 REF; Period 2 NOV; Period 3 IV 

H1  8 460 T = 0 minutes 
(preTx) 
 
Post-Tx: 
1, 5, 10, 15, 30, 45, 
60, 75, 90, 105, 120, 
150 minutes;  
3, 4, 5, 6, 8, 12, 24 
hours 

Not 
determined 

Not 
determined 

H2  6 485 
H3 (TB) 8 524 
H4  7 443 
H5  15 638 
H6  20 523 
H7  4 550 
H8  8 517 
H9  8 482 

Mean 
S.D. 

9.3 
5.0 

514 
57.8 

   

Dose titration study  Two treatment, two period, randomised blocked design; single dose  
 (NOV 2 mg/kg and 4 mg/kg) 

H2  6 485 

Not 
determined 

 
T=0 minutes (preTx) 
Tx 08.00 hours  
 
09.00, 10.00, 1.00, 
12.00, 13.00, 4.00, 
15.00, 16.00, 8.00, 
20.00, 22.00, 4.00, 
07.00, 08.00h 

 
 
Prior to treatment 
during probe 
placement, and at 
probe removal 
 
 

H9  8 497 
H3  8 502 
H7  4 546 
H8  8 546 
H1 8 498 
H6  20 552 
H5  15 706 

Mean 
S.D. 

9.6 
5.2 

541.5 
71.5 

   

Bioequivalence and         Two treatment, two period, randomised blocked design; repeated doses 
       efficacy study              (REF 1 mg/kg PO q24h for 7 days; NOV 2 mg/kg PO q24h for 7 days)  

H10  8 455 
Day 0 and Day 5 
 
 
T=0 minutes (preTx) 
 
Post-Tx: 
15, 30, 45, 60, 75, 
90, 120 minutes;  
3, 4, 5, 6, 7, 8, 12, 24 
hours 

 
Day 1 and Day 6 
 
T=0 minutes (preTx) 
 
Tx 08.00 hours  
 
09.00, 10.00, 1.00, 
12.00, 13.00, 4.00, 
15.00, 16.00, 8.00, 
20.00, 22.00, 4.00, 
07.00, 08.00h 

Day 1 and Day 6 
 
Prior to treatment 
during probe 
placement, and at 
probe removal 
 
 
 
 

H2  7 487 
H11 (TB) 12 582 
H8  9 530 
H9  9 475 
H12 (TB) 10 552 
H13  5 489 
H14  7 528 
H1 9 463 
H7  5 518 
H5  16 652 
H3 (TB) 9 502 

Mean 
S.D. 

8.8 
3.0 

519 
55.9 
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Supplementary item 4.2: Pharmacokinetic (PK) parameters calculated from plasma omeprazole concentrations in 
bioavailability and efficacy studies. 

Area under the curve 
(AUCo-t) 

The area under the plasma omeprazole concentration- time curve was determined from 
t=0 to t=24 hours post administration of treatment. The AUC is the definite integral of a 
curve that described the variation of plasma omeprazole concentration as a function of 
time. It is considered the most appropriate pharmacokinetic parameter for prediction of 
omeprazole efficacy.  

Terminal volume of 
distribution (Vz) 

also abbreviated as V(area), the ratio of clearance (Cl) to the rate of decline in drug 
concentration during the final (elimination) phase of the log concentration vs time curve; 
this is the appropriate value to report when plasma concentration is measured in 
pseudo-equilibrium conditions, as in the current study 

𝑉𝑉𝑧𝑧 =  
𝐶𝐶𝐶𝐶
𝜆𝜆𝑧𝑧

 

Initial volume of 
distribution (Vd) 

also known as the apparent volume of distribution, the theoretical volume that would be 
necessary to contain the total amount of drug administered, based on the concentration 
observed in plasma; determined following IV administration with C0 estimated by 
extrapolation from plasma drug concentrations at t=1min to time zero; reported for IV 
administration of omeprazole 

𝑉𝑉𝑑𝑑 =  
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝐶𝐶𝑜𝑜

 

  

Elimination half-life 
(t½) 

time taken for half of the drug dose to be eliminated from the blood stream (ie. time for 
plasma concentration to reach half of the original concentration) 

𝑇𝑇1
2

=
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝐴𝐴𝐴𝐴𝐶𝐶0−∞
 

Clearance (Cl): the volume of plasma from which drug is removed per unit time 

𝐶𝐶𝐶𝐶 =  
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝐴𝐴𝐴𝐴𝐶𝐶0−∞
 

Mean residence time 
(MRT) 

the average time a drug molecule spends in the body, in effect a measure of duration of 
effect or persistence 

𝑀𝑀𝑀𝑀𝑇𝑇 =  
𝐴𝐴𝐴𝐴𝑀𝑀𝐶𝐶0−∞
𝐴𝐴𝐴𝐴𝐶𝐶0−∞

 

Elimination rate 
constant (λz) 

the rate at which a drug is cleared from the body assuming first-order elimination; 
calculated using log-transformed plasma concentration-time curves to identify the 
terminal phase for each horse, as described below; represented by 

𝜆𝜆𝑧𝑧 =  
𝐶𝐶𝐶𝐶
𝑉𝑉𝑑𝑑
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Supplementary item 4.3: Summary of precision and accuracy data of assay performance measures. Linearity (of calibration 
plots); Results from consecutive calibration standards gave correlation coefficients (R2) values ranging from .99976 to 
.99998 with a mean value of .99990 (n=3). From a total of 10 calibration curves used in this study, the mean value of R2 
was .99988. 

Matrix suppression; The matrix factor (MF) was determined to be .94 at 180 ng/mL and 1.03 at 3600 ng/mL. Overall the 
internal standard-normalised MF was .95 ± 0.07 (CV 7.6%). These data indicate a lack of significant matrix suppression, 
with an acceptable CV (not greater than 15%). 

Dilution integrity; Accuracy at 2x dilution was 100.6%, with precision (CV) of 1.8%. Accuracy at 4x dilution was 102.8%, with 
precision of 3.7%. These data are within acceptance limits of 15%. 

Selectivity; Mean peak area ± SD in analyte channel was 199 ± 65 (n=6) equivalent to .25 ng/mL omeprazole. Mean peak 
area ± SD in deuterated surrogate standard channel was 4 ± 7 (n=6) equivalent to .005 ng/mL omeprazole. Acceptance 
limits for drug assay validation parameters, used in this study and consistent with regulatory guidelines, have been 
summarised by Whitmore et al (2011).26 

Carry over; Carry over from an injection of 5000 ng/mL omeprazole was .09%. A subsequent injection gave a carryover 
equivalent to .01% of the original injection. 

 Day 1 Day 2 Day 3 Mean  CV (inter-day) 

LQC mean 11.1 10.9 10.1 10.7 4.9% 

LQC SD 0.7 1.2 0.8 0.8  

CV (intra-day) 6.1% 11% 8.3% 8.5%  

Accuracy 111% 109% 101% 107%  

MQC mean 275 275 279 277 0.8% 

MQC SD 4.3 22.0 5.1 10.5  

CV (intra-day) 1.6% 8.0% 1.8% 3.8%  

Accuracy 92% 92% 95% 94%  

HQC mean 1384 1405 1431 1407 1.7% 

HQC SD 98.6 46.8 42.6 62.7  

CV (intra-day) 7.1% 3.3% 3.0% 4.5%  

Accuracy 92% 94% 95% 94%  

Footnote: LQC, low concentration quality control standard (10 ng/mL); MCQ, medium concentration quality control 
standard (300 ng/mL); HQC, high concentration quality control standard (1500 ng/mL); SD, standard deviation; CV, 
coefficient of variation, determined as the % relative SD. Accuracy is the result expressed as a percentage of the expected 
result. 
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Supplementary item 4.4: Non-compartmental pharmacokinetic parameters derived from Part 1 (bioavailability) and Part 3 
(bioequivalence and efficacy). Results are reported as mean, (median), interquartile range and [minimum and maximum] 
for each parameter. Comparisons between a novel granule formation (NOV, 2 mg/kg PO) and an existing paste formulation 
(REF, 1 mg/kg PO) have been performed by Wilcoxon matched pairs signed rank test for results from Part 1 and Part 3 (Day 
5) to accommodate non-normal data; comparisons for results from on Day 0 of Part 3, available for only six horses, were 
completed by Mann-Whitney test as results were not paired. 

 Part 1 
n = 9 

Part 3 (Day 0) 
n = 6 

Part 3  (Day 5) 
n = 12 

 IV 
0.5 mg/kg 

NOV 
2 mg/kg 

REF 
1 mg/kg 

NOV 
2 mg/kg 

REF 
1 mg/kg 

NOV 
2 mg/kg 

REF 
1 mg/kg 

Cmax (ng/mL) 
C0 (ng/mL) for IV 

2671  
(2539) 

2402-2858 
[2268-3613] 

1100  
(1032) 

681-1536 
[576-1766] 

259.6 
(282.7) 

94.8-390.2 
[68.6-488.2] 

955.7 
(1015) 

641.8-1282 
[278.7-1429] 

479.9 
(369.0) 

229.3-645.4 
[148.2-1315] 

847.6 
(891.7) 

745.4-1091 
[88.7-1351] 

273.8 
(309.1) 

193.0-347.1 
[93.5-384.4] 

 P = .004 P = .12 P = .001 

Tmax (min) 1 
 

30 
(30) 

30-30 
[15-45] 

55 
(60) 

30-75 
[30-90] 

32.5 
(30) 

26.2-37.5 
[15-60] 

52.5 
(45) 

41.2-67.5 
[30-90] 

41.2 
(37.5) 

30.0-56.2 
[30-60] 

47.5 
(45) 

30-45 
[30-90] 

 P = .05 P = .06 P = .25 

λz *(1/min) .015 
(.016) 

.011-0.017 
[.010-.018] 

.013 
(.013) 

.012-.014 
[.010-.014] 

.010 
(.011) 

.008-.012 
[.007-.022] 

.015 
(.015) 

.013-.017 
[.011-.019] 

.019 
(.019) 

.016-.021 
[.0148-.022] 

.011 
(.012) 

.009-.013 
[.007-.013] 

.011 
(.012) 

.009-.013 
[.005-.013] 

 P = .04 P = .04 P = .85 

T½ (min)  49.4 
(44.3) 

40.7-60.2 
[39.5-71.3] 

56.0 
(53.5) 

50.8-60.1 
[48.2-70.2] 

81.4 
(64.7) 

56.0-80.8 
[54.9-214.5] 

48.0 
(47.9) 

40.5-54.0 
[37.1-62.6] 

37.7 
(35.9) 

33.8-43.0 
[31.3-47.0] 

63.5 
(56.2) 

53.5-73.7 
[51.9-99.0] 

67.8 
(58.0) 

52.8-75.3 
[52.2-123.8] 

 P = .06 P = .041 P = .91 

MRT0-∞ (h) 48.1 
43.3 

33.3-60.4 
[29.8-83.3] 

79.4 
(80.4) 

73.6-85.1 
[67.5-89.0] 

109.7 
(104.2) 

93.1-122.5 
[72.6-179.7] 

71.7 
(66.1) 

64.5-79.3 
[61.2-98.2] 

77.5 
(75.2) 

40.5-82.7 
[68.9-96.8] 

81.3 
(73.9) 

68.6-90.2 
[63.0-131.1] 

95.7 
(91.2) 

78.6-106.5 
[73.6-143.8] 

 P = .01 P = .13 P = .03 

AUC0-∞ (µg/ml*min)  47.6 
(38.5) 

34.3-70.6 
[26.8-72.0] 

 80.5 
(63.9) 

54.2-106.3 
[42.4-152.4] 

23.7 
(23.8) 

9.6-35.9 
[8.2-42.3] 

59.8 
(67.5) 

36.4-78.9 
[21.2-84.3] 

26.2 
(25.9) 

16.4-36.2 
[15.9-36.9] 

58.5 
(62.9) 

43.2-74.1 
[6.0-101.7] 

24.5 
(24.8) 

18.9-29.2 
[9.6-44.5] 

 P = .004 P = .002 P = .002 

Fabs (%)  49 
(55) 

22-71 
[15-88] 

29 
(17) 

11-49 
[10-77] 

    

  P = .25   

Frel (FREF/FNOV) (%)  75 
(81) 

17-124 
[11-145] 

 .350 
(.193) 

.126-.334 
[.081-1.713] 

Vd (L/kg) .145       
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(.147) 
.137-.160 

[.109-.163] 

Vz (L/kg) .808 
(.785) 

.606-1.004 
[.48-1.18] 

2.41 
(2.58) 

1.48-3.33 
[.94-4.14] 

8.47 
(3.41) 

2.58-8.47 
[2.26-37.93] 

1.56 
(1.04) 

.83-2.15 
[.70-4.26] 

4.58 
(4.64) 

3.12-6.12 
[2.45-6.38] 

6.27 
(2.74) 

2.42-3.76 
[1.63-38.7] 

5.20 
(3.61) 

2.78-5.66 
[1.70-16.6] 

 P = .07 P = .009 P = .47 

Cl  (mL/kg/min)  
 

11.8 
(13.0) 

7.1-14.6 
[6.9-18.6] 

29.0 
(31.3) 

19.0-37.1 
[13.1-47.1] 

60.6 
42.1 

27.8-106.0 
[24.2-122.6] 

21.1 
(15.1) 

12.7-29.9 
[11.9-47.2] 

85.2 
(77.5) 

55.3-122.0 
[54.2-126.1] 

61.1 
(31.8) 

27.0-46.9 
[19.7-331.5] 

48.6 
(40.4) 

34.2-52.9 
[22.5-104.1] 

 P = .20 P = .002 P = .42 
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Supplementary item 4.5: Baseline gastric pH data determined in untreated horses during acclimatisation and washout 
phases of the efficacy study. Data are shown as mean and SEM. Time had a significant effect on gastric pH (P = .003), but 
there were not differences between acclimatisation and washout (P = .774). Within each data set, differences in comparison 
to results obtained prior to 0.800 hours are shown (**, P = 0.005; *P < .05). Values obtained between 0.100 and 0.600 hours 
(shaded grey) were derived from gastric pH probe only (not compared with results from aspirated gastric fluid), and were 
excluded from statistical comparisons. Horses were fed at 10.00 and 18.00 hours (arrows). 
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Abstract

Background: Intragastric pH profiles of neonatal foals admitted to the intensive care

unit (ICU) remain poorly characterized.

Hypothesis/Objectives: To determine intragastric pH profiles and clinical parameters

associated with intragastric pH in foals admitted to the ICU.

Animals: Forty-two neonatal foals admitted to the ICU and requiring placement of an

indwelling nasogastric tube for nutritional management were included.

Methods: Intragastric pH was measured for 24 hours from the time of admission.

Mean pH, % time pH <4, and % time pH >4 were determined for each foal. History,

clinical findings, and clinicopathological data recorded at the time of presentation

were collected.

Results: The mean pH of included foals was 5.5 ± 1.8. The median % time pH <4 was

6.3% (range: 0-99). A history of placentitis was associated with greater mean pH

(median 5.3 (range: 0.9-7.8) versus median 7.2 (5.9-11.3); P = .002) and less % time

pH <4 (median 13 (0-99.6) versus median 0.1 (0-7.2); P = .01). Foals with diarrhea

had a greater % time pH <4 (median 4.6% (0-99) versus median 28.8% (1.4-57.48);

P = .02). Foals with a pH >4 for >50% recording time had a lower PaO2 (mean differ-

ence 25.0 mm Hg; 95% confidence interval [CI], 14.4-35.6; P = .03) and higher

PaCO2 (mean difference 14.9 mm Hg; 95% CI, 4.7-25.2; P = .02). Surviving foals had

a lower mean median hourly pH (P = .02).

Conclusions and Clinical Importance: Intragastric pH profiles were unpredictable and

mostly >4 for >80% of the recording time. This study does not support the indiscrimi-

nate administration of acid suppressive treatment.

K E YWORD S

foals, horse, omeprazole, ulcers

1 | INTRODUCTION

Gastric ulceration is an important condition of foals, presenting as

4 clinical syndromes: subclinical disease, clinical disease, gastric perfo-

ration, and pyloric stricture.1 The prevalence of this condition in foals

is reported to be up to 57%,2 with a prevalence of 22% in non-

surviving foals hospitalized between birth and 6 months of age.3

Abbreviations: % time pH >4, percentage of time intragastric pH >4; 95% CI, 95% confidence

interval; AUC, area under the gastric pH-time curve; EGUS, equine gastric ulcer syndrome;

ESGD, equine squamous gastric disease; ICU, intensive care unit; NGT, nasogastric tube; OR,

odds ratio; pH >4>50, pH >4 for >50% of the recording period; pH >4>80, pH >4 for >80% of

the recording period.
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Affected neonatal foals rarely demonstrate the clinical signs observed

in older foals.4

Due to the reported high prevalence of gastric lesions in neonatal

foals,2,3,5 and concern for potential fatal consequences of gastric

ulceration, neonatal foals in intensive care unit (ICU) settings are fre-

quently administered acid-suppressive medication empirically, without

confirmation of gastric ulceration,6 or measurement of gastric

pH. However, recent studies suggest the prevalence of gastric ulcera-

tion is lower in neonates than older foals,3 and the intragastric pH

profiles and response to medical suppression of gastric acid secretion

in critically ill foals might differ from healthy foals.7 Gastric acid might

be beneficial, providing an important barrier against bacterial coloniza-

tion of the intestinal tract in foals, as has been described for human

infants,8 and the production of gastric acid is associated with survival

in clinically ill neonatal foals.4 Administration of acid-suppressive med-

ications to neonatal foals admitted to the ICU is associated with

increased risk of undifferentiated diarrhea during hospitalization,6 fur-

ther questioning the practice of empirical administration of these

therapeutics.

Pharmacodynamic targets for prevention or treatment of equine

gastric ulcer syndrome (EGUS) and acid suppressive treatment remain

ill-defined. In humans, the healing of gastroesophageal reflux disease,

which is a similar disease process to equine squamous gastric disease

(ESGD), is achieved when the time pH is >4 exceeds 66%.9 The results

of previous studies suggest that increasing the intragastric pH so that

the percentage of time pH <4 was limited to no more than 20 to 50%

facilitated the healing of EGUS,10-13 and prevention of ESGD has been

demonstrated when intragastric pH was >4 for 49% of time.10

The intragastric pH profiles of hospitalized equine neonates

remain poorly characterized, including the likelihood of sustained

periods of pH <4. As such, the prognostic importance of intragastric

pH, factors that are associated with gastric acid secretion, and justifi-

cation for acid suppressive therapy in sick foals are unknown. The

aims of this study were: (1) to determine the intragastric pH profiles

of systemically ill foals admitted to the neonatal ICU and (2) to identify

clinical and clinicopathological parameters associated with intragastric

pH <4.

2 | MATERIALS AND METHODS

The study population comprised of systemically ill neonatal foals,

<14 days of age, admitted to the ICU at the Veterinary Clinical Centre,

Charles Sturt University, between August 2017 and February 2018.

All foals included in the study required placement of an indwelling

nasogastric tube (NGT) for nutritional management. Prior to place-

ment, a calibrated disposable antimony pH probe with 2 electrodes

5 cm apart (Greenfield Single use pH catheter with 2 pH antimony

channels, 5 cm spacing 6.4 French diameter, internal reference; prod-

uct number Medical Management Systems (MMS)-pH-5; via MD Solu-

tions Pty Ltd, Williamstown North, Victoria) was placed within the

lumen of an NGT (Dover Flush Enema Tube, Ref 155733, Covidien

Lane Cove Australia), as part of the hospital standard operating

procedures (Supplementary Item 1). The pH probe was secured with

the most proximal pH electrode at the end of the NGT. The NGT was

passed and secured at the level of nares by a suture. The NGT and pH

electrode were considered in place when gastric fluid could be aspi-

rated through the tube, or abdominal radiography confirmed the NGT

and pH probe within the gastric lumen. The pH probe was connected

to a data logger (Ohmega Ambulatory pH Recorder, MD Solutions Pty

Ltd, Williamstown North, Australia) that was secured to the foal's neck

by a bandage. The data recording system recorded pH from both elec-

trodes every second. Continuous measurement of intragastric pH was

scheduled for 24 hours from the time of admission for each foal. Elec-

trode placement did not interfere with feeding or reflux of milk

through the NGT. At the end of the recording period, the electrode

was removed without dislodging the NGT. If the foal required the

indwelling NGT be retained for enteric nutrition supplementation at

24 hours after the removal of the initial pH electrode, another cali-

brated pH electrode was placed within the lumen of the NGT and

another 24 hours of recording was attempted. Endoscopic examina-

tion of the gastric mucosa was not routinely performed.

Signalment (foal age, breed, and sex) and clinical data including

primary disease process, gestation length, history/evidence of

placentitis, body weight at presentation, ambulatory or recumbency

status, feeding schedule, results of hematological and blood biochemi-

cal examinations, bacterial culture of blood, and acid-base parameters

of arterial blood recorded at the time of presentation were collected

for each foal.

2.1 | Data analysis

When recording was finished, the data were imported from the data

logger onto a personal computer using commercially available soft-

ware (MMS database software; Version 9.5, February 23, 2017;

http://ww.mmsinternational.com/) and graphs of pH over time,

including periods of pH <4 were created to visually assess pH profiles

(Figure 1). Data were exported to Microsoft Excel for calculation of

mean pH, median hourly pH, area under the time-median hourly pH

curve (AUC), % time pH <4, % time pH >4 and the duration of the

recording for each foal. The number of foals with pH >4 for >50%

(pH >4>50) and for >80% (pH >4>80) of the recording time were

determined.

Statistical analysis was performed using R (version 2.6-1,

2019-11-19). A Shapiro-Wilk test was performed to differentiate

parametric and nonparametric data. Parametric data are presented as

mean ± SD and nonparametric data are presented as median (range).

Differences in the data collected from the distal pH probe and the

proximal pH probe were investigated compared by paired t tests

(parametric data) and Wilcoxon signed-rank test (nonparametric data).

Outcome variables, analyzed independently for proximal and distal

electrodes, were median hourly pH, mean pH and % time pH <4 as

continuous variables, and pH >4>50 and pH >4>80 as dichotomous var-

iables. Independent t tests (parametric data) and Mann-Whitney

U tests (nonparametric data) were used to assess for differences in pH
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between groups based on clinical variables, including disease status

(yes/no). Categorical data were compared to the dichotomous out-

comes pH >4>50 and pH >4>80 using Fisher's exact tests. Continuous

variables were compared with the dichotomous outcomes of pH

>4>50 and pH >4>80 by univariate logistic regression. All variables with

P value >.2 were included in multivariable logistic regression with

backwards stepwise removal of variables and inclusion of interactions.

Median hourly pH were compared between surviving and non-

surviving foals using a linear mixed effects model with data fitted

using restricted maximum likelihood and with the Geisser-Greenhouse

correction to accommodate unequal sphericity; post hoc comparisons

were performed using the Sidak method. The AUC was determined

for each foal using the trapezoid rule, and results compared between

surviving and nonsurviving foals by independent t tests. For all ana-

lyses, significance was set at P < .05.

In foals where a second recording period occurred, differences

between the 24 hours of recording from the time of admission, and

recording from 48 hours from admission were compared using depen-

dent t tests (parametric data) and Wilcoxon signed-rank test (nonpara-

metric data).

3 | RESULTS

3.1 | Foals

Forty-two foals were included in the study (Supplementary Item 2):

27 (64%) colts and 15 (36%) fillies. The study population included pre-

dominantly Thoroughbreds (n = 17, 40%) and Standardbreds (n = 13,

31%), but also included Quarter horses (n = 3), Arabians (n = 3), Ameri-

can Paint (n = 3), and heavy Draught breeds (n = 3). The mean

gestational length of the foals was 341 ± 15.2 days. Four foals were

premature with a gestational age of less than 320 days. The median

age at the time of presentation was 31 hours (range: 2 hours to

11 days). Thirty-one foals were less than 24 hours of age at the time

of presentation. Twenty-eight (67%) foals were ambulatory at the

time of presentation and 19 (45%) foals had nursed from the mare.

Primary diagnoses included neonatal multisystemic maladjustment

syndrome (n = 29), diarrhea (infectious and noninfectious diarrhea)

(n = 11) (5 foals overlapped both categories), musculoskeletal prob-

lems (n = 2), neonatal isoerythrolysis (n = 1), and uroperitoneum

(n = 1). Three foals presented with sick mares or as orphan foals.

Nine of 30 foals that had blood collected for microbiological

examination had a positive blood bacterial culture. Hematological

and blood biochemical examinations were performed in 40 foals, of

which 15 (38%) had leukogram changes and/or increased concentra-

tions of acute phase proteins, consistent with inflammation. All foals

had semiquantitative measurement of IgG, and 28 foals had inade-

quate passive transfer of immunoglobulins (IgG <8 g/L). Twenty foals

(48%) were hypoxemic, using age-dependent reference ranges

(PaO2 < 70 mm Hg), and 15 of these foals demonstrated hypo-

ventilation (PaCO2 > 50 mm Hg). Eleven foals (26%) were acidemic

(peripheral blood pH of <7.35). Two foals demonstrated net gastric

reflux at the time of presentation. Thirty-four foals (81%) were dis-

charged from hospital, 7 (17%) foals were subjected to euthanasia,

and 1 (2%) foal died (Supplementary Item 2).

3.2 | Treatment

Thirty-five (83%) foals were administered resuscitative fluid therapy

administered intravenously at the time of presentation, and

F IGURE 1 Example of the graph of pH over time for the proximal (top) and distal (bottom) pH electrodes provided by the Medical
Management Systems (MMS) software, with pH <4 highlighted by red shading
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subsequently received fluid therapy administered intravenously at

maintenance rates. Twenty-five (60%) foals received a constant

rate infusion of glucose administered intravenously. Intranasal

insufflation of oxygen was administered to 24 (57%) foals. Antimi-

crobial drugs were administered systemically to 37 (88%) foals.

Other treatment administered to individual foals included NSAIDs,

thiamine, frusemide, hyperimmune plasma transfusion, topical

ophthalmic treatments, respiratory stimulants, and vasopressors.

Mare's milk was administered via the indwelling NGT according to

nutritional requirements and tolerance of enteral feeding. If the

foal demonstrated signs of abdominal discomfort or gastric reflux,

feeding was discontinued. No foal in the current study received

gastric acid suppressive treatment at the time of intragastric pH

recording.

3.3 | pH data

Twenty-four hours of recording was not achieved in all foals for

various reasons including probe damage or breakage and malfunc-

tion of the data logger. The mean duration of pH recording was

18.7 ± 10.6 hours (Supplementary Item 3). Fourteen foals had a

pH recording of 24 hours or longer. There was no difference in %

time pH <4 between the proximal electrode and the distal elec-

trode (P = .07), while there was a difference in mean pH (P = .03)

(Figure 2). There was no observed diurnal variation in

intragastric pH.

3.4 | Proximal electrode

The mean of the mean pH of all 42 foals was 5.5 ± 1.8. Five foals had

a mean intragastric pH <4 and 34 foals had a mean pH <7. All foals

had a pH measurement <7 at some point during the recording, and in

3 foals, the intragastric pH did not decrease below 4 at any time dur-

ing the recording. The median percentage of time that pH was <4 was

6.3% (range: 0-99). Thirty-seven foals (88%) had intragastric pH >4>50

(mean recording time 19 ± 10 hours; mean of mean pH 6 ± 1.4) and

29 foals (69%) had a pH >4>80 (mean recording time 18 ± 10 hours,

mean of mean pH 6.4 ± 1.2).

3.5 | Distal electrode

The mean of the mean pH of all foals was 5.2 ± 1.8. Eleven foals had

a mean pH <4 and 34 foals had a mean pH <7. All foals had a pH mea-

surement <7 at some point during the recording, and in 3 foals, the

intragastric pH did not decrease below 4 at any time during the

recording. The median percentage of time that pH was <4 was 11%

(range: 0-82%). Thirty-two foals (76%) had a pH >4>50 (mean record-

ing time 17.3 ± 10.2 hours; mean of mean pH 5.8 ± 1.5) and 25 foals

(60%) had a pH >4>80 (mean recording time 16.8 ± 11 hours; mean of

mean pH 6.2 ± 1.5).

3.6 | Clinical associations

A history/evidence of placentitis was associated with a greater mean

pH (P = .002) and lower % time pH <4 (P = .01) (Figure 3; Supplemen-

tary Item 4). Conversely, foals that presented with diarrhea had a

greater % time pH <4 in comparison to foals without diarrhea, when

measuring pH with the proximal electrode (P = .02) (Figure 4; Supple-

mentary Item 4), and were less likely to have a pH >4>80 when mea-

suring with the proximal electrode (P = .02, Supplementary Item 5).

Foals with a more alkaline intragastric pH profile, evidenced by pH

>4>50, had a lower serum creatinine concentration (P = .04), higher

F IGURE 2 Box and whisker plot comparing the proximal and
distal electrodes in the first recording period. There was a difference
in mean pH (P = .03) and no difference in % time pH <4. The median
is marked by the horizontal line, the box spans the interquartile range
and the whiskers span the upper and lower limits. The outliers,
calculated by Tukey's rule, are indicated by circles
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PaCO2 (P = .02) and lower PaO2 (P = .03, Figure 5; Supplementary

Item 6). In all multivariable models, no parameters were retained at

the multivariable level.

Overall, for the proximal electrode mean median hourly pH for

the duration of the recording (P = .02, Figure 6) was lower in surviving

foals than in foals that were subjected to euthanasia or died. The AUC

was lower in surviving foals (mean difference 36.1; 95% confidence

interval [CI], 0.4-71.8; P = .05). There was no difference in mean pH,

% time pH <4 between surviving foals and nonsurviving foals.

3.7 | Second recording period

Eleven foals had a second intragastric pH recording beginning

24 hours after completion of the first recording period. There was no

difference between the mean pH or % time pH <4 of the first

24 hours of recording and the second 24 hours of recording

(Supplementary Item 7). Mean pH was 5.5 ± 2.3, and % time pH <4

was 15% (range: 0-64). Seven foals (64%) foals had a pH >4>80 in the

second recording period. Nine foals (82%) had a pH >4>50 in the sec-

ond recording period.

4 | DISCUSSION

This study revealed that in the majority (69%) of foals presented to

the ICU, intragastric pH was >4 for >80% of the recording period and

in and 88% of foals, the intragastric pH was >4 for at least 50% of the

recording period. This finding supports a previous report that acid

suppressive therapy in foals admitted to the ICU might not be neces-

sary due to the tendency for foals to have an intragastric pH >4 for

protracted periods.4 In humans, gastric pH studies demonstrate that

gastro-esophageal reflux disease resolves when gastric pH is >4 for

over 60% of the time.9,14 Given the role of gastric acidity in both

human gastro-esophageal reflux disease and ESGD, it can be inferred

that ulceration of the squamous mucosa in horses is unlikely to occur

when intragastric pH is greater than 4 for over 80% of the time12,15,16

as was observed for most foals included in this study.

In our hospital population, and as previously reported,4 foals that

survived to discharge had a lower mean median hourly pH for the

duration of the recording and lower AUC when compared to foals that

were subjected to euthanasia or died. However, within this study, no

F IGURE 3 Box and whisker plots demonstrating the mean pH
(A and B) and % time pH <4 (C and D) for foals presenting with mare

with (n = 35) or without (n = 7) a history of placentitis. Data are
presented for both the proximal electrode (A and C) and distal
electrode (B and D). A history of placentitis is associated with an
increased mean pH (P = .002) and decreased % time pH <4 (P = .01).
The median is marked by the horizontal line, the box spans the
interquartile range and the whiskers span the upper and lower limits.
The outliers, calculated by Tukey's rule, are indicated by circles
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difference in mean pH, % time pH <4 was observed between foals

that survived to discharge and foals that were subjected to euthanasia

or died. The high survival rate in the current study (81%) could have

influenced the results of hypothesis testing of associations between

pH and survival. The ability of surviving foals to secrete gastric acid is

likely associated with improved tissue perfusion and organ function,

or disease of lesser severity. Alternatively, hospital practices for nutri-

tional support of foals might include reduction of the frequency of

feeding and increasing the volume of milk provided at each feed, as

neonates respond to treatment. Consequently, increased gastric acid-

ity might be associated with feeding practices in surviving neonates.

Conversely, critically ill neonates were more likely to have increased

gastric alkalinity, consistent with impaired gastric secretory function

or reduced parasympathetic tone and resultant reduction in parietal

cell stimulation. The increased gastric alkalinity might also be attrib-

uted to gastric dysmotility17 and enterogastric reflux. The results

within this study do not support the ability to predict survival based

on measurement of intragastric pH measurement, and further investi-

gation into the relationship between survival and intragastric pH is

warranted.

There was no apparent difference between intragastric pH pro-

files at the time of admission when compared with profiles obtained

after 48 hours of treatment, consistent with previous studies demon-

strating that intragastric pH profiles in foals change minimally in the

first week of life.18 As such, protracted measurement of intragastric

pH for periods of greater than 24 hours is unnecessary when

assessing pH profiles and need for acid-suppressive treatment in

foals.

A history of placentitis and evidence of respiratory insufficiency

(decreased PaO2 and increased PaCO2) were associated with

F IGURE 5 Box and whisker plots of differences in serum
creatinine concentration (A) (P = .04), PaO2 (B) (P = .03), and PaCO2

(C) (P = .02) for foals that did (n = 37) or did not (n = 5) have an
intragastric pH >4 for >50% of recording time with the distal

electrode. The median is marked by the horizontal line, the box spans
the interquartile range and the whiskers span the upper and lower
limits. The outliers, calculated by Tukey's rule, are indicated by circles

F IGURE 4 Box and whisker plot of the difference in % time pH
<4 for foals admitted to the ICU with diarrhea (n = 11) and without
diarrhea (n = 31) (P = .02). The median is marked by the horizontal
line, the box spans the interquartile range and the whiskers span the
upper and lower limits. The outliers, calculated by Tukey's rule, are
indicated by the circles
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increased intragastric pH. These findings are suggestive of decreased

parietal cell function and indicate that, in foals that were unable to

secrete gastric acid, gastric mucosal function or integrity was com-

promised by marked pre- or peripartum disease. In support of our

findings, in humans and guinea pigs, the secretion of HCl represents

normal physiological function of parietal cells, and is compromised by

hypoxia, endotoxin and critical illness.19 Abnormal gastric motility,

leading to increased enterogastric reflux17, might also impact

intragastric pH in these foals.

Foals that had a presenting complaint of diarrhea or had evidence

of diarrhea at the time of presentation had more acidic intragastric pH

profiles. This association was only apparent in the proximal electrode,

and with % time pH >4. Reasons for an association between a lower

intragastric pH in foal with diarrhea were not determined in our study.

Gastric acidity has previously been suggested to be a protective

mechanism against the development of diarrhea secondary to bacte-

rial colonization of the gastrointestinal tract.8 However, in a previous

study of hospitalized foals, gastric ulceration was positively associated

with other forms of gastrointestinal disease,3 and the authors specu-

lated that ulceration might develop due to gastric acidity in addition

to fluctuations in fluid and electrolyte balance, abnormal intestinal

motility, intestinal inflammation, and visceral pain. While it is possible

that the foals with diarrhea in the current study were at increased risk

of gastric injury, given the acidic intragastric pH profiles, examination

of the gastric mucosa was not undertaken. The intragastric pH profiles

of the foals prior to the development of diarrhea is unknown, and fur-

ther investigation into the relationship between intragastric pH and

diarrhea in neonatal foals is required.

In the current study, increased concentration of creatinine in

plasma was associated with decreased gastric acidity, suggesting that

parietal cell function was preserved in the face of renal or prerenal

azotaemia, or placental insufficiency, in these foals.

This study focused on the intragastric pH profile of critically ill

foals, rather than the effect of treatment. Previous studies have

investigated the effects of ranitidine or omeprazole on intragastric

pH of small groups of clinically healthy or hospitalized foals.4,7,20 In

the current study, the mean hourly pH ranged from 0.9 to 11 and

percentage of recording time pH was less than 4 ranged from 0 to

99%. Similarly, considerable differences in pH profiles between

foals were reported in a previous study of critically ill neonates.4

These results indicate that foals are capable of marked variation in

intragastric pH; however, the association of pH and risk of gastric

ulceration remains uncertain. In the current study, while the rela-

tionship between intragastric pH and the prevalence of gastric

ulcerative disease within neonatal foals admitted to the ICU was

not explored, gastric ulceration was not observed in any of the non-

surviving foals at necropsy. Although larger than previous studies

of gastric pH in hospitalized foals,4,7 the number of foals in the cur-

rent study was modest, which might have influenced the outcomes

of the multivariable models used to explore associations between

clinical and clinicopathological associations and intragastric

pH. Other limitations of the current study include the wide varia-

tion in gestation, the broad spectrum of disease presentation, and

treatment regimens between foals. The methodology of intragastric

pH measurement used in this study was adapted from previously

reported methods used in both adult horses and neonatal

foals.4,7,12,18 Although the placement of the probe within the NGT

and the confirmation of location within the gastric lumen were con-

firmed for each foal in the study, factors such as patient death,

probe breakage or malfunction of the data logger precluded

24 hours of continuous pH recording for some foals. The anatomi-

cal location of pH probes, although confirmed within the gastric

lumen, could not be precisely controlled in recumbent patients at

all times. Changes in intragastric pH were considered to reflect

parietal cells function; however enterogastric reflux and difference

in the position of electrodes within the stratification of the pH of

gastric contents could also impact intragastric pH recorded using

this methodology. Further studies on the intragastric pH and asso-

ciations with clinical parameters and survival and the prevalence

and consequences of gastric ulceration in foals are warranted.

5 | CONCLUSION

The majority of the foals included within this study had an

intragastric pH of >4 for >80% of the recording time, which does

not support the indiscriminate use of acid-suppressive medica-

tions in critically ill foals. Our results suggest that nonsurviving

foals, foals with a history of placentitis, and foals presenting with

respiratory insufficiency, had higher intragastric pH. Conversely,

foals presenting with diarrhea had more acidic intragastric pro-

files. The intragastric pH profiles of critically ill neonatal foals

admitted to the ICU were variable and further research is required

to better understand the clinical significance of different pH

measurements.

F IGURE 6 Mean and 95% confidence interval (CI) of the median
hourly pH of foals that survived to discharge (n = 34) or were
nonsurvivors (subjected to euthanasia or died; n = 8). Surviving foals
had a lower median hourly pH for the duration of recording (P = .02);
post hoc comparisons were not different at any time point. Data are
shown as mean and 95% CI
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Supplementary item 5.1: Photograph of the indwelling nasogastric tube, with the calibrated disposable antimony pH probe 
with the two electrodes 5 cm apart, seated within the lumen. The pH probe is secured at the most proximal end of the 
nasogastric tube. The pH probe is connected to a data logger that was secured to the foal’s neck by a bandage. 



Supplementary item 5.2: Clinical data collected at the time of admission from 42 foals presented to the ICU that underwent measurement of intragastric pH. 

 Foal Sex Breed 
Gestational 
age (days) 

Age at 
the time 
of 
admission 
(hours) Refined Diagnosis 

Recumbent/ 
Unable to 
stand/ 
Ambulatory 

Has 
the 
foal 
nursed  

Failure 
of 
passive 
transfer 
(IgG 
<8g/L) 

Lactate 
(mmol/L) 

PaO2 
(mmHg) 

PaCO2 
(mmHg) pH  

Outcome 
(Discharge/ 
Died/ 
Euthanasia)  

Positive 
blood 
culture  Bacteria isolated 

1 Colt Anglo Arab Unknown 7 days 

Clostridium difficile 
enterocolitis and 
Bronchopneumonia 
(Actinobacillus sp.) Ambulatory yes no 2.8 80 39 7.5 Discharged Yes  Escherichia coli 

2 Filly  SB 350 24 NMS & Diarrhoea Recumbent no yes Discharged  No 

3 Colt  
American 
Paint 327 18 NMS Recumbent no yes 4 24 67 Euthanasia  No 

4 Colt SB 354 30 NMS Ambulatory no yes 3.8 73 52 7.4 Died 
Not 
examined 

5 Filly  TB 344 2 NMS Recumbent no yes 7.8 25 58 7.2 Discharged No  

6 Colt TB 345 6 days 
Clostridium difficile 
enterocolitis Ambulatory yes yes 1.7 86 34 7.2 Discharged No  

7 Colt QH 319 5 Premature & NMS Recumbent no yes 8 7.3 Discharged No  

8 Filly  SB 349 30 NMS Ambulatory no yes 2 73 55 7.4 Discharged  No  

9 Colt  SB 382 14 NMS Ambulatory no yes 3.7 70 48 7.4 Discharged 
Not 
examined  

10 Colt QH unknown 6 Orphan Ambulatory yes no 2.5 45 51 7.4 Discharged 
Not 
examined 

11 Colt TB 365 12 NMS & Diarrhoea Ambulatory no yes 3.1 45 59 7.4 Discharged No  

12 Colt 
Connamara 
cross  329 5 NMS Ambulatory yes no 2.4 52 44 7.4 Discharged 

Not 
examined  

13 Colt SB 368 6 Diarrhoea  Ambulatory yes no Discharged 
Not 
examined 

14 Colt 
American 
Paint 344 12 

Admitted with sick 
mare Ambulatory yes no 1.5 70 46 7.4 Discharged 

 Not 
examined 

15 Filly  TB 349 5 NMS Ambulatory yes yes 3.6 58 65 7.4 Discharged 
 Not 
examined 

16 Colt 
American 
paint 336 4 NMS Ambulatory no yes 1.2 80 44 7.4 Discharged No  

17 Filly  TB 344 11 days Septic arthritis Ambulatory yes yes  Discharged 
Not 
examined 

18 Colt TB 324 9 NMS Ambulatory no no 4.8 32 66 Discharged  No  

19 Filly  TB 334 5 Orphan Ambulatory yes no 1.7 7.4 Discharged 
Not 
examined 
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20 Filly  SB 346 36 NMS  Ambulatory yes no 7.1 50 53 7.3 Discharged Yes  
Klebsiella 
pneumoniae 

21 Colt SB 352 6 NMS Ambulatory no yes 4.2 88 39 7.5 Discharged 
 Not 
examined  

22 Colt SB 365 5 NMS & Diarrhoea Ambulatory yes yes 3.7 50 52 7.4 Discharged  No  

23 Colt SB  338 36 NMS & Diarrhoea Recumbent yes no 14 7.1 Discharged No  

24 Colt TB 343 4 days 
Clostridium 
perfringens Ambulatory yes no 1.6 62 48 7.4 Discharged  Yes  Micrococcus sp. 

25 Filly  Arabian 335 6 ALD Ambulatory  yes no Discharged 
 Not 
examined 

26 Filly  Clydesdale 3 NMS Ambulatory no yes 2.2 69 51 7.4 Discharged  
 Not 
examined 

27 Filly  TB 344 4 Dysmature & NMS Ambulatory no yes 11.8 74 44 7.3 Discharged No  

28 Filly  TB 328 7 NMS  Recumbent no yes 15.8 59 46 7.4 Discharged No  

29 Filly  TB 312 8 Premature & NMS Ambulatory no yes 2.9 7.6 Euthanasia  No  

30 Colt TB 335 24 NMS Recumbent no yes  8 64 55 7.3 Euthanasia  No  

31 Colt TB 352 6 days 
Neonatal 
Isoerythrolysis  Ambulatory yes no 5.9 37 7.5 Discharged No  

32 Colt TB 348 14 NMS Recumbent no yes 3.5 55 50 7.3 Discharged No  

33 Colt TB 336 48 
Clostridium difficile 
enterocolitis Ambulatory yes yes 1 76 44 7.3 Discharged Yes  Staphylococcus sp. 

34 Colt SB 337 12 NMS  Recumbent no yes 7.6 31 57 7.4 Euthanasia  Yes  
Alcaligenes 
faecalis 

35 Colt TB 343 16 NMS Ambulatory yes yes 4 63 51 7.5 Discharged No  

36 Filly  SB  351 3 NMS Recumbent no yes 15 85 25 7.4 Discharged No  

37 Colt Anglo Arab 40 Urachal rent Ambulatory yes no  1.8 65 50 7.4 Discharged Yes  Enterococcus sp. 

38 Filly  SB 345 2 NMS  Recumbent no yes  8.7 Euthanasia  Yes  Streptococcus sp 

39 Colt TB 306 7 Premature & NMS Recumbent no yes 1.9 66 51 7.4 Euthanasia  Yes  
Cellulosimicrobium 
cellulans 

40 Colt QH  339 0 NMS Recumbent no yes 15 6.8 Euthanasia  No  

41 Colt SB 341 18 NMS & Diarrhoea  Recumbent no yes 4.9 32 62 7.3 Discharged  No  

42 Filly  Friesian 316 18 
Diarrhoea & 
Hepatopathy  Ambulatory yes no 4.6 47 63 7.5 Discharged  Yes  

Staphylococcus 
aureus 



Supplementary item 5.3: Intragastric pH data collected from 42 foals that were presented to the ICU. 

Recording 
Duration 

Proximal Electrode Distal Electrode 

Foal Mean pH Min pH Max pH  % time <pH 4 Mean pH Min pH Max pH  % time <pH 4 

1 28.02 6.2 0.4 8.7 22.56 7.3 2.2 8.4 7.0 

2 26.41 6.5 0 14 4.48 6.6 0 10 3.4 

3 26.73 5.6 0.2 14 6.72 6.7 1.2 10 4.5 

4 4.82 5.2 0 14 7.81 4.2 0.8 8.4 19.7 

5 4.99 5.1 0.4 12.6 13.00 4.6 0 10 22.0 

6 36.19 0.9 0 13.3 57.48 2.3 0 9.9 52.8 

7 19.69 7.2 1.2 14 0.01 7.4 2.2 10 0.0 

8 24.94 6.7 0 14 1.97 5.0 0 10 32.6 

9 19.15 5.5 0.6 14 12.96 4.2 0 10 25.1 

10 26.34 7.7 4.7 11.1 0.00 7.8 4.6 9 0.0 

11 10.38 7.1 0 14 1.37 6.9 0 10 0.2 

12 30.46 5.6 0 14 5.46 5.2 0 10 6.6 

13 21.60 4.4 0 10.9 45.83 5.5 0 10 27.1 

14 2.12 1.9 0.1 13 99.65 1.2 0 9.8 81.6 

15 7.08 7.8 6.2 9.4 0.00 7.4 4.9 7.2 0.0 

16 0.66 6.1 5.8 13.4 0.00 6.3 5.9 6.8 0.0 

17 14.23 5.9 0.3 14 0.54 5.2 0.4 10 9.2 

18 35.99 6.7 3.6 10.8 0.54 7.5 3.6 10 0.0 

19 18.32 7.8 0 14 0.16 7.9 0.9 9.7 1.4 

20 9.05 5.8 3.3 10.1 3.16 6.0 2.9 10 11.0 

21 2.75 2.6 0 12.3 95.00 1.6 0 10 18.8 

22 17.43 6.0 0 14 7.21 

23 38.92 4.8 0.1 8 28.83 3.7 0 7.7 52.6 

24 25.41 4.4 0 14 35.10 4.8 0 10 43.5 

25 40.69 7.2 2.1 12.3 0.00 6.6 1.2 9.6 5.1 

26 22.67 6.5 2.6 13 4.63 7.0 1.9 9.9 6.8 

27 25.81 2.5 0 13.6 80.80 2.2 0 9.9 81.4 

28 23.59 5.3 0.6 13.3 13.07 2.8 0 9.7 73.4 

29 12.74 4.3 1.2 13.3 26.63 2.7 0.4 10 81.4 

30 8.14 5.9 0.7 14 0.11 6.1 0.1 10 2.4 

31 22.47 5.2 0.1 14 16.56 4.1 0.8 10 46.7 

32 25.26 7.3 0 11.4 0.09 6.5 0.1 9.2 10.8 

33 9.15 4.9 0.4 9 19.79 4.8 0 9 18.1 

34 9.84 5.1 1.4 6.4 0.52 4.8 0.1 6.2 9.7 
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35 3.93 4.4 0.6 13.7 37.22 5.3 0 10 18.5 

36 21.48 3.2 0.9 6.2 75.46 3.9 0 8.2 52.6 

37 3.29 6.3 0.6 10.2 0.05 5.8 3.9 9.3 0.0 

38 23.22 6.1 2.2 10.8 5.36 5.8 1.2 9.3 6.8 

39 30.76 5.9 1.5 14 5.85 3.7 0 10 61.2 

40 12.61 11.3 0 14 0.10 8.4 0 10 0.1 

41 22.91 4.1 0 12.8 49.43 3.8 0 9.8 51.2 

42 15.92 4.1 0 14 31.23 3.1 0 10 45.6 
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Supplementary item 5.4: Results of univariate analyses of associations between dichotomised clinical parameters (yes/no) 

and the outcome variables of mean pH and % time < pH 4, for both the proximal and distal electrodes. 

Clinical parameters 
collected at time of 
presentation 
(yes/no) 

Mean pH % time pH < 4 

Proximal 

electrode 

Distal 

electrode 

Proximal 

electrode 

Distal 

electrode 

P-value P-value P-value P-value

Acidosis 0.69 0.71 0.94 0.42 

Ambulatory 0.43 0.44 0.38 0.34 

Diarrhoea 0.15 0.52 0.02 0.23 

Dystocia 0.72 0.67 1.00 0.96 

Mare with evidence 
of placentitis 0.002 0.002 0.01 0.02 

Filly 0.63 0.86 0.68 0.49 

Hyperlactataemia 0.73 0.49 0.44 0.57 

Hypoxia 0.96 0.91 0.70 0.93 

Nursing 0.58 0.94 0.59 0.99 

NMS 0.43 0.85 0.58 0.92 

Premature 0.87 0.4 0.88 0.21 

Sepsis 0.83 0.8777 0.90 0.79 

Survival  0.41 0.8396 0.49 0.99 

< 24 hours of age at 
presentation 

0.51 0.5767 0.56 0.40 



Supplementary item 5.5: Results of univariate analyses of associations between clinical parameters (yes/no) and pH > 4 for >50% of the recording period (pH > 4>50) and pH >4 for >80% of the 
recording period (pH >4>80) as dichotomous variables (yes/no) for both the proximal and distal electrodes. 

Clinical parameters 

collected at time of 

presentation  

pH > 4>50 pH >4>80 

Proximal electrode Distal electrode Proximal electrode Distal electrode 

OR 95% CI  P-value OR 95%CI  P-value OR 95%CI  P-value OR 95%CI  P-value 

<24hours old 0.6 0.01-7.01 0.65 0.64 0.06-4.23 0.7 1.16 0.2-5.87 0.83 1.16 0.23-5.58 0.82 

Acidosis  0.81 0.08-10.9 0.61 0.37 0.06-2.15 0.25 0.85 0.18-4.2 0.80 0.61 0.14-2.7 0.52 

Ambulatory 1.77 0.13-18 0.74 0.64 0.06-4.23 0.7 0.35 0.03-2.14 0.28 0.42 0.06-2.16 0.31 

Diarrhoea 1.47 0.12-80. 0.61 0.57 0.09-4.41 0.66 0.15 0.02-0.78 0.02 0.33 0.05-1.74 0.15 

Dystocia  0.56 0.06-7.69 0.57 0.67 0.11-5.13 0.68 1.49 0.28-10 0.72 0.7 0.14-3.64 0.72 

Evidence of placentitis n/a n/a 0.83 n/a n/a 0.31 n/a n/a 0.08 n/a n/a 0.07 

Filly 0.82 0.08-

10.95 0.80 

0.66 0.11-4.05 0.7 1.36 0.29-7.58 0.74 0.61 0.14-2.7 0.52 

Hyperlactataemia 0.79 0.06-7.75 0.64 0.91 0.15-5.13 0.9 1.05 0.23-4.74 0.94 0.85 0.2-3.53 0.79 
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Hypoxia 1.94 0.2-25.79 0.83 0.91 0.15-5.13 0.9 1.63 0.36-7.6 0.52 0.85 0.2-3.53 0.79 

NMS 1.38 0.1-13.78 0.74 0.48 0.04-3.15 0.69 2.2 0.46-10.7 0.30 1.27 0.27-5.7 0.75 

Nursing 1.27 0.13-17 0.80 1.74 0.3-12.67 0.71 0.39 0.08-1.77 0.19 1 0.24-4.34 0.99 

Premature n/a n/a 0.44 0.24 0.02-3.91 0.2 0.42 0.03-6.43 0.58 0.19 0.003-

2.62 

0.28 

Sepsis n/a n/a 0.57 2.61 0.27-

132.8 

0.65 0.87 0.15-6.47 0.86 1.36 0.24-9.92 0.69 

Survival 0 0-4.86 0.56 1.23 0.1-9.2 0.82 0.27 0.005-

2.52 

0.40 0.46 0.04-3.1 0.45 



Supplementary item 5.6: Results of univariate logistic regression analyses of associations between continuous clinical parameters and the outcome variables pH > 4 for >50% of the recording 
period (pH > 4>50) and pH >4 for >80% of the recording period (pH >4>80). 

Clinical parameters 

collected at the time 

of presentation 

pH > 4>50 pH > 4>80 

Proximal electrode Distal electrode Proximal electrode Distal electrode 

OR 95% CI  P-

value 

OR 95%CI  P-value OR 95%CI  P-value OR 95%CI  P-value

Age at the time of 

admission 

1 0.94-312 0.91 1 0.99-1.02 0.73 1 0.98-1 0.44 1 0.99-1.01 0.82 

Albumin 1.11 0.87-1.43 0.4 1.24 0.99-1.55 0.06 1.05 0.91-1.24 0.5 1.05 0.9-1.21 0.56 

Blood glucose 1.24 0.83-1.85 0.29 1.12 0.86-1.46 0.39 0.85 0.66-1.04 0.14 0.58 

Calcium 16.3 0.35-771.71 0.16 7.69 0.26-

229.57 

0.24 4.82 0.33-

194.64 

0.32 6.03 0.27-137 0.26 

Chloride 0.91 0.78-1.05 0.19 1.02 0.91-1.15 0.75 0.86 0.72-9.77 0.05 0.92 0.82-1.03 0.17 

Creatinine 0.99

8 

0.996-0.999 0.04 1 1-1.002 0.84 1 1-1.001 0.54 1 0.999-

1.002 

0.55 

Fibrinogen 3.23 0.57-18.27 0.18 0.81 0.5-1.32 0.39 0.89 0.56-1.44 0.62 0.88 0.57-1.36 0.57 

Gestational age 0.97 0.91-1.03 0.36 1.04 9.86-1.1 0.14 1 0.95-1.05 0.99 0.99 0.95-1.04 0.82 
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Globulins 1.1 0.92-1.33 0.27 1.03 0.92-1.15 0.63 1 0.92-1.11 0.86 1 0.92-1.09 0.96 

Haematocrit 12.4

9 

0.0002-

958220.1 

0.66 0.3 0-738.45 0.76 0.39 0.0003 -

533.83 

0.79 56 0.02-

126865 

0.31 

Heart rate 1.03 0.98-1.08 0.33 1.02 0.98-1.06 0.33 1.01 0.98-1.05 0.40 1 0.98-1.04 0.51 

MAP 0.93 0.822-1.05 0.24 0.95 0.86-1.05 0.29 0.99 0.91-1.07 0.74 1 0.94-1.08 0.82 

Neutrophil 

concentration 

1.03 0.21-0.29 0.78 0.86 0.71-1.03 0.09 0.97 0.84-1.12 0.64 0.87 0.73-1.04 0.14 

PaCO2 1.31 1.04-1.66 0.02 1.1 0.99-1.22 0.08 1.1 1-1.23 0.06 1.05 0.97-1.14 0.2 

PaO2 0.81 0.67-9.73 0.03 1 0.91-1.02 0.23 0.95 0.89-1 0.07 0.99 0.95-1.03 0.55 

pH 0.92 5.39-1.57 0.98 4.2 1.67-1.05 0.61 0.2 0.19-5.03 0.6 0.67 3.44-1.28 0.88 

RBC  1.15 0.74-1.8 0.54 0.99 0.73-1.36 0.96 0.93 0.7-1.23 0.61 1.13 0.85-1.51 0.4 

Respiratory rate 1.01 0.96-1.06 0.77 1 0.96-1.03 0.77 0.99 0.96-1.03 0.66 0.97 0.94-1 0.06 

SAA 1 0.995-1 0.65 1 0.997-1.01 0.38 1 1-1.01 0.19 1 0.998-

1.007 

0.29 

Systemic lactate 

concentration 

0.91 0.75-1.11 0.37 0.85 0.71-1 0.06 0.96 0.81-1.14 0.62 0.9 0.77-1.06 0.22 

Temperature 1.01 0.92-1.11 0.79 1.1 0.78-1.53 0.59 1.02 0.63 1.03 0.92-1.15 0.61 
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Total protein 1.11 0.94-1.31 0.22 1.1 0.96-1.19 0.2 1.02 0.95-1.1 0.64 1.01 0.94-1.09 0.75 

Urea 0.98 0.76-1.27 0.90 1.1 0.84-1.32 0.64 1.03 0.86-1.25 0.78 1.04 0.87-1.24 0.69 

WBC 1 0.85-1.35 0.98 0.86 0.71-1.03 0.1 0.94 0.83-1.07 0.37 0.88 0.74-1.05 0.16 

Weight 0.95 0.86-1.05 0.36 1.03 0.97-1.11 0.34 1 0.93-1.05 0.72 0.99 0.94-1.05 0.75 

Sodium 1.03 0.009-1.19 0.69 0.94 0.84-1.04 0.22 0.99 0.89-1.09 0.77 0.95 0.87-1.05 0.32 

Potassium 1.24 0.38-4.03 0.72 1.49 0.53-4.2 0.45 1.35 0.65-3.77 0.5 1.38 0.62-3.05 0.43 



Supplementary item 5.7: Comparison of the distal electrode in the first recording period to the second recording period. 
There is no difference in mean pH or % time pH < 4 in the two recording periods. 



Chapter 6: Exegesis 
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Equine gastric ulcer syndrome (EGUS) is a common condition of the equine stomach,2,12,13  with the 

prevalence reported to be as high as 90% in racehorses, and a high prevalence has also been reported 

in other performance horses.15,44,45 With weak associations between clinical signs and the presence of 

EGUS being reported,16,24,46,47 a diagnosis of EGUS cannot be made on the presence or absence of 

clinical signs alone, therefore there is a high reliance on gastroscopy and subjective grading of EGUS 

within clinical and research settings. With such a high prevalence within performance horses, ensuring 

effective and easy treatment is an important industry consideration. There is uncertainty surrounding 

the pathogenesis of EGUS in foals. The role of intragastric pH in the aetiology of gastric ulceration in 

foals is uncertain. As such, the benefits of routine prophylactic administration of acid suppressive 

therapies to foals is unknown.   

This thesis has evaluated several aspects of EGUS in the adult horse and foals by examining grading 

systems for the characterisation of gastric ulceration, determining the pharmacological and 

physiological effects of two omeprazole products in adult horses, and by characterising the intragastric 

pH profile in neonatal foals admitted to the intensive care unit (ICU).  

6.1 The importance of assessing grading systems 

Diagnostic testing procedures often require subjective interpretation and classification or grading of 

disease severity. Ordinal grading systems are widely used throughout veterinary medicine to describe 

the extent or severity of various conditions, including lameness, neurological gait abnormalities, 

laryngeal function, heart murmurs and EGUS.4,133-138 These grading systems are approximate, 

subjective measures, and usefulness of the systems depends on repeatability and reproducibility.141 

Repeatability is the amount of variability when the same subject is graded by the same observer at 

different points in time, whereas, reproducibility is the amount of variability when the same subject 

is graded by two different observers.132 Therefore, repeatability is reflective of intraobserver reliability 

and reproducibility of interobserver reliability.131,132 Despite the widespread application of ordinal 

grading systems in veterinary clinical practice and research, determination of the repeatability and 
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reproducibility of grading systems is not consistently evaluated and reported.131 Within human 

medicine, large scale investigations of the agreement of ordinal classification scales are increasingly 

common, and variability between observers has been reported in many widely used grading 

systems.145 Throughout reliability studies, the terms agreement and reliability are often used 

interchangeably, however, these two concepts are different. Reliability can be defined as the extent 

to which measurements can be replicated, whereas, agreement can be defined as the degree to which 

scores or rating are identical.131,140 The term reliability is used within Chapter 3, as the statistical 

methods used better reflect consistency in grading, rather than exact agreement.  

The reported reliability of grading systems used within veterinary medicine is variable, ranging from 

poor to excellent.127,133,137,218 Although differences in reliability may reflect the actual variation in the 

repeatability and reproducibility of individual grading systems, confounding factors in study design, 

statistical methodology and reporting of results hinder the direct comparison of reliability studies. 

Consideration of whether a particular grading system has been assessed appropriately, through critical 

appraisal of the methodology used, is important.141 However, there are no guidelines for the best 

approach to assessing the reliability of ordinal grading systems. For example, there are no standard 

criteria outlining the required number of observers, subjects or observations that should be included, 

and there are no recommendations on the optimal spread of disease severity. Studies investigating 

the reliability of grading systems may include as few as two observers127 while other studies include 

five or more observers.133,137,218 The level of experience of the included observers has been 

inconsistently reported.137,219 

Despite the lack of information regarding the repeatability and reproducibility of grading systems used 

within veterinary medicine, grading systems are sometimes employed as a basis for comparison of 

clinical outcomes in studies investigating the efficacy of one or more clinical interventions, or 

tretaments.29,220 Failure to consider the reliability of a grading system can lead to clinical judgements 
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regarding treatments or intervention effects that are inaccurate and actually reflect the result of poor 

repeatability or reproducibility of the grading systems, rather than change in the clinical condition.  

It is also important to consider that, in the absence of a definitive diagnosis or ‘gold standard’ when 

assessing grading systems, reliability is being measured, not accuracy.  Accuracy of a grading system 

is the ability of the grading system to predict the actual severity, as measured by a definitive 

quantitative method.209 In Chapter 3, the reliability estimates were determined, as there was no 

comparison to a gold standard method of determining EGUS lesion severity.  

6.2 Grading systems for evaluating EGUS 

Currently, gastroscopy is the most accurate method to characterise the extent and severity of EGUS 

ante mortem.1 A number of grading systems have been proposed for EGUS.13,26,27,120  The grading 

system proposed by the equine gastric ulcer council (EGUC) in 19994 is the most widely utilised and 

recommended.1 It is a simple 5 point ordinal scale, and similar to ordinal scales used in other 

disciplines.133-138 Other proposed ordinal grading scales for EGUS attempt to incorporate a greater 

range of lesion severity as well as the number of lesions.13,26 The 11 point, ordinal grading scale 

described by Murray et al (1996), (Figure 2.6) was designed to provide more discrete categories for 

both glandular and squamous gastric mucosa and decrease ambiguity when observers are grading 

lesions.13 Testing of the reliability of this grading system has not been performed, so it cannot be 

determined if the increased availability of discrete ordinal grades resulted in improved reliability. The 

number/severity (N/S) scale proposed in 1997 also provided a greater number of ordinal categories, 

for lesion severity and for lesion size.26 This grading systems resulted in an observer providing four 

separate scores for individual horses and aimed to provide a more accurate indicator of EGUS severity 

with greater reliability.26 However, a comparison of the interobserver reliability between the (N/S) 

grading system and EGUC grading system demonstrated greater variability between observers when 

using the N/S grading system,127 suggesting that increasing the number of categories and complexity 

of ordinal grading scales does not result in increased reliability.  
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Chapter 3 introduced a novel visual analogue scale (VAS) in an effort to overcome limitations of ordinal 

grading of EGUS. The limitations of a 4 point ordinal grading systems to grade severity of EGUC have 

previously been discussed,26 and incorporating lesion size and severity into one grade may lead to 

over- or underestimation of EGUS severity,26 and does not result in improved reliability.127 These 

limitations can be highlighted in Figures 6.1 and Figure 6.2, which are examples of ESGD that were 

graded by observers to be grade 2 or grade 3 and in some cases a grade 4. These figures highlight the 

complexity of trying to categorise lesions that vary in depth, size as well as incorporate lesion number, 

as gastric mucosa with multiple lesions that appear less severe (Figure 6.2) often result in a similar 

grade to gastric mucosa where lesions that appear more severe (Figure 6.1). Due to the complexity of 

rating the number of lesions and the severity of lesions in EGUS, it was considered that a VAS could 

offer observers a more reliable and simple way to incorporate lesion size and lesion severity. Visual 

analogue scales have been established as reliable in a range of clinical and research applications, 

particularly within human medicine and psychology.197 The VAS in Chapter 3 was designed as a 10 cm 

line with words descriptive of the maximal and minimal extremes of the dimension being measured, 

as previously recommended.197 Intermediate points were not used in the VAS to avoid false clustering 

of scores around intermediate points or numbers.197 The 10 cm line was used as a 100 point 

continuous scale and data were used for estimation of observer reliability. The use of a VAS results in 

the collection of continuous data. The interpretive aspect of VAS allows the observers to rate on a 

continuous scale, rather than being restricted to categorical ratings, presenting a theoretical 

advantage for assessment of lesion severity. In other clinical contexts, the interpretive aspect of VAS 

allowed for detection of more subtle gait changes in lameness grading,221,222 and Chapter 3 explored 

if this occurred when grading gastric ulcers.   

Overall, there is very little understanding of the reliability of grading systems for EGUS. There has not 

been a thorough investigation into the interobserver or intraobserver reliability, or the influence of 

experience on reliability. Chapter 3 was designed to thoroughly explore reliability of the EGUC grading 
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system and the novel VAS, and to evaluate the influence of observer experience reliability of these 

grading systems.  

Figure 6.1: Images obtained during gastroscopy, demonstrated ESGD of the greater curvature along the margo plicatus. 

Figure 6.2: Images obtained during gastroscopy, demonstrated ESGD of the greater curvature along the margo plicatus 

6.3 Statistical assessment of grading systems 

6.3.1 Observer and subject selection  

When undertaking intraobserver studies over time, it is important to ensure there is consistency in 

the severity of disease in the subject that is being graded. Change within the subject over time can 

impact the results of the interobserver repeatability and reliability. Chapter 3 included pre-recorded 

gastroscopy videos, and videos were selected, by a technician who did not participate in observer 

study, to be representative of the entire spectrum of EGUS. The use of pre-recorded gastroscopy 
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videos, rather than real-time assessment of gastric mucosa at the time of gastroscopy was a limitation 

of this study. However, this method was considered necessary to ensure appropriate stratification of 

severity of gastric ulcerative lesions, as well as to ensure repeated evaluation of unchanged lesions. 

Although, within a clinical setting, watching a video recording of the gastroscopic examinations for 

grading is not commonly performed, examination of video recordings of the gastroscopic 

examinations and grading of squamous mucosa is commonly performed in research settings.10,11 The 

use of pre-recorded gastroscopy videos in Chapter 3 was the feasible study design for the investigation 

into the interobserver and intraobserver reliability of EGUS grading systems. This is not a novel way 

to approach repeated grading of gastric lesions, providing further justification of the methodology 

used within Chapter 3. The use of videos has been used within other observer studies, for the 

determination of interobserver and intraobserver repeatability,28,136,203,211,218 and good intraobserver 

repeatability using video recording has been demonstrated.28  

Appropriate stratification of severity of disease is important when recruiting subjects for assessment 

of grading systems. Depending on the statistical methods employed to determine reliability, the 

stratification or prevalence of observations within each category may cause bias, such as the paradox 

seen with Cohen’s kappa statistic.139,145 It has also been suggested that observers are more likely to 

agree when categorising severe disease, and there may be greater variability between observers when 

categorising mild to moderate disease.221,223 When grading severity of lameness on an ordinal scale (0-

5), observers had improved agreement when lameness was more severe.221 When lameness was 

moderate, the scoring system was neither reliable nor repeatable.221 A similar effect has been 

demonstrated in the ordinal grading scale used to measure severity of ataxia in horses. Considerable 

interobserver variability was demonstrated in a study whereby 75% of the horses included were 

considered normal or mildly affected, and most of the disagreement occurred in these two 

categories.223 There was little disagreement when examining moderately or markedly affected 

horses.223 These findings indicate that reliability of subjective scoring is greater when applied to 
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opposite ends of the ordinal grading system. Therefore, an appropriate investigation into the reliability 

of a grading system would include an even distribution of disease severity.  

Previous investigations into the reliability of grading systems have often included small numbers of 

observers26,137,223. Six observers were included within the study in Chapter 3: three specialists with 

experience in grading of gastric ulcerative lesions and three less experienced observers (residents in 

equine disciplines) were purposively selected to allow conclusions to be drawn on the possible effect 

of observer experience on the performance of the scoring systems assessed. For the results of studies 

to have statistical inference at the population level, observers should be sampled at random from a 

population of typical observers, and greater than three observers should be incorporated.224 

Observers are often selected by convenience, rather than as a random reflection of the population of 

observers being studied, which may also lead to selection bias and decrease the external validity of 

the study.  

6.3.2 Statistical Methodology 

The types of data utilised in clinical studies dictate the types of statistical analysis that can be 

performed. Data can be described as either quantitative (numerical) or qualitative (categorical) data. 

Quantitative data can be represented as continuous interval data or ratio data. Qualitative data are 

either nominal or ordinal data. Although numerical ordinal data are often used in grading systems to 

describe severity, such as the gastric ulcer grading system and laryngeal function grading system, the 

limitation with these data is that the interval or distance between each grade is arbitrary in terms of 

its clinical meaning, and thus, the data are qualitative.141 This is an important distinction, as it has 

implications on the statistical methodologies that can be applied appropriately to the data. 

Currently, very few statistical approaches exist for modelling these types of ordered classifications in 

population-based studies and for assessing whether characteristics such as observer training or 

experience exert an important influence on the consistency between observers.224 Because of a lack 

of available methods to study effects of observer and subject characteristics on agreement, many 
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research studies instead have elected to report several pairwise measures, using the kappa statistic 

or percentage agreement for selected subgroups of interest, leading to a loss of power and efficiency 

and complexity in interpretation.224 There are limitations when applying pair-wise comparisons with 

percent agreement statistics, as there is no accountability for chance agreement, an important 

consideration when assessing the reliability of ordinal grading systems.142,225 To overcome these 

limitations in statistical analysis, in Chapter 3, the reliability of the EGUC system was estimated using 

Gwet’s weighted agreement coefficient (AC2). In previous studies, Gwet’s AC2 statistics have been 

reported to provide accurate estimates of intra- and interobserver reliability for ordinal categorical 

scoring systems in human medicine.149,206,207 Gwet’s AC1 is a first-order agreement coefficient that is 

a paradox-resistant alternative to the kappa coefficient and adjusts the overall probability of 

agreement for chance agreement.142 The AC1 statistic is primarily for nominal data and can be used 

for any number of observers. The AC1 statistic is expected to be ineffective for evaluating the extent 

of agreement among observers on ordinal measurement scales. This is because when using ordinal 

ratings some disagreements are known to have greater magnitude of meaning than others, and 

agreement coefficients that assign different weights to different types of disagreement are 

desirable.142 The second-order agreement coefficient, Gwet’s AC2 statistic, is a weighted version of 

AC1 that adjusts for chance agreement and accounts for non-absolute agreement or partial 

agreement. The AC2 is recommended for analysing ordinal, interval and ratio data.142 The use of AC2 

statistic for calculation of reliability estimates in Chapter 3 was appropriate, and to the author’s 

knowledge, this is the first time that method has been used to estimate agreement of ordinal grading 

systems in veterinary medicine. The AC2 statistic was the chosen as it is paradox-resistant, and more 

accurate than other reported statistical methods, such as the kappa statistic, and it also allows for 

estimation of reliability across more than two observers.139 Cohen’s kappa coefficient is a commonly 

used chance-corrected statistical method to determine interobserver reliability, and has been used 

previously in the assessment of ordinal scale reliability within the veterinary literature.28,127,146 

However, Cohen’s kappa statistic is best suited for the analysis of nominal ratings.142 If categories can 
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be ranked from low to high, as in the EGUC grading system, the kappa coefficient could dramatically 

understate the extent of agreement among observers as any disagreement is treated as total 

disagreement and the results would be misleading.142,144 The weighted kappa coefficient does account 

for non-absolute or ‘partial’ agreement and is more appropriate for the assessment of ordinal data. 

However, the kappa statistic and the weighted kappa statistic are influenced by the prevalence of 

observations in each category.  A low number of observation in a category can lead to a paradoxical 

finding where finding where a low kappa coefficient is calculated despite good agreement.130,144,147 

This paradox is associated with the prevalence of observations within each category, as well as number 

of categories within the ordinal grading system, and therefore makes comparison of results from 

different studies difficult.144  

In Chapter 3, the intraclass correlation coefficient (ICC), a modification of the Pearson correlation 

coefficient, was used to estimate reliability of the novel VAS, as this is an appropriate method for 

measurement of reliability of continuous data.32  Calculation of ICC is susceptible to experimental error 

that can result in underestimation of reliability.142 Variability among subjects, as well as a low number 

of included subjects can all result in an artificially low ICC.40 A minimum of 30 subjects and at least 3 

observers are recommended when using ICC to assess the reliability of a grading system to avoid a 

bias and an artificially low ICC due to lack of variability of subjects or an insufficient number of 

observers.140 Chapter 3 included 60 subjects (gastroscopy videos) and 6 observers, minimising this bias 

and providing confidence in the reliability estimates calculated. There are several types of ICC 

calculations, all of which are dependent on the study design, these include; one-way random effects 

model, the two-way random effects model and the two-way mixed effects model.140  A two-way mixed 

effects model was selected as the most appropriate method40 for evaluation of VAS data in Chapter 3. 

Within this model, assumptions were that the subjects (gastroscopy videos) were randomly selected 

from the population.142 All observers graded all videos on three separate occasions. This study design 

ensured that all factors (subjects and observers) were independent, and provided appropriate 

statistical power for use of the ICC.142 In this study, a two-way mixed effects model, rather than a 
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random effects model, was considered appropriate. Only six observers were included (three specialist 

and three residents in equine disciplines) and these observers did not constitute a true random sample 

of the population of people that might commonly grade EGUS, and so the mixed effects model was 

suitable.42 The study design used in Chapter 3 thereby addressed all factors likely to artificially reduce 

the ICC determined in our study. Other statistical methods that could have been considered in Chapter 

3 for assessment of agreement in continuous data of the VAS included calculation of proportions of 

agreements or Bland-Altman plots.131 However, proportions of agreement and Bland-Altman plots are 

methods for determining agreement, and ICC is a measurement of reliability.140,142  

6.4 The influence of measurement systems (ordinal grading system verse continuous 

grading scale) on reliability 

Despite the potential for the collection of continuous data and the reported ease of use and benefit 

of grading severity on a continuum, rather than attempting to categorise severity, and the increased 

opportunity for the VAS to capture more subtle changes in disease severity, ordinal grading systems 

are more broadly implemented and used within veterinary medicine.133-137,141   

The EGUC grading scale has been used in clinical efficacy studies to demonstrate treatment effect of 

acid suppressive therapies, (predominantly omeprazole and ranitidine), based on the improvement of 

gastric ulcer scores with the EGUC grading system.6,128 Studies that used improvement in gastric ulcer 

score often had one investigator, blinded to treatment, who undertook the gastroscopic examinations 

and scoring:10,11,29 ulcers were graded and determined to have improved if the ulcer score had 

decreased by at least one grade.10,11 The use of the EGUC grading system is this way assumes perfect 

intraobserver repeatability. Chapter 3 demonstrated that the EGUC grading system reliability was 

greatest when experienced observers graded squamous mucosa. Experienced observers 

demonstrated excellent intraobserver reliability for assessment of squamous mucosa (mean AC2 .83; 

95% CI, .75-.92) and, based on the results of Chapter 3, this is the most reliable way to use the EGUC 

grading system. However, reliability was not perfect, and misclassification of grading occurred. This 
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can lead to concerns regarding the results of the studies where treatment for EGUS was reported as 

successful when an improvement of only one grade was demonstrated.   

In Chapter 3, there was considerable interobserver variability when using the novel VAS to grade both 

squamous and glandular mucosa. The interobserver reliability of the VAS used to grade squamous 

mucosa improved over the three observations, and the intraobserver reliability was greater than the 

interobserver reliability, suggesting that, although observers might have differing assumptions or 

interpretations of disease severity, they were able to apply these factors to the analysis of lesions in a 

consistent manner. The ICC in phase 3 of the interobserver study using the VAS to grade squamous 

mucosa was greater than the mean interobserver ICC for squamous mucosal lesions (Figure 3.4 and 

Table 3.2), which highlights that the interobserver reliability can improve with time. This study did not 

explore the improvement of intraobserver reliability over time, but this warrants further investigation 

if the VAS method is to be applied for EGUS grading. The improvement in the interobserver reliability 

may reflect conditioning of observers to the VAS and increasing familiarity with the system. Previously, 

consistency between observers using a VAS has been improved by consensus meetings203 and by the 

use of guide points (anchors) adjacent to the scale.195 Further investigation into the value of training 

clinicians in the use of VAS to achieve consensus on the relative importance of different factors (such 

as lesion size, lesion depth or lesion number) that should be evaluated when grading EGUS is required. 

The improvement of interobserver reliability with repeated utilisation of the system by observers also 

warrants further investigation. The results of this study suggest that inter- and intraobserver reliability 

of grading squamous gastric mucosa with the VAS could be improved with these techniques. human 

medicine, a VAS was demonstrated to be a simple method and useful tool in the prioritisation of 

patients listed for elective general surgery.226 Used in this way, the VAS was easy to complete and less 

time consuming than other grading systems; however, the VAS was subjective and prone to large 

variability among clinicians.226 Interobserver variability when using the VAS has been demonstrated 

when used for assessment of lameness,221,222 with one study demonstrating a lack of agreement 
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between residents and board-certified surgeons with an orthopaedic interest.221 This may reflect the 

ways in which experienced observers used the 10cm line, compared with less experienced observers. 

While the outcomes of the ICC and AC2 cannot be directly compared, the ordinal EGUC grading system 

demonstrated greater interobserver and intraobserver reliability when compared with the novel VAS 

in Chapter 3. The proposed benefits of a continuous grading scale did not result in improved reliability. 

The increased reliability of the EGUC grading system when compared to the VAS cannot be accounted 

for by previous experience in using the EGUC grading system clinically, and the complete lack of 

previous exposure to the VAS. There was minimal influence of experience on the interobserver or 

intraobserver reliability of the EGUC system. Within the group of less-experienced observers, 2 of the 

3 observers had no previous experience in using the EGUC grading system. The experienced observers 

were all specialists in equine internal medicine, with extensive clinical and research experience in 

using the EGUC grading system. Chapter 3 highlights that the interobserver and intraobserver 

reliability of the EGUC system is not influenced when used by observers unfamiliar with the grading 

system, or by observers experienced using the system.  

6.5 Grading glandular mucosa 

There are minimal data on the reliability of grading EGGD on an ordinal scale.1 Previous 

recommendations for use of a quantitative grading system have recently been replaced with a 

qualitative grading system, which describes the anatomical location and the appearance of the lesions 

that can be visualised endoscopically.1,78 The clinical relevance of the different manifestations of 

glandular disease are yet to be evaluated, although there is variation in the histological appearance of 

glandular lesions, which can also be appreciated endoscopically.1 It appears that subjective visual 

assessment of severity and the histopathological appearance of the glandular epithelium and mucosa 

might correlate poorly.120 Currently, it is not recommended that the appearance of lesions on the 

glandular mucosa can be reflected in a hierarchical grading system such as that used for ESGD.1 As 

there is little understanding of the pathophysiology of EGGD, or the risk factors for the development 
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of disease, or the clinical importance of observed lesions.1,78 The poor reliability of VAS when grading 

glandular mucosal lesions in Chapter 3 might reflect the current lack of understanding of the clinical 

importance of glandular pathology or the progression of this disease. The variability of the 

gastroscopic appearance of EGGD has been discussed, and the clinical importance of the appearance 

of different glandular lesions is unknown.1,78,79 Aside from the lack of understanding surrounding the 

clinical importance of EGGD, there is also uncertainty surrounding the difference in gastroscopic 

appearance reflects severity.1,79 Difference in clinician experience and opinion on the importance of 

individual glandular gastric lesion may be reflected in the marked variability of the grading using the 

VAS.  While interobserver reliability of the VAS used for grading squamous gastric mucosa improved 

over time, there was no improvement in the use of the grading system for glandular lesions. The less 

experienced observers had poorer reliability than the experienced observers, particularly in Phase 2 

(Chapter 3, Figure 3.5). The EGUC grading system might have performed better than the VAS for 

grading lesions as the observers, particularly less experienced observers, found it easier to grade 

glandular lesions within the confines of strictly defined categories as it required less contemplation of 

clinical importance or severity, but simply the presence of the criteria of that grade. The severity of 

glandular lesions in gastroscopy videos available for inclusion may have also influenced the reliability 

within Chapter 3, as the EGGD lesions included were mild to moderate, and there were few instances 

of marked or severe disease.  

6.6 Interpretation of estimates of reliability 

6.6.1 Benchmarking  

The use of benchmarking reliability coefficients allows for practical application and interpretation of 

results, and comparison between reliability studies of grading systems.140,142 Landis and Koch (1997) 

provided one of the most widely-used benchmark scales among practitioners.227 This benchmark is 

generally recommended for the kappa statistic.227 Application of only the reliability coefficient to 

determine the benchmark often leads to an overly optimistic characterisation of the extent of 
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reliability, hence the margin of error associated with the reliability coefficient should also be included 

in interpretation of the results.140,142 Two benchmarking scales were used within Chapter 3: one 

applied to results of the AC2 statistic and the other applied to results of the ICC. The use of these 

benchmarking scales highlighted that the two statistical methods, reflective of the different data 

collected, cannot be directly compared. The benchmarking scales applied were those recommended 

for the two statistical methods used. The Landis and Koch kappa benchmark scale was adapted to the 

results of AC2 for the EGUC grading scale,142,227 while the benchmark scale for the ICC applied to the 

VAS, was adapted from Koo et al (2016). 

6.6.2 Confidence intervals 

In Chapter 3 of this thesis, all measures of reliability, for both grading systems, had wide 95% 

confidence intervals (CI). A sample mean provides a single estimate of the specific value of the 

parameter in the basis of the observed value of the statistic. The CI is the range within which there is 

95% confidence that the true population mean will lie. The CI provides an indication of how much an 

estimate of central tendency (mean or median) will vary in different samples randomly taken from the 

population.210 For given level of confidence, the narrower the CI, the greater the precision of the 

sample mean as an estimate of the population mean.209,210 Although CI is reflective of precision, it does 

not convey accuracy.209,210 The width of a CI can be influenced by the variability within the population 

and sample size. The wide confidence intervals observed for the estimates of reliability of the VAS 

could reflect a large amount of variability in grading between observers, as the width of the CI is 

related to the variance of the sample scores on which it is calculated.209  If this sample variance can be 

reduced, the CI will be narrower, reflecting the greater precision of the individual measurements. This 

is demonstrated in Figure 6.3, where forest 1 has a large amount of variability in tree height compared 

with forest 2, and this is reflected in the CI width. The results of small studies are subject to more 

random error and estimates of central tendencies are typically imprecise, leading to wide CI. This is 

demonstrated in Figure 6.3 and Figure 6.4, where the CI for the same population becomes smaller 

with increasing sample size. Therefore, a wide CI may indicate that more data should be collected 



170 

before anything very definite can be said about the results.209,210 Within the study of Chapter 3, the 

small number of observers may have increased random error and resulted in more imprecise 

estimates of reliability, reflected by the wide 95% CI. Although the inclusion of six observers is more 

than previously reported in other reliability studies,26,127 more observers may be required to reduce 

the width of the 95% CI.  

When comparing the reliability coefficients in Chapter 3, either between observers in intraobserver 

assessments, or over phases in interobserver assessments, there was overlap in the 95% CI, which 

reflects uncertainty as to whether there is a true difference (e.g. Chapter 3 Figure 3.3). Conversely, a 

lack of overlap in 95% CI increases the likelihood of a difference in results, such the improvement in 

the interobserver reliability of grading squamous mucosa with the VAS demonstrated in Chapter 3 

Figure 3.4.  

Figure 6.3: Image from Sim et al (1999) demonstrating the effect of sample size of on 95% confidence interval width. With 
increasing sample size there is decreased width of the 95% confidence interval.209 

Figure 6.4 Image from O'Brien et al (2016) demonstrating the impact of population variability and sample size on confidence 
interval width.228 

Figure obtained from: 

Sim J & Reid N. Statistical Inference by Confidence Intervals: Issues of 
Interpretation and Utilisation. Physical Therap. 1999;79:186-195 

Figure 1 Means and confidence intervals of years of qualified experience 
for progressively larger samples of physical therapist drawn from a 
single population.  

Available at https://doi.org/10.1093/ptj/79.2.186 

Figure obtained from: 

O’Brien SF & Qi Lan Y. How do I interpret confidence interval? Transfusion. 
2015;56:1680-1683 

Figure 1 Impact of variability of data and sample size on 95% Cis. The 
width of the 95% CI decreases with less variability in the sample and 
with increasing sample size. Forrest 1 = lots of variability in tree 
height.Forrest 2 = less variability in tree height.   

Available at https://doi.org/10.1111/trf.13635 
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6.7 Contributions of the research to scientific literature: Chapter 3 

Chapter 3 of this thesis is the most comprehensive investigation of the interobserver and 

intraobserver reliability of the EGUC system for scoring the endoscopic appearance of EGUS. There 

was a greater number of observers included within this study, and a greater number of subjects 

(gastroscopic videos) then has previously been described.26,127 This is the first time that the influence 

of experience on interobserver reliability has been investigated when using the EGUC system. This is 

also the most thorough investigation of the intraobserver reliability of the EGUC grading system. The 

use of the AC2 statistic has not been used previously to estimate reliability of veterinary ordinal 

grading systems. Overall, Chapter 3 demonstrated that the EGUC system had substantial interobserver 

and intraobserver reliability for grading of both squamous and glandular mucosal lesions, and 

reliability was minimally influenced by experience. This has implications when int;erpreting results of 

clinical studies that employ the EGUC grading system to document change in EGUS severity. Changes 

of only one grade in clinical or research settings should be viewed with some scepticism, as the results 

of Chapter 3 demonstrated that intraobserver reliability of the grading system was not perfect. These 

results also have implications if multiple clinicians are repeating gastroscopic examinations on one 

individual to assess change in EGUS severity.  The reliability of the VAS was more variable, with poor 

reliability for grading glandular mucosa, and was influenced by observer experience and familiarity 

with the system. The results of Chapter 3 support the use of EGUC grading system over the VAS in 

clinical and research settings. The current recommendation is that both the ESGD and EGGD are 

graded at the time of gastroscopy to determine severity and allow for monitoring of progression. A 

final consideration is there is no gold standard for detection of EGUS or determination of severity, 1,2,4 

and the EGUC grading system cannot be compared to a qualitative measurement for determination 

of accuracy. Chapter 3 did not attempt to determine the accuracy of the EGUC grading system, or the 

novel VAS, but rather attempted to determine the precision of these grading systems.    
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6.8 Omeprazole pharmacokinetics and pharmacodynamics 

The pharmacokinetic parameters for omeprazole in Chapter 4 were similar to results of previous 

studies in horses.10,29,30,36,128 Absorption following oral administration was rapid, with Tmax observed 

within 60 minutes of ingestion for both novel, in-feed enteric-coated (NOV) omeprazole product and 

the commercially available enteric-coated (REF) omeprazole product. Rapid absorption of omeprazole 

following oral administration has been demonstrated within other species, including humans.213,214 It 

has been reported that the absorption of enteric-coated omeprazole formulations may have slower 

absorption than buffered formulations in humans,213 but this has not been demonstrated in the horse 

and was not investigated in Chapter 4.162 Plasma concentrations were greater for NOV, consistent with 

the higher dose administered compared to REF. The bioavailability was consistent with previous 

reports in horses162 and other species.214 The bioavailability of NOV was approximately 50%, and 

greater than REF in the majority of horses. This observation may reflect the greater dose rate 

administered.214,215  Measurement of plasma omeprazole concentrations following multiple or varying 

doses of the same preparation would be required to better evaluate this possibility. Both AUC and 

Cmax have been demonstrated to be higher with increasing doses of orally administered 

omeprazole.32,169 Omeprazole may display concentration-dependent elimination kinetics,215 but 

differences were not consistently observed between NOV and REF, despite the disparate dose rates 

administered and the greater plasma concentrations observed for NOV. In Chapter 4, elimination half-

life of omeprazole after administration of both oral preparations was similar, as has been described 

previously.36,153 213,214,216 As well as the similarity between the two oral products, elimination half-life 

of omeprazole was similar following IV administration and oral dosing within Part 1. Despite the rapid 

plasma clearance of omeprazole demonstrated in Part 2 and Part 3, treatment was associated with 

protracted suppression of gastric acid secretion in both Part 1 and Part 3. This has previously been 

reported in horses,163  and is due to irreversible binding of omeprazole to the ATPase enzyme on the 

parietal cell, such that acid secretion is suppressed until enzyme re-synthesis.  
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Improved bioavailability was not demonstrated in Chapter 4 after repeated daily administration with 

either REF or NOV. Increased bioavailability and AUC with repeated daily administration of oral 

omeprazole was first reported by Andersson et al (1990),164 and it was postulated that this may be 

due to decreased drug degradation following oral administration due inhibition of gastric acid 

secretion (increased in intragastric pH).164 In humans, increased bioavailability and subsequent 

increased AUC seen in repeat daily dosing has also been proposed to be associated with decreased 

first-pass elimination.164 Omeprazole binds to cytochrome P-450 in the liver, which may limit 

metabolism of drugs, including the omeprazole, leading to decreased elimination.164 This speculation 

has not been demonstrated in human pharmacokinetic studies, and repeated dosing does not result 

decrease the elimination half-life; however, omeprazole is quickly degraded into metabolites, making 

true calculation of elimination half-life difficult.164 A cumulative effect of dosing has been 

inconsistently reported in horses, and may be also influenced by diet. An increased AUC after 5 

consecutive daily administrations of oral omeprazole was reported in horses fed a diet high in grain 

and low in fibre, but not in horses fed a diet of hay.169 Although absolute bioavailability following 

repeated administration was not determined in the current study, plasma concentrations of 

omeprazole following daily administration for six days (Day 5) in Part 3 were not increased relative to 

Day 0, suggesting that bioavailability was similar on both occasions, and not improved by repeated 

daily administration. However, the lack of improved bioavailability associated with repeated dosing 

could also be attributed to the success of the enteric-coating in protecting the omeprazole from 

degradation within the acidic environment of the stomach. Appropriate protection of omeprazole 

would mean that increased intragastric pH would not result in decreased omeprazole degradation in 

the stomach. However, this was not investigated in Chapter 4.  

Despite differences in dose rate, and subsequent difference in bioavailability and AUC, both products 

demonstrated similar beneficial effects on gastric pH, with no difference in percent time pH <4 and 

mean pH between the two oral products. The pharmacodynamic target for treatment of GERD in 

humans, which is similar disease process to ESGD in horses, is for percent time pH <4 to be <60%. Both 
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products reached this treatment target. The gastric fluid pH was not different in the acclimatisation 

and wash-out periods, and pH was <4 for approximately 60% of the 24 hour period in untreated 

horses. This gives confidence that the length of washout was sufficient to attribute changes in phase 

2 to the effect of omeprazole administration.  

6.9 Contribution of research to the scientific literature: Chapter 4 

Chapter 4 introduced a novel, in-feed omeprazole product, which proved to be a suitable alternative 

to a commercially available product, with bioequivalence demonstrated for pharmacodynamic 

parameters. The novel enteric-coated omeprazole in-feed preparation used in this study was readily 

consumed by horses included in the study. With a high prevalence of EGUS in performance 

horses,14,15,102,229 many horses require treatment of EGUS. The current recommendations regarding 

length of treatment by the EGUC is a minimum of 4 weeks.1 However, there is a recommendation that 

horses that are stabled, in high intensity work, or fed diets that are high in soluble carbohydrates 

should be maintained on long-term administration of omeprazole as a prophylaxis or prevention.33 

The ability to freely offer omeprazole in a small quantity of feed, as demonstrated within Chapter 4, 

is an important contribution to the industry. It provides a less invasive way for horses to be 

administered omeprazole, particularly in animals that are refractory or oral medications.   

Chapter 4 of this thesis also contributed to the body of literature regarding the pharmacokinetics and 

pharmacodynamics of enteric-coated omeprazole in the horse. There have been studies exploring the 

pharmacokinetics,32,129,158,169 pharmacodynamics and efficacy of buffered preparations of omeprazole 

in the horse, but fewer studies on enteric-coated preparations.36,162 Chapter 4 provides a solid 

foundation for further investigations into the efficacy of NOV, as well as how feeding and diet impacts 

the bioavailability.  It also establishes the use of PD measures of bioequivalence, which is important 

for pharmaceuticals where the physiological response is not necessarily predicted by plasma 

concentrations.  
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The effects of omeprazole administration on squamous ulceration were assessed after repeated daily 

administration in Part 3. However, Part 3 of Chapter 4 was not designed as an efficacy study. All horses 

included in phase 3 had naturally occurring EGUS, although the severity of EGUS was mild (Figure 4.6). 

Although a reduction in gastric ulcer scores was observed following the repeated administration of 

both NOV and REF, clinical efficacy studies require a randomised controlled clinical trial with 

recruitment of horses with naturally occurring disease, longer treatment intervals (21 days) and the 

inclusion of controls.10,11,27,170 The inclusion of only mild disease, as well the lack of appropriate control 

horses (i.e. untreated horses with spontaneous disease) could result in over interpretation of the 

healing of ESGD in Chapter 4. These findings support further clinical efficacy studies of this novel, in-

feed, enteric coated product for the treatment of ESGD. However, the efficacy of enteric-coated 

omeprazole on the healing of naturally occurring ESGD has been established,10,29,128 and the 

bioequivalence with a commercially available enteric-coated omeprazole product demonstrated in 

Chapter 4 leads to confidence that the novel, in-feed enteric-coated omeprazole product will be 

effective in the treatment of ESGD. 

In Chapter 4, the NOV product was administered at 2mg/kg, in comparison to the REF product, which 

was administered at 1mg/kg. Despite differences in dose rate and preparation, both products 

demonstrated similar beneficial effects on gastric pH. There continues to be some debate within the 

literature regarding the appropriate dose of omeprazole formulations for the treatment of 

EGUS.10,29,158  Based on the currently available literature, it has been recommended that enteric-

coated preparations of omeprazole be administered at the dose 1mg/kg.1 Within the dose titration 

study of Chapter 4, only the 2mg/kg and 4mg/kg were assessed, and smaller doses (e.g. 1mg/kg) were 

not included. A dose-dependent effect was not demonstrated in Chapter 4, with the 4mg/kg dose 

demonstrating the same effect on percent time pH <4 as the 2mg/kg dose. This may reflect maximal 

dosing effect, with pharmacodynamic responses being close to maximal and complete inhibition of all 

parietal cell acid secretion at both dose rates. The relationship between plasma concentration and 

parietal cell function was not explored in Chapter 4. The investigation of pharmacokinetics and 
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pharmacodynamics on different days prohibited a true investigation into this relationship. However, 

the results of Chapter 4 suggest that a lower dose of NOV, such as 1mg/kg used for other commercially 

available enteric-coated omeprazole products, warrants investigation.  

The in-feed method of administration of NOV does lend itself to the administration or dosing within a 

larger quantity of feed. The consumption of a small amount of food during drug administration did 

not adversely affect drug absorption in Chapter 4, however, the effect of a larger amount of feed was 

not investigated, but does warrant further consideration. The bioavailability and AUC of NOV at the 

dose of 2mg/kg might be favourable for administration with feed, and warrants investigation. Feed 

has been inconsistently reported to have a negative impact on bioavailability in the horse with earlier 

studies demonstrating an increase in AUC with fasting,32 but this has not been demonstrated in 

subsequent studies.36,172 It is commonly recommended that omeprazole should be administered 2 

hours prior to feeding. Diet has been demonstrated to have an effect on AUC and Cmax with increased 

AUC and Cmax greater in a hay diet than a high grain low fibre diet and in fasted horses.32,169 Diet has 

also been speculated to influence the amount of individual variation in bioavailability, with 

bioavailability reported to be lower, but more predictable in horses fed a hay diet.169  

6.10 Monitoring of gastric pH in the adult and the neonate 

The methods used to measure intragastric pH in Chapter 4 and Chapter 5 were similar. In Chapter 4, 

continuous intragastric pH determinations were performed using modified antimony pH electrodes, 

which were seated within a narrow bore nasogastric tube and coupled to a data logger. The pH probe 

and NGT were placed via endoscopic guidance and probe placement within the gastric fluid was 

confirmed prior to endoscope removal, and the tube was sutured to the external nares. This method 

was modified for Chapter 5, where prior to placement, a calibrated disposable antimony pH probe 

with two electrode 5cm apart was placed in the lumen of an NGT. The NGT was placed in the foal using 

a routine approach, and determined to be in place when gastric fluid could be aspirated through the 
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NGT, or abdominal radiography confirmed the NGT and pH probe within the gastric lumen. The 

methods described in Chapters 4 and 5 of this study are similar to those of other studies.39,112,128,129  

The measurement of intragastric pH measurement in the horse is most commonly performed to 

determine the pharmacodynamic outcome of administration of acid-suppressive medications.129,158 

The pH of gastric secretion has been determined previously by collection of samples from gastric 

cannulas,32,35,151 aspiration of gastric fluid via endoscopy or nasogastric intubation,65,85,129 or indwelling 

nasogastric pH probes.9,129,156 Continuous pH measurement with in situ pH probes is considered the 

optimal and most reliable way to determine gastric fluid pH in human patients.48,217 The aspiration of 

gastric fluid and pH measurement with litmus paper or bench top pH meters has been demonstrated 

to be correlated with intragastric pH measurements, but the two measurements are not identical.217 

There is a lack of confidence in the placement of indwelling pH probes within horses, as knowing where 

the location of the pH probe is located in relation to ingesta, fluid and the gastric mucosa is largely 

unknown.150  Anatomic, physiologic and dietary factors might differentiate monitoring of pH in horses 

in comparison with studies in humans, where bipedal stance and patient compliance might affect 

probe position and retention. Stratification of gastric content has been described in the horse, with 

recorded pH lower in the ventral fundus when compared with the dorsal fundus:52 although a pH 

probe is appropriately located within the stomach lumen, it may not be recording the pH of gastric 

secretions. The combination of gastric fluid aspiration through the nasogastric tube described in 

Chapter 4 was used to maximise the ability to obtain pH data, as it was not possible during recording 

to demonstrate that the probe remained within the ventral gastric fluid throughout the entire 24 hour 

recording period, as has been previously reported.129,150 The aspiration of gastric fluid allowed for 

comparison between the results of both methods. Within Chapter 4, the aspirated gastric fluid often 

had a pH recorded lower than the pH recorded by the indwelling pH probe at the same time. The 

method of aspirating gastric fluid for measurement of pH has previously been described in the 

horse,104 but this is not a continuous monitoring method, and is still subject to the same flaws as the 

indwelling pH probe, in that confidence in knowing the aspiration of fluid is from the ventral most 
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portion of the stomach and is reflective of secretion of gastric acid is impossible without gastroscopy. 

As both continuous pH measurement with indwelling pH probes and aspiration of gastric fluid through 

the nasogastric tube are subject to false readings or missing data, the simultaneous use of both 

methods allowed comparison of results, where values were available from both probe and aspirated 

fluid, the lower value was used. The lowest pH measurement was thought to be best reflective of 

gastric acid secretion, and as the aim of omeprazole treatment is to decrease gastric acid secretion, 

the lowest pH value is likely to best reflect treatment effect and ensure that treatment effects were 

not over estimated. Discrepancy between intragastric pH measured by an electrode, and by aspirated 

gastric fluid has been previously described.217 Within a study in human children, despite the different 

methods of measuring gastric fluid pH had differing results, there was a correlation between the two 

methods and a concordance of 77%. Although neither correlation nor concordance have been 

reported in this dissertation, the use of the two methods in this study ensured that the most accurate 

measurement of gastric acid secretions was recorded, and minimised the number of missing data 

points.  

It has been suggested that modified gastric cannulation techniques, that allow for placement of 

disposable antimony pH electrodes into the gastric lumen via the cannula, are superior because the 

location of the probes within the stomach is known. The percutaneous gastrostomy (PEG) method 

described by Sykes et al (2015) is similar to the gastric cannulation model previously described by 

Husted et al (2008) and Merritt et al (2003), however, the PEG is placed in the standing horse, negating 

the need for general anaesthesia.9,35,150,151 The effect of the permanent placement of gastric 

cannulation of normal gastric physiology, including the impact on gastric motility, has not been 

investigated and these techniques represent a high fiscal cost to researchers and high welfare cost to 

research animals. There are many factors that should be considered when determining the most 

appropriate methodology for continuous monitoring of gastric fluid pH. The studies that described the 

use of fistulas or cannulas in horses included a small number of horses for pharmacodynamic and 

efficacy studies,6,9,35,151 described invasive techniques that prohibit horses from being used as 
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performance horses, and there are permanent consequences of this methodology. While the 

methodology used to determine pH of gastric fluid in Chapter 4 had minimal welfare costs, sedation 

was necessary to permit NGT placement. The impact of the placement of an indwelling narrow bore 

NGT on gastric motility is unknown and requires further investigation, however this was considered 

to have less impact than the gastric cannulation methods previously described. As sedation may have 

transiently altered gastrointestinal motility and affected time to consume NOV, pharmacokinetic 

studies were not performed at the same time as pharmacodynamic studies, which precluded direct 

comparison of plasma drug concentrations and effects on gastric pH.  

The methodology used in Chapter 5 has been previously reported and is thought to have minimal 

impact on normal gastric motility or gastric physiology.39,41,51 The placement of indwelling nasogastric 

tubes in critically-ill neonates in the current study was consistent with clinical practice in most equine 

neonatal intensive care facilities, where nasogastric tubes are placed to facilitate nutritional 

management of systemically unwell foals.230 The gastric pH probe was positioned within the lumen of 

the NGT, with the distal portion of the probe extending beyond the NGT sufficiently for both 

electrodes to be in direct content with gastric contents, avoiding the risk of retrograde flow of saliva 

and consequent influence the pH readings. Although placement within the NGT and confirmation of 

probe location within the gastric lumen was performed for each foal in the study  by the aspiration of 

gastric fluid and/or radiographic confirmation, probe position could not be monitored continuously, 

and could not be precisely controlled in recumbent patients at all times. Factors such as patient death, 

probe breakage or malfunction of the data logger precluded 24 hours of continuous pH recording for 

some foals. The anatomical location of pH probes, although confirmed within the gastric lumen, 

Concurrent, intermittent aspiration of gastric fluid was not used in Chapter 5: it is more likely that the 

pH probes are reflective of gastric pH in foals than in the adult horse, as the foal stomach has a much 

smaller capacity and there is no large feed bolus within the foal stomach. Consequently, stratification 

of pH within fluid content was considered less likely.39,41,51,112 



180 

6.11 Clinical associations of intragastric pH in foals 

Chapter 5 aimed to identify clinical and clinicopathological parameters associated with intragastric pH 

in neonatal foals admitted to the intensive care unit (ICU). Determining associations between clinical 

and clinicopathological parameters recorded at the time of presentation and intragastric pH may help 

in identifying foals that are at risk of having prolonged periods of intragastric pH <4, and, therefore, 

may benefit from administration of acid suppressive therapies. An association was demonstrated 

between intragastric pH and a history of placentitis in the mare, diarrhoea, serum creatinine 

concentration, and arterial partial pressures of carbon dioxide (PaCO2) and oxygen (PaO2).  

Foals that had a presenting complaint of diarrhoea or had evidence of diarrhoea at the time of 

presentation had more acidic intragastric pH profiles. Gastric acidity has previously been suggested to 

be a protective mechanism against the development of diarrhoea secondary to bacterial colonisation 

of the gastrointestinal tract.40 However, in a study of hospitalised foals, gastric ulceration was 

positively associated with other forms of gastrointestinal disease, including diarrhoea,20 and although 

it was not possible to determine whether ulceration was a cause or consequence of other forms of 

gastrointestinal disorders, the authors speculated that ulceration might develop due to gastric acidity 

in addition to fluctuations in fluid and electrolyte balance, abnormal intestinal motility, intestinal 

inflammation and visceral pain.20 The speculation that gastric acidity is part of the pathogenesis of 

EGUS within this post-mortem examination study cannot be made, as gastric pH was not measured. 

While it is possible that the foals with diarrhoea included in Chapter 5 were at increased risk of gastric 

injury, given the acidic intragastric pH profiles, examination of the gastric mucosa was not undertaken 

to determine the presence or absence of gastric mucosal ulceration.  

A history of placentitis and evidence of respiratory insufficiency (decreased PaO2 and increased PaCO2) 

were associated with increased intragastric pH. These findings are suggestive of decreased parietal 

cell function. In humans and guinea pigs, the secretion of HCl represents normal physiological function 

of parietal cells, and is compromised by hypoxia, endotoxin and critical illness within in vitro models.231 
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The physiological impact of hypoxia, hypovolaemia or endotoxaemia on parietal cell function within 

the horse has not been explored. These findings suggest that, in fact, foals with respiratory 

insufficiency may be protected from increased gastric acidity. In the current study, decreased gastric 

acidity, evidenced by >50% recoding time pH >4, was associated with lower concentration of 

creatinine in plasma (median 675, range 129-1519 vs median 126, range; 60-1680). Interpretation of 

these results was difficult as increased creatinine in a neonate may be reflective of placental 

insufficiency, renal or pre-renal azotaemia. In Chapter 5, there was no association between other renal 

parameters and intragastric pH, and without further support of other measures of renal function, such 

as urinalysis results, no conclusions can be made regarding an association with renal function and 

intragastric pH. This finding was in contrast to the association between a history of placentitis and 

decrease intragastric pH, making it difficult to draw conclusions between placental insufficiency and 

intragastric pH.   

In our hospital population, and as previously reported,41 foals that survived to discharge had a lower 

pH for the duration of the recording (median hourly pH) when compared to foals that were subjected 

to euthanasia or died.  However, within this study, no difference in mean pH, % time pH <4 or AUC 

was demonstrated between foals that survived to discharge and foals that were subjected to 

euthanasia/died. The high survival rate in the current study (81%) likely influenced the results of 

hypothesis testing of associations between pH and survival, with an increased risk of type 2 error. The 

ability of surviving foals to secrete gastric acid is likely associated with improved tissue perfusion and 

organ function, or disease of lesser severity. This theory has been discussed by other authors,41 but 

has not been investigated. Alternatively, hospital practices for nutritional support of foals may include 

reduction of the frequency of feeding and increasing the volume of milk provided at each feed, as 

neonates respond to treatment. Consequently, increased gastric acidity might be associated with 

feeding practices in surviving neonates. Conversely, critically-ill neonates were more likely to have 

increased gastric alkalinity, consistent with impaired gastric secretory function or reduced 

parasympathetic tone and resultant reduction in parietal cell stimulation. Increased gastric alkalinity 
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might also be attributed to enterogastric reflux and gastric dysmotility.232 However, the study 

described in Chapter 5 did not explore the pathophysiology behind gastric acid secretion in neonatal 

foal and further research is required to determine the increased gastric alkalinity in this population of 

foals. The results within this study do not support the ability to predict survival based on measurement 

of intragastric pH measurement, and further investigation into the relationship between survival and 

intragastric pH is warranted.  

6.12 Contributions of research to the scientific literature: Chapter 5 

Previous investigations into the intragastric pH profiles of foals have focused on the efficacy of proton 

pump inhibitors or H2 antagonists in small groups of clinically healthy or hospitalised foals, rather than 

the intragastric pH profiles and possible clinical interactions.39,41,51 Chapter 5 is the first observational 

study of intragastric pH profile of foals admitted to the ICU, that does not explore the treatment 

effects of acid suppressive therapies. The results revealed that in the majority (69%) of foals presented 

to the intensive care unit, intragastric pH was >4 for >80% of the recording period and in 88% of foals 

the intragastric pH was > 4 for at least 50% of the recording period. Given that the threshold for healing 

of gastro-oesophageal reflux disease in humans occurs when gastric pH is >4 for over 60% of the 

time,37,233 the findings of Chapter 5 support previous speculation that administration of acid 

suppressive therapy (including omeprazole and rantidine) in foals admitted to the ICU may not be 

necessary.41 The results also demonstrated that there was great individual variability in intragastric 

pH, as was well variability within individual foals within the recording time.  This has been reported 

previously in neonatal foals.41 In Chapter 5, the mean hourly pH ranged from 0.9 to 11 and percentage 

of recording time pH was less than 4 ranged from 0 to 99%. In a subset of foals that underwent 2 

periods of intragastric pH measurement, there was no apparent difference between intragastric pH 

profiles at the time of admission when compared with profiles obtained after 48 hours of treatment, 

consistent with previous studies, demonstrating that intragastric pH profiles in foals change minimally 

in the first week of life.112 As such, protracted measurement of intragastric pH for periods of greater 
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than 24 hours is un-necessary when assessing pH profiles and need for acid-suppressive treatment in 

foals. 

Although the sample size in Chapter 5 was larger than previous studies of gastric pH in hospitalised 

foals,39,41 the modest number of recruited foals likely influenced the lack of retention of factors in the 

multivariable models of associations between clinical and clinicopathological associations and 

intragastric pH. In addition, the foals had wide variation in gestation and a broad spectrum of disease 

presentation and treatment regimens.  

This research provides a good foundation of the intragastric pH profiles of neonatal foals admitted to 

the ICU. However, the relationship between intragastric pH and the prevalence of gastric ulcerative 

disease within neonatal foals admitted to the ICU was not explored. The findings of this study suggest 

that increased exposure to acidic gastric contents is unlikely to be a predisposing factor to EGUS in 

neonatal foals admitted to the ICU. Further investigation is required to determine the role intragastric 

pH and other possible factors in the pathogenesis of EGUS in neonatal foals.   
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6.13 Overall conclusion. 

The research presented within this thesis has provided a valuable contribution to the scientific 

literature and the equine profession. The results of Chapter 3 provided information that will impact 

the interpretation of the use of the EGUC grading system within clinical and research settings, given 

the substantial intraobserver reliability of the system. However, intraobserver reliability is not perfect. 

This has implications when interpreting the change in EGUC grades assigned to gastric mucosal lesions, 

before, during and after administration of treatment and changes in husbandry procedures. 

Interobserver reliability was substantial, demonstrating that although observers used the grading 

system in similar ways, there is not complete agreement. This finding has implications in clinical and 

research settings when interpreting changes in EGUC grades assigned to mucosal lesions. The EGUC 

grading system was not influenced by experience, and performed well when grading glandular and 

squamous gastric mucosal lesions. The novel VAS introduced in Chapter 3 demonstrated highly 

variable reliability. Reliability was improved when the grading system was used by experienced 

observers, as well as with increased use of the grading system. The variability in reliability, between 

and within observers negatively impacted the usefulness of this grading system clinically.  

Chapter 4 introduced a novel, in-feed enteric-coated omeprazole product. This product is likely to 

have beneficial impacts for the industry due to ease of administration. The pharmacokinetic and 

pharmacodynamic investigations of this product, as well as the comparison to a commercially 

available enteric-coated omeprazole product, contribute to the existing literature of the 

pharmacokinetic and pharmacodynamic effects of enteric-coated omeprazole in the horse, and 

demonstrate the suitability of pharmacodynamic parameters for evaluation of bioequivalence in 

pharmaceuticals where plasma concentrations are not predictive of physiological responses. The 

bioequivalence of pharmacodynamic parameters demonstrated that this novel, in-feed, enteric-

coated omeprazole is an acceptable substitute for paste formulations of enteric-coated omeprazole, 

and likely to have similar efficacy for the prevention and treatment of EGUS/ESGD.  
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Chapter 5 provided further evidence against the indiscriminate use of acid-suppressive therapies in 

neonatal foals admitted to the intensive care unit. The majority of the foals included within this study 

had an intragastric pH of >4 for >80% of the recording time. Chapter 5 also demonstrated the 

variability of intragastric pH profiles in systemically-ill neonates, and the difficultly in predicting foals 

at risk of prolonged period of increased gastric acidity.  

The findings of this thesis have made important contributions to the body of knowledge on EGUS that 

have the potential to impact the practices of the veterinary profession within both clinical and 

research settings.  
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Appendix 1 

Results of grading glandular gastric mucosa and squamous gastric 

mucosa using the EGUC grading scale. 

The results submitted by each observer after each phase. 



Video #
Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3

1 2 2 3 2 3 3 3 1 2 3 2 2 1 1 1 2 1 2
2 2 2 3 2 3 2 1 1 1 2 2 2 2 2 1 2 2 2
3 2 2 2 2 2 1 2 0 1 1 2 1 1 0 0 1 1 1
4 2 2 2 2 1 1 2 1 1 3 2 2 1 1 1 1 1 1
5 2 2 2 3 2 2 1 1 1 3 2 3 0 1 1 2 2 2
6 0 1 0 1 0 1 3 1 0 3 3 3 1 0 0 1 1 1
7 0 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1
8 1 1 1 1 2 1 0 0 0 3 2 1 1 1 1 1 1 1
9 1 2 3 3 1 1 1 1 2 3 2 3 2 1 1 1 1 2

10 1 2 2 2 2 2 1 1 1 3 3 1 1 0 0 1 2 0
11 1 1 1 0 1 0 0 0 0 1 1 1 0 n/a 1 0 1 0
12 1 3 3 3 2 3 3 2 2 4 4 4 1 1 1 2 1 2
13 1 2 2 1 1 1 0 0 1 1 1 2 0 1 0 1 1 1
14 0 2 1 0 1 1 1 0 0 1 1 1 1 1 1 1 1 0
15 1 2 1 2 1 1 1 1 1 2 2 2 1 2 1 1 1 1
16 1 2 0 0 1 0 0 0 0 2 1 1 0 1 1 0 1 0
17 1 2 1 1 2 1 2 1 2 1 2 1 3 2 0 1 2 2
18 0 2 2 1 3 2 1 0 2 3 3 3 2 2 0 2 2 2
19 1 2 2 2 1 1 1 0 1 2 2 2 3 2 1 1 1 0
20 2 2 2 2 2 2 1 1 2 2 2 2 2 2 2 2 2 2
21 2 3 3 3 2 3 2 2 2 3 3 3 3 1 1 2 2 3
22 2 2 3 3 4 2 2 2 2 3 3 3 4 1 1 2 2 2
23 0 1 1 0 0 1 0 0 1 2 2 2 1 1 0 0 0 0
24 2 2 3 3 2 3 1 2 2 3 3 3 4 1 1 2 2 2
25 3 3 3 3 3 3 2 3 2 3 4 3 4 2 1 3 2 2
26 2 2 2 3 2 2 2 2 2 2 3 2 2 2 1 2 1 0
27 1 1 1 1 1 1 1 0 0 1 0 1 1 1 0 1 1 0
28 3 3 2 3 3 3 2 2 2 3 3 3 4 2 2 3 2 2
29 1 2 2 3 3 2 1 2 2 3 3 3 4 1 1 1 1 1
30 n/a n/a n/a n/a n/a n/a 0 n/a 0 1 0 1 n/a n/a 1 n/a 0 0
31 2 2 2 2 2 2 2 2 2 2 3 2 3 2 1 1 2 1
32 n/a n/a 0 n/a n/a n/a 1 n/a n/a 1 1 1 1 1 1 0 0 0
33 3 3 3 3 4 2 2 2 2 4 3 3 4 4 3 2 3 3
34 2 2 2 2 1 2 1 2 2 2 2 1 3 1 1 1 1 1
35 2 2 3 2 2 2 1 2 2 2 3 3 2 2 2 2 1 1
36 2 2 3 3 4 2 2 1 2 3 3 3 3 2 2 3 3 2
37 1 2 2 2 1 1 1 1 2 3 3 1 2 1 1 1 1 1
38 n/a n/a n/a n/a n/a n/a 1 0 1 1 1 1 2 0 1 n/a 0 0
39 n/a n/a n/a n/a n/a n/a 0 0 0 1 1 1 1 1 1 n/a 0 0
40 2 2 3 3 4 2 3 2 2 4 3 3 2 1 2 2 2 2
41 0 1 0 1 0 1 0 0 0 1 2 1 0 0 1 0 0 0
42 n/a n/a n/a n/a n/a n/a n/a n/a n/a 1 1 1 n/a 0 1 0 0 0
43 3 3 3 3 3 3 2 2 2 3 3 3 2 2 2 3 3 0
44 3 3 3 4 4 3 2 2 2 3 3 3 2 2 3 2 2 2
45 0 n/a n/a n/a n/a n/a n/a n/a n/a 1 0 0 n/a n/a 1 0 0 3
46 1 1 1 1 1 1 1 0 0 2 2 2 1 1 0 0 1 0
47 n/a n/a n/a n/a n/a n/a 0 0 n/a 1 0 1 n/a 1 2 n/a 0 1
48 2 2 1 2 2 1 1 2 2 2 2 2 2 1 0 4 2 0
49 1 n/a n/a n/a 1 1 1 0 1 3 1 2 1 1 2 n/a 0 0
50 n/a 2 n/a n/a n/a n/a 1 n/a 1 1 0 1 1 3 1 0 0 0
51 n/a n/a n/a n/a n/a n/a 0 0 0 1 1 0 1 n/a 2 n/a 0 0
52 n/a n/a n/a n/a n/a n/a 0 0 0 1 1 1 1 0 0 n/a 0 0
53 2 2 2 3 2 n/a 1 1 0 3 3 3 2 2 1 1 2 1
54 1 2 2 2 1 1 1 0 1 2 2 2 1 1 0 0 1 0
55 2 2 2 4 4 3 2 2 2 3 3 3 3 2 1 3 3 2
56 n/a n/a n/a n/a n/a n/a 1 n/a 1 1 1 1 3 3 3 0 0 0
57 n/a n/a n/a n/a n/a n/a 0 n/a 1 1 0 1 n/a 2 1 n/a 0 0
58 2 3 3 2 2 2 2 1 1 2 2 2 2 1 1 1 1 1
59 n/a n/a n/a n/a n/a n/a 0 n/a n/a 1 1 1 n/a 1 1 0 0 0
60 n/a n/a n/a n/a n/a n/a 0 0 n/a 1 1 0 0 0 1 n/a 0 0
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Video #
Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3

1 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 1 1 0
2 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1
3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 2 0 0 1 0 0 2 1 0 0 0 2 0 0 0
5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6 0 0 1 2 1 2 2 1 2 1 2 2 1 0 2 0 1 0
7 1 1 1 3 1 1 1 1 1 2 1 2 1 1 1 2 1 1
8 0 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1
9 0 2 2 3 3 2 0 0 2 1 1 2 0 0 0 1 0 0

10 0 0 0 1 1 0 0 0 1 1 1 1 0 1 0 0 1 0
11 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1 1 1 1
12 0 0 0 0 0 0 1 0 1 1 1 1 0 0 1 0 1 0
13 0 0 1 0 0 0 0 1 1 1 1 1 0 1 0 0 0 0
14 0 0 0 2 2 2 0 0 0 2 3 3 2 2 1 2 0 0
15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
16 0 0 0 2 0 n/a 2 0 1 2 2 1 0 0 1 1 0 0
17 0 0 0 2 0 0 0 1 1 0 1 0 1 0 0 1 0 0
18 0 0 0 2 1 2 0 0 1 1 1 0 1 2 1 0 0 0
19 2 2 2 3 3 3 2 2 2 2 1 2 2 4 0 2 2 2
20 0 2 2 2 2 2 1 1 2 1 1 1 3 1 1 1 1 1
21 0 0 0 1 0 1 0 0 1 0 2 0 0 0 2 0 0 0
22 0 0 0 n/a 0 n/a 0 n/a 0 0 0 1 1 0 0 0 0 0
23 0 1 1 n/a 2 2 1 1 1 2 2 2 2 1 2 2 1 2
24 2 2 1 4 3 3 1 2 2 2 2 2 4 2 2 1 2 2
25 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
26 2 2 2 1 2 2 2 2 2 2 3 1 3 2 2 2 2 1
27 2 2 2 3 3 3 2 2 2 2 3 2 2 1 2 2 2 2
28 2 2 2 1 3 3 2 2 3 1 1 3 4 4 1 2 2 1
29 0 0 0 2 2 2 1 1 2 0 1 1 4 2 0 0 0 0
30 0 2 2 3 2 2 2 2 2 2 2 2 n/a 1 1 2 2 1
31 2 3 2 4 4 3 3 3 3 3 4 3 4 4 2 3 3 1
32 0 0 2 3 3 3 2 2 2 2 3 3 2 2 0 2 2 2
33 0 0 0 0 3 1 0 0 0 2 0 2 1 3 3 0 0 0
34 1 1 1 2 2 2 1 3 3 2 2 1 1 1 1 1 1 1
35 0 1 1 3 3 2 1 2 2 2 1 2 1 1 2 1 1 1
36 2 2 2 3 3 3 2 2 2 2 3 3 2 3 3 2 2 1
37 3 3 3 4 4 3 2 3 4 4 3 3 4 4 2 3 1 2
38 1 1 1 2 2 2 2 1 2 2 2 1 4 1 2 1 1 1
39 1 2 2 2 3 2 2 2 2 2 3 2 2 2 2 1 2 1
40 0 0 0 0 1 2 0 0 1 1 1 0 0 0 0 0 0 0
41 1 1 1 2 3 2 1 2 2 1 2 1 1 1 1 1 1 1
42 0 0 0 n/a 2 3 2 1 2 1 2 1 1 1 1 1 1 1
43 2 2 2 3 3 2 1 2 2 3 3 2 2 2 2 2 2 2
44 2 3 3 4 4 3 3 2 3 3 4 3 2 3 3 3 3 2
45 0 0 0 4 3 3 2 3 3 2 3 3 0 2 3 3 3 3
46 3 2 3 4 4 4 4 4 3 1 3 3 1 2 1 3 3 3
47 3 2 3 4 4 3 2 3 3 3 4 4 2 4 3 4 3 2
48 3 3 3 4 4 4 3 3 3 4 4 4 4 3 2 1 4 3
49 0 0 0 3 3 2 2 2 2 1 3 2 2 3 2 2 3 2
50 1 3 3 4 4 4 3 3 4 1 1 1 4 4 3 1 2 3
51 3 2 3 4 4 3 3 3 3 3 3 3 3 n/a 3 2 3 2
52 2 0 0 2 3 2 2 2 2 2 3 3 0 2 0 2 2 2
53 3 3 3 4 4 3 2 3 3 3 3 3 2 2 3 3 3 2
54 3 3 3 4 4 4 3 3 3 3 3 4 3 4 4 4 4 2
55 3 3 3 4 3 4 2 3 3 3 3 3 3 3 3 3 3 3
56 3 3 3 4 4 4 2 3 3 3 4 4 4 1 3 3 4 3
57 1 3 3 4 4 4 3 3 3 3 3 3 2 4 3 3 3 2
58 3 3 3 4 4 4 3 3 3 4 4 4 2 3 3 3 3 3
59 1 3 3 4 3 4 2 3 3 2 3 3 2 3 3 3 3 3
60 2 2 2 3 3 3 2 2 n/a 3 3 3 2 2 2 2 2 2
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Appendix 2 

Results of grading glandular gastric mucosa and squamous gastric 

mucosa using the VAS. 

The results submitted by each observer after each phase. 



Video #
Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3

1 2.3 2 5.3 5.6 2.9 2.5 4.5 4.5 2.1 1.7 5.2 4.9 2.8 2 0.6 3.7 2 1.7
2 4.3 4.9 6.2 5.7 3 3.9 2.2 4.5 1.7 3.8 3.8 7.5 3.4 1.6 0.8 5.2 4.9 3.1
3 0.8 0 4.2 4.6 1.6 1.4 2.4 1.2 1.4 2.7 2.6 2.6 0 0.5 0.7 1.4 0.7 1
4 4.4 5.1 3.6 4.7 3 0.8 0.8 1.6 0.7 2.6 3.4 2.8 2.8 1.2 3.1 2.3 0.9 0.2
5 2.4 4.9 3.6 5.2 3.2 2.9 1.9 1.2 0.5 2.6 4.6 2.5 1.7 0.6 0.1 1 0.4 0.7
6 0 0 0 5.5 1.8 0.8 0.6 3.4 0.2 0.9 3.5 3.2 0.4 0.9 0.2 0.4 0.2 0.2
7 2.4 1.4 4.9 5.4 1.8 3.1 2.1 2.2 0.6 2.1 5.1 3.5 1.2 1.5 1.7 1.1 4.2 1.6
8 1.5 1.2 4.1 3.3 1.9 1.5 2.4 0.5 0.4 0 5 6.4 1.5 0.8 0.1 0.8 1.4 0.3
9 2.5 3.4 6.6 5.9 4.5 3.5 3.4 3 2.1 2.2 5.2 4.9 1.4 1.8 1.2 2.1 2.8 2.8

10 3.7 4.5 4.3 3.8 2.6 1.9 2.2 0.6 0.9 1.4 5.9 2.9 2.5 1.8 0.4 0.8 0.7 0.6
11 2.1 1.8 0.8 2 1 0.3 1.3 0.4 0.4 1.4 1.3 2.4 0.5 0.2 0.1 0.5 0.4 0.5
12 4.2 7 6.7 6.4 6.5 4.4 5.1 3.1 3.3 4 8.6 8.7 1.4 4.9 1.6 2.6 6.1 4.3
13 2.3 1.8 1.6 3.4 3.5 1 0.9 1.7 1 0.5 6 3 1.2 1.8 0.1 0.9 0.5 0.6
14 0.8 2 1.6 3.6 1.2 1 2.1 1.5 0.6 0.2 5.1 3.8 1.2 2.2 0.9 0.3 0.4 0.6
15 2.2 3 1.9 3.4 3.2 3.1 0.8 0.2 0.4 0.8 2.8 2 1.7 1.6 0.7 0.3 1 0.7
16 0 1.5 0 2.4 2 1.5 0.5 0.4 0.2 0.7 4.7 4 1.2 1.1 2.1 0.5 1.7 0.7
17 2 2.1 1.2 2.3 4.2 3.6 2.6 2.7 2 1.5 4.9 5.9 0.4 0.7 0.1 2.5 5 1.1
18 4.2 4.3 4 4.3 2.8 3.4 4.5 2 1.5 4.1 4.9 2.6 1 0.9 0.5 1.1 1.8 3
19 0.7 3.4 3.6 1.4 2.2 3.5 0.6 0.7 0.5 1.9 2.6 5.5 1.3 1.3 0.4 0.5 1 0.9
20 2.2 4.2 2.9 4.3 3.3 1.8 2.7 1 0.9 2.5 1.7 2.5 3.4 2.5 1.5 0.8 0.7 1.9
21 5.3 4.9 6.6 4.6 4.4 3.1 2.7 3.2 2.8 5.2 2.4 5.1 0.6 2.7 1.5 2.9 1.3 1.8
22 4.4 5 3.4 5.8 5.3 3.1 3.1 2.8 2.9 3.4 4 4.1 2.4 3.9 4.6 2.3 0.6 6.2
23 0 1 1.9 0.7 0.8 0.9 2 1 0.6 0.4 3.3 4.9 0.1 0.7 0.3 0 0.2 0.4
24 5 5.4 5.7 6.1 4.7 5.7 4.5 3.5 2.7 1.8 4.9 2.4 3.9 2.4 2.6 2.7 1.6 2.3
25 5.5 5 6.5 6.1 5 3.5 5.2 3 3.6 1.1 5.7 5 4.5 4.8 2.7 4.5 1.9 2.6
26 2.9 4.3 3 4.9 4.2 2.4 3.4 2.2 1.6 2.6 3.7 2.3 3.8 0.8 0 0.5 0.4 1.6
27 0.8 1.6 2.2 2.3 1.9 1.3 1.2 0.5 0.3 3.8 4.1 3.1 0 1.7 0.4 0.2 0.3 1
28 4.9 4 4.9 5.6 4.8 3.8 5.9 4.5 3 6.7 3.7 5.2 4.9 2.4 1.9 2 4.9 3.5
29 2.3 3.7 3.2 5 3.4 4.1 4.8 5.7 3.5 6.9 7.1 5 6.6 2.7 1.5 3.6 3.2 1.8
30 0 0 n/a n/a n/a n/a 0.3 n/a n/a 0.3 0.1 0 0 2 2.4 1.8 0.2 0.3
31 3.5 2 3.3 4.8 2.1 2.5 3.2 2.6 2.2 3 8.3 5.1 3.6 2 1.7 0.7 2.8 1
32 0 0 n/a n/a 0 n/a n/a n/a n/a 3.1 7 1.7 0 3.2 1.3 0 0.3 0.4
33 7.1 5.2 6.5 6.9 5.8 4.9 6.2 4.9 4.4 7.6 7.8 7.5 2.6 3 4.8 7.2 3.4 6.5
34 2.8 1.1 2.3 3.1 2.6 2.7 2.3 1.6 1.8 2.9 3.5 0.9 1.9 1.9 1.1 0.4 1.4 0.6
35 3.9 4.3 5.3 4.2 1.8 2.2 2.5 2.2 2.1 1.4 8.5 6.3 4.9 4.7 1 0.5 1.3 0.8
36 5 4.7 5 6.2 5.7 6.5 3.6 3.5 2.7 4.5 5.3 3.4 5.9 3.6 0.5 3.1 2.8 2.8
37 1.2 3.9 2.5 1.3 1.6 1.3 2.6 2 1.1 2.5 6.9 4.8 2.3 0.3 0.4 0.8 0.7 0
38 0 0 n/a 2.5 n/a n/a 3 n/a n/a 1.2 2.8 0.8 3.7 3.2 1.8 0 0 0.1
39 0 0 n/a 1.2 n/a n/a 0.3 1.4 n/a 0.4 0.6 1.3 0 1.4 1.1 0 0.1 0.1
40 4 4.5 4.6 5.9 5.8 2.5 4.7 3.1 3.3 6.9 8.5 7.7 3.6 1.2 3.6 3.2 1 5.5
41 0 1.1 0 2 2.1 1.8 0.4 0.3 0.2 1.6 3.1 1.1 0 0.3 0.5 0.3 0.6 0.3
42 0 0 n/a 2.2 n/a n/a n/a n/a n/a 0.8 0.1 0 0 2.5 0.3 0 0.3 0.5
43 5.2 5 5.7 5.5 7 4.3 4.9 4.3 2.7 3.7 6.9 8.3 4.9 4.3 1 3.2 2.6 3.3
44 4.8 5.3 5.6 5.5 6.3 5.5 4.9 4.3 4.4 6.8 9.4 5 2.5 4.7 4.8 2.9 4.8 6.3
45 0 0 n/a n/a n/a n/a n/a n/a n/a 0.9 0.1 0.4 0 2.2 1.5 0 0 0.4
46 0 3.6 0 1.6 1.3 0.9 0.1 0.9 1 0.9 3.5 1 1.8 2.7 0.3 0.5 0.4 1.1
47 0 0 n/a n/a n/a n/a 0.8 n/a n/a 0.9 0.2 1 2.9 1.5 1.7 0 0 0.2
48 4.4 3.1 3.5 2.3 1.2 1.7 2.4 2.6 1 3.7 1.6 3.4 3.4 1.9 0.2 0.8 0.5 0.5
49 0 0 n/a n/a 5 2.3 0 0.5 1.3 2.6 7.1 3.2 0 2.7 1.8 0 0.5 0.7
50 0 0 n/a n/a n/a n/a 0.6 1.8 n/a 2.6 0.4 0.9 4.6 3.5 3.2 0.2 1.6 0.2
51 0 0 n/a n/a n/a n/a 0.5 n/a n/a 1.2 3.9 1 2 2.8 0 0 0.2
52 0 0 n/a n/a n/a 1.3 0.2 0.4 0.9 1.8 4.8 1.1 2.4 1.8 2.8 0.3 0 0.3
53 1.8 3.9 3.5 2.5 3 1.9 3 0.9 2.3 2.9 5.7 7.5 5 2.8 1.7 1.8 1.5 1.9
54 3.5 3.6 1.8 0.8 1.4 1.3 2.8 1.9 0.8 1.7 7 2 1.8 1.2 0.6 0.5 0.7 0.7
55 5.3 4.9 3.3 5.7 7 5.5 5.2 3.6 3.9 2.1 5.1 2.3 5.8 4.6 3.7 3.2 2.3 2.5
56 0 0 n/a n/a n/a n/a n/a 3.7 n/a 1.2 4.7 0.4 0 4.7 3.4 0 0 0.3
57 0 0 n/a n/a n/a n/a 1.5 2.2 n/a 1.1 1.9 1.7 0 3.8 2.1 0 0 0.5
58 5 4.3 5.2 n/a 4 1.3 3.7 4.7 3.5 1.3 0.5 5.2 1.1 4.3 0.8 0.9 0.8 1.6
59 0 0 n/a n/a n/a n/a n/a n/a n/a 0.8 0.4 1.3 2.9 1.8 1.3 0 0.2 0.2
60 0 0 n/a n/a n/a n/a 0.2 1.4 n/a 1.8 2.1 0 4.6 2.9 1.5 0 0 0.5
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Video #
Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3

1 0 0 1.3 2.5 2.2 0.8 0.9 2 0.4 0.2 0.1 0.9 1 2.5 1.1 0.9 0.6 0.2
2 1.8 1.7 1.7 3.5 0.9 1.6 2.7 2.2 1.3 1.8 1.7 3.4 2 1.8 1.8 0.5 0.6 0.2
3 2.3 0 1 2.2 1.5 0.5 0.1 0.3 0.2 0.2 0.5 0.4 1.4 0.6 0 0.6 1 0.3
4 0 0 0.1 2.9 1.9 1.4 0.1 0.3 0.1 0.9 0.8 0 0.4 0.5 0.3 1.4 0.2 0.2
5 2.8 2 1.3 3.3 1.4 1.1 1.9 1.7 0.5 0.6 0.2 4.6 1.6 0.8 1.7 0.5 0.9 0.9
6 1.6 2 1.7 5.4 3 3.7 0.9 2.4 1.5 2.2 1.1 4 1.5 1.7 1 0.5 1 1.3
7 0 1.5 3.9 4.7 2.6 3.3 2.6 2.7 2.4 1.9 1.1 1.8 1.3 1.2 1 0.7 1.3 1.5
8 2.5 1.2 0.1 4.4 1.4 1.1 2.8 1.5 2.1 0 0.1 3.1 1.1 1 1.4 0.2 0.4 0.2
9 0 4.6 5.1 5.8 5.3 4.1 3.3 2.2 1.9 2.6 2.2 3.6 0.2 4.4 1.8 0.9 0.5 0.3

10 0 0 0.5 2.3 0.8 0.4 1.4 0.2 0.3 0.1 0.3 1.9 0.6 0.6 0.1 0.6 0.1 0.2
11 1.9 1.7 1.4 2.7 0.8 0.8 2.2 2.3 2.1 0.9 2.4 3.2 2.2 1.7 0.9 0.9 0.7 1.3
12 0 0 0 1 1.5 0.7 1.8 0.4 0.3 1.8 1.4 0.1 0.7 1 0.1 0.6 0.6 0.3
13 0 0 0.1 0.8 1 0.6 0.7 1.8 0.8 0.2 0.7 0.2 0.2 3.3 0.5 0.1 0.2 0.2
14 0 0 3.8 4.2 3.3 1.8 0.1 2.5 0.3 1 1.9 2.8 0.2 0.5 1 1.2 0.6 0.2
15 1.8 2 1.6 1.3 1.2 1 2.3 1.4 0.9 0.1 1.9 2.1 1.2 1.8 1.2 1 0.5 1
16 0 0 0.1 2 3 1.3 1.5 1.4 0.9 0.6 0 1.8 0.3 0.9 0.5 0.3 0.5 0.5
17 0 0 0.1 2.5 1.7 0.7 0.8 0.6 0.3 1.6 0 0 0.2 0.6 0.2 0.2 0.9 0.5
18 0 0 0.5 2.4 2.2 1.6 2.1 1 1.8 2.4 1.8 1 0.2 0.5 0.1 0.1 0.5 1.1
19 2.8 3.4 5.2 3.7 5.2 5.3 3.2 4.7 2.1 0.8 0.7 1.2 2.9 2.5 2 1.9 0.4 2.3
20 4.2 2.6 1.7 2.2 4.6 3.7 2 1.8 2.8 1.8 2.8 4.6 1.8 1.5 1.7 0.6 1.7 1.8
21 0 0 0.1 1.4 1 0.9 2 0.3 0.2 0.2 0.3 1 0.7 0.8 1 0.2 0.2 2.1
22 0 0 0.1 1 1 0.4 0.2 0.7 0.3 0.1 0 1.9 0.6 0.4 0.1 0.1 0.2 0.6
23 0 1.9 1.3 1.9 1.9 1 2.6 0.9 1.3 0.1 1 2.1 0.9 1.1 0.5 0.2 2.1 1.1
24 2.8 4.5 3.6 4.9 5 5.6 5 4.2 2.7 0.7 3.9 3.5 0.7 2.7 2.9 2 2.2 3
25 2 2 2.2 2.2 1.3 0.9 2.1 2 1.5 1.8 2.6 0.3 1.9 1.5 1.5 0.3 0.8 1.8
26 5.1 3.9 2.3 2.3 3.3 3.3 4.3 2.7 2.6 2.8 3.7 1.3 4.1 3.8 1.8 2.1 1 2
27 5.3 4.3 4.4 5.5 5.9 3.4 4.9 4.2 0.6 2.7 1.8 3.5 5 2.4 2.8 1.8 1.7 3.3
28 1.8 0.8 1.3 5.8 6.1 4.6 3.5 4.6 4 2 1.7 2.8 6.5 4.2 2.3 0.7 2.9 4.1
29 0 0 0.1 1.3 2.1 2.7 2.5 3 2.3 4.4 2.9 1.7 1.6 0.9 1.7 0.7 0.3 1.1
30 4.5 0 4.3 4.8 4.2 4.8 1.8 4.2 0.4 2.4 3.3 4 0.4 5 5.4 1 1.6 2.8
31 5 6.2 4.6 6.3 6.7 5.6 7.3 6.5 5.2 5.8 4.2 5 6.3 3.7 4.5 1.4 3.7 4.8
32 0 3.5 4.8 6.1 5.6 6.2 4.7 4.7 4 3.2 5.2 4 6.2 4.6 4.8 1.8 2.2 4.8
33 0 0 0.1 2.3 4.7 2.3 0.1 0.1 0.2 0.2 2.2 1 7 2.9 0.5 1.2 0.2 0
34 1.8 0 1.7 4.8 3.5 3.3 6.6 5.7 5 2.2 3.1 4.2 5.3 1.2 4.1 1.9 3.4 1.7
35 2.1 1.5 4.4 5.3 4.1 1.9 4.7 4 2.7 3.1 4.3 1.8 2.5 2.2 3.4 0.5 0.5 1.8
36 4.2 3.8 5.6 5.7 6.5 4.7 4.8 4 3 4.5 3.1 3.3 3.2 5.1 4.6 0.8 2.2 2.3
37 4.6 7.2 6.4 8 7.7 8.1 6.8 7.7 7.2 2.5 5.3 7 6.2 5.3 1.8 8.6 8.7 5
38 2.1 4 4.8 5.9 5.9 2.8 4.6 4.9 5.5 1.3 3.3 3 3.8 3.5 4.5 2.1 1 1.3
39 5.3 4.6 1.8 3.5 4 3.3 4.4 4.9 4.2 3.9 4.4 5.2 3 3.7 2.1 0.9 1.2 1.5
40 0 0 0.1 1.9 2.3 2.2 0.1 1 0.4 0.2 0.5 0.1 2.4 0.2 0.9 0.5 0.7 0.1
41 0 2.5 1.5 6.1 4.4 3.2 3.5 2.8 2.9 1 4.9 1 2.7 1.3 1.5 3 1.6 1.3
42 0 0 0 3.5 n/a 6 3.6 4.9 4.7 0.8 5.3 0.8 3.6 5.1 2 1.1 1.1 0.3
43 4.9 3.6 5.3 6.2 6.5 3.3 4.8 4.3 4.7 2.8 7.1 7.5 4.8 4.5 5.2 2.2 1.2 3.1
44 4.8 4.8 7.4 5.3 8 6.7 6.4 5.4 5.1 6.1 3.6 6.5 4.8 5.4 6.1 2.7 3.5 4.3
45 0 2.9 6.7 6.2 5.1 5.5 6.2 5.8 5.8 3.2 3.4 4.7 4.8 4.3 5.9 4.4 3.5 4
46 5.5 5.4 6.2 7.9 8.8 8.2 6.7 8.7 8.2 3.7 2.7 6.7 5.5 7.1 5.6 5.6 8.1 3.7
47 5.2 4.8 5.8 5.5 6.5 6.3 4.8 5.8 5.5 5.2 2.9 3.9 5.1 5.5 5.8 1.4 3.9 6.2
48 6.1 5.3 6.6 7.5 7.1 8.4 8 6.8 6.4 7.2 4 7.4 6.3 5 6.1 5.7 4.6 6.7
49 0 0 2.1 6 5.8 3.8 4 3.4 4.6 1.3 2.7 1.9 5 5.1 4.7 0.9 2.2 4.2
50 2 5.1 6.5 6.7 7.4 7.5 6.3 7.2 6.6 7.1 6 6.5 7.3 6.1 6.2 0.3 5 6.8
51 5.2 5.7 7 7.9 7 6.7 6.4 6.7 5.9 5.6 8.4 6.4 5 7.4 4.8 4.2 7.9
52 5.2 2.4 2.1 5.9 5 3.8 2.8 3.4 3.1 2.8 2.3 3.5 2.7 2.9 4.7 2.5 1.7 2.5
53 7 4.8 6.5 7.3 6.9 6.1 6.1 5.3 5.5 4.3 4.2 6.3 5 3.9 0.8 3.3 2.7 6.1
54 6.8 5 7.2 7.8 7.5 7.8 6.9 6.6 6.3 3.6 6.9 4.4 7.8 7.4 7.8 3.1 2 5.2
55 5 4 5.7 7.7 7.3 7.1 6.6 5.4 5.3 3.5 2.5 7.4 5.1 4.9 5.2 1.9 1.5 6.5
56 5.5 5.1 6.9 6.6 6.4 7.1 5.3 6.1 6.1 5.2 3.7 6.9 5.3 4.9 5.9 2.5 3.7 6.5
57 6.4 5.3 6.4 6.5 7.9 6.6 5.8 6 6.8 2 7.6 6.7 5.1 5.6 5 6.7 8.7 7.8
58 6.4 5.2 6.4 7.6 6.2 7.1 5.7 5.1 5.2 4.3 3.4 5.5 4.8 5 5.2 3.2 1.7 7.1
59 6.7 5.2 6.3 n/a 6.3 7 6 5.2 6.5 4.8 5.4 3.8 6.3 6 5.8 2.2 3 7
60 3.5 3.2 2.5 4.8 6.5 4.7 3.7 3.4 5.2 4 2 4.6 4.2 5.6 3.4 1.7 0.8 2.9

Grading of squamous gastric mucosa with VAS
Observer 6Observer 1 Observer 2 Observer 3 Observer 4 Observer 5
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Appendix 3 

Bioavailability study; plasma omeprazole concentrations 

Plasma omeprazole concentrations from each horse, from part 1 of chapter 4, after administration of 
omeprazole intravenously and oral administration of two enteric-coated omeprazole products (REF 
product and NOV product)  



Time TBA Ginwood Furba Reba Cardy Star Scarlet Liz Rita
0 0.08 0.13 0.05 0.01 0.41 0.04 0.12 0.08 0.07
1 2409.63 2862.54 2393.47 2607.71 2494.40 2268.41 2539.34 3612.51 2854.11
5 858.73 896.18 806.21 803.77 654.79 680.95 805.85 1417.15 1406.01

10 634.72 617.36 571.66 428.61 527.12 556.27 600.64 936.39 1050.91
15 386.45 495.00 479.19 329.30 394.00 579.28 540.81 814.65 1037.40
30 204.77 286.13 317.10 164.97 278.86 284.63 510.21 615.38 725.28
45 217.56 200.37 234.33 114.78 232.03 230.78 469.58 430.10 455.01
60 177.74 139.98 194.77 90.86 177.98 210.63 399.41 345.97 350.10
75 95.70 101.09 142.54 69.10 180.85 121.85 322.46 259.73 255.32
90 59.78 74.74 100.11 54.74 126.73 138.98 294.93 217.34 235.62

105 51.03 52.75 72.27 34.76 106.00 105.37 270.89 186.14 173.10
120 36.65 40.69 54.11 27.08 86.20 45.42 201.05 129.91 125.77
150 10.21 19.68 31.67 13.04 65.29 24.73 127.69 68.58 64.74

3 7.13 10.67 18.27 6.38 48.13 12.56 79.43 37.59 26.01
4 2.62 3.93 7.45 2.82 23.76 4.12 38.23 16.88 13.81
5 1.82 1.68 3.23 1.23 12.88 2.51 22.97 7.84 6.08
6 0.54 0.64 1.44 0.55 7.54 1.52 13.04 4.32 2.85
8 0.24 0.26 0.39 0.11 2.96 0.37 7.12 1.43 0.99

12 0.16 0.17 0.13 0.00 1.03 0.13 4.24 0.48 0.20
24 0.23 0.05 0.08 0.00 0.34 0.07 0.39 0.07 0.14

IV omeprazole 
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Time TBA Ginwood Furba Reba Cardy Star Scarlet Liz Rita
0 0.16 0.08 0.14 0.07 0.09 0.19 0.02 0.04 0.01
1 0.09 0.39 0.26 0.19 0.08 0.53 0.08 0.12 0.05
5 1.13 6.87 21.31 23.78 0.99 23.11 0.93 1.99 8.52

10 7.03 38.36 458.35 200.52 10.46 302.58 8.19 10.64 36.56
15 71.51 519.74 1766.42 787.19 400.47 1012.23 96.91 119.27 140.99
30 651.54 1432.57 1560.48 965.61 1640.01 1121.93 576.00 1032.00 677.88
45 571.30 1143.71 1125.08 510.57 1501.87 824.11 511.89 740.30 711.22
60 450.15 886.70 850.59 441.89 1313.79 587.53 392.81 565.71 559.38
75 360.27 681.51 623.49 362.66 1223.84 462.38 292.40 415.18 415.43
90 238.80 493.16 454.44 244.42 935.14 361.30 222.34 278.44 312.31

105 220.55 346.72 349.91 200.23 708.78 310.90 175.02 259.99 229.96
120 188.53 220.55 259.81 160.47 504.57 239.34 125.34 199.91 191.30
150 95.31 140.91 137.64 69.18 319.73 134.50 69.47 104.90 115.09

3 50.49 68.15 75.75 44.44 208.07 70.97 38.77 52.54 60.69
4 21.98 22.70 135.20 16.96 78.75 72.50 18.98 28.16 22.40
5 9.86 9.07 15.01 7.15 30.41 10.40 8.48 13.21 9.04
6 4.38 3.98 5.88 3.45 13.40 5.02 4.39 5.93 4.02
8 2.77 2.03 1.87 0.88 3.18 2.01 1.29 1.55 1.08

12 0.31 0.38 0.76 0.20 0.60 0.70 0.58 0.65 0.25
24 0.29 0.28 0.17 0.11 0.17 0.25 0.07 0.05 0.07

Novel, in-feed, enteric coated omeprazole 

204 

197 



Time TBA Ginwood Furba Reba Cardy Star Scarlet Liz Rita
0 5.42 0.09 0.05 0.16 0.08 0.03 0.14 0.16 0.15
1 1.11 0.10 0.33 0.15 0.04 0.03 0.16 0.18 2.39
5 0.97 5.38 0.79 0.08 0.30 0.30 0.50 1.01 33.18

10 2.76 12.72 4.39 7.91 5.06 13.63 2.87 12.49 88.28
15 31.39 30.70 7.47 65.66 12.45 19.41 39.62 72.40 208.52
30 383.93 67.60 25.80 319.57 43.65 169.70 71.09 396.46 282.65
45 287.30 47.08 54.36 343.18 94.67 257.83 138.88 368.78 234.00
60 230.23 35.30 74.68 488.16 75.64 377.96 110.40 290.15 215.48
75 204.36 68.61 86.46 266.53 65.45 228.36 148.61 244.15 180.52
90 190.03 54.39 94.94 288.23 56.26 209.40 110.24 187.14 117.92

105 210.95 49.12 85.95 240.95 57.80 197.99 88.98 173.75 110.60
120 173.93 34.29 76.96 187.91 45.96 133.32 64.45 130.16 65.34
150 116.20 13.01 37.67 89.07 20.34 71.99 40.89 80.09 38.98

3 75.06 7.40 17.41 48.74 9.94 48.90 24.22 35.48 13.42
4 23.92 2.81 5.73 18.63 2.49 18.57 21.04 20.42 5.67
5 9.48 1.12 2.78 8.65 0.94 11.06 13.88 10.33 3.29
6 6.08 0.63 0.96 3.82 0.38 3.91 2716.05 5.90 1.46
8 1.83 3.10 0.43 1.98 0.22 2.20 2.68 1.88 0.31

12 0.54 1.08 0.09 1.20 0.05 2.64 0.23 0.47 0.17
24 0.19 0.00 0.01 0.23 0.11 0.09 0.10 0.05 0.00

Commercially available enteric-coated omeprazole 
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Appendix 4 

Dose titration study; median hourly intragastric pH recordings 

The median hourly intragastric pH, determined by indwelling pH probes and aspiration of gastric fluid 
(in red), in part 2 of chapter 4. Intragastric pH was recorded for 24 hours with no treatment, after 
administration of 2mg/kg and 4mg/kg of the novel enteric-coated, in-feed, omeprazole product. 



Lowest
result

[ex vivo 
results red]

Median pH H1 H2 H3 H4 H5 H6 H7 H8

<8am 2.68 2.4 5.3 2.2 3.7 1.7 1.8 2.2

9:00 2.03 3.2 4.9 2 5.9 1.5 3.7

10:00 1.83 2 2.1 6.8 9 1.8 3.8

11:00 6.9 3.8 3.1 7.4 2.9 2.3 6.1 1.9

12:00 1.8 5 5.9 7.1 2.5 1.9 6.9 5.8

13:00 1.7 3.8 2.8 6.2 2.5 1.9 6.6 6.2

14:00 1.9 4.3 3.2 6.7 3.3 1.8 4.7 6.5

15:00 1.1 4.6 5.6 6.4 3.4 1.8 1.7 6.2

16:00 1.9 4.1 5.7 4.6 4 1.9 1.9 4

17:00 2.1 6.7 6.1 4.2 2.7 1.8 2.5 3.9

18:00 1.5 6.4 6.5 6.3 2.5 1.7 4.9 3.8

19:00 1.6 5.8 8.3 5.3 2.4 1.6 5.6 3.3

20:00 1.7 4.5 6.1 5.6 2.5 1.4 2 2.8

21:00 1.9 4.4 3.2 3.5 2.6 1.4 1.8 2.8

22:00 2 4.5 3.7 2.8 2.9 1.3 2.2 2.6

23:00 1.8 3.9 4.4 4.3 5 1.1 2.1 2.5

0:00 1.7 4.6 4.2 5 1.5 3.8 2.5

1:00 3.3 4.4 3.4 2.7 1.5 2.5 1.4

2:00 1.9 6.5 3.2 2.9 1.8 2.1 1.4

3:00 2.6 6.1 3.4 5.1 6 2.2 1.4

4:00 4.3 7.1 4.9 1.6 2.2 2.1

5:00 4.2 3.9 2.3 2.5 2.1

6:00 3.7 3.7 2.4 2.4 1.9

7:00 4 3.8 6.3 2.4 1.7

8:00 6.6 2.3 2.5 4 1.9 1.8 1.5 2.1

Baseline
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Lowest 
result
[ex vivo 
results red]
Median pH H1 H2 H3 H4 H5 H6 H7 H8

<8am 1.5 1.5 3.4 1.26 1.4 2.3 2.67 5

9:00 1.4 2.48 1.6 5 1.5 2 3.9 7.2

10:00 3 6.8 1.5 3 5.7 2.1 4.95 6.9

11:00 7 6.51 7.5 5.5 6.4 3.9 5.6 7.3

12:00 6.73 5.3 7.8 6.7 2.8 2.7 8 7.25

13:00 7 1.6 7.4 6 2.4 2.7 7.2 7.45

14:00 4.28 1.5 6 4.84 4.8 1.84 8.4 7.25

15:00 4.5 1.5 4.9 2.6 5.05 2.8 7.5 4.52

16:00 4.07 4 2.2 1.8 5.5 1.82 7.4 4.82

17:00 4.7 3.4 2.8 1.6 4.84 2.35 7 5.33

18:00 3.91 3.1 3.2 1.4 3.3 2.53 5.9 6

19:00 6.5 4.8 8.7 1.5 3.5 2.33 6.3 8.02

20:00 3.56 6.2 2.1 1.7 3.08 2.42 5.3 7.62

21:00 4.5 5.8 3.4 1.9 3.4 3.7 5.4 8.5

22:00 3.3 5.05 2.1 1.9 2.6 7.2 5.9 7.9

23:00 4.1 4.6 7.3 2 2.3 8.2 6 8

0:00 2.6 4.1 5.2 2.3 2.3 7.8 4.4 7.6

1:00 2.4 3.6 5.6 2.4 2.3 7.7 4.8 5.8

2:00 6.6 4.6 5.8 2.5 3.9 6.5 6 4.1

3:00 6.1 4.6 7.1 4 5.8 5.2 5 4

4:00 6.4 3.7 7.4 5.7 5.9 4.8 4.8 6.6

5:00 5.6 4.7 6.8 6.2 5.6 4.2 5.6 4.9

6:00 6.3 4.9 3.8 5.8 4.3 5.1

7:00 5.7 3.6 2.8 4.4 4.5 9

8:00 1.7 4.3 7 3.1 2.1 2.81 2.38 5.7

2mg/kg
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Lowest
result
[ex vivo 
results red]

Median pH H1 H2 H3 H4 H5 H6 H7 H8

<8am 1.64 3.2 1.74 3.8 1.5 2.74 3.9 1.8

9:00 1.6 3.6 4.97 1.6 3.5 4.4

10:00 3.1 6.2 6.4 1.55 5.5 6.8

11:00 6.1 3.53 5.8 6.1 2.25 3.08 6 7

12:00 5.9 4.33 4.6 5.7 4.5 4.68 5.63 6.3

13:00 3.9 5 6 4.58 3 5.29 5.22

14:00 1.6 5.8 4.31 4.75 4.5 2.1 4.85 4.72

15:00 1.7 5.7 5.06 4.29 4.11 4.9 5.2 4.4

16:00 1.27 4.8 5.2 4.1 4.36 5.8 4.51 3.6

17:00 1.7 5.1 4.7 4.2 4.38 3.8 4.75 2.9

18:00 1.7 6.1 4.5 3.6 3.68 2.85 4.05 1.7

19:00 5.8 4.25 4.6 4 3.85 3.03 4.76 1.5

20:00 5.5 4.4 4.7 3.7 5.5 3.6 4.75 4.8

21:00 9.35 4.38 6.1 3.5 6.4 3.8 5 5.3

22:00 8 6 5 3 6.4 3.4 4.8 4.7

23:00 5.8 6.1 4.8 2.9 6.3 2.6 5 4.2

0:00 3 5.9 5.7 3.2 6.2 2.3 2.4 2.7

1:00 2.5 5 5.2 3.6 5.9 2.3 2.2 1.2

2:00 1.6 4.1 5.2 3.8 6.4 2.3 2.3 1.3

3:00 1.3 5.9 5.4 3.7 6.3 5.1 2.4 1.5

4:00 1.4 5.6 3.4 6.4 6 2.5 1.3

5:00 1.6 7.8 3.2 6.3 5.6 2.4 1.7

6:00 1.5 6.9 3.6 5.9 5.7 2.2 1.2

7:00 1.5 8 4.3 6.35 5.6 3.3

8:00 1.6 2.96 6.8 1.61 4.31 4.1 6.92 4.63

4 mg/kg
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Appendix 5 

Bioequivalence study; plasma omeprazole concentrations 

The plasma omeprazole concentrations on day 5 of part 3 of chapter 4, after 1 and 5 days of 
administration of 1mg/kg of a commercially available enteric-coated omeprazole product (REF) and 
2mg/kg of a novel, in-feed, enteric-coated omeprazole product (NOV).  



time 
(mins) H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12

0 1.25 0.13 0.10 0.19 -0.01 0.06 0.08 0.17 0.35 0.03 0.07 0.13
15 405.69 16.18 825.06 539.27 94.34 54.21 530.92 43.18 437.33 57.83 1.13 84.97
30 741.07 684.17 1122.22 1055.66 864.65 268.06 965.49 127.54 855.37 96.28 3.11 864.11
45 401.23 463.57 813.43 808.85 627.12 592.37 705.20 502.22 1234.42 108.64 17.61 907.73
60 274.32 393.98 564.55 565.80 469.21 514.42 429.71 779.26 621.22 206.00 69.32 566.44
90 159.77 301.69 393.29 460.41 222.19 281.27 257.15 252.00 320.75 76.79 33.30 296.13

120 73.57 121.22 260.49 251.33 138.04 187.20 174.02 242.46 181.48 54.82 33.40 178.39
3 hrs 24.18 26.93 27.61 51.61 42.91 61.12 43.38 39.58 59.81 26.92 2.56 58.21
4 hrs 13.65 17.18 25.80 20.52 20.04 21.93 17.13 17.02 25.54 11.95 1.10 20.04
5 hrs 4.72 5.43 10.97 10.84 8.43 11.04 6.40 7.81 10.92 3.35 0.71 8.73
6 hrs 1.80 1.72 4.46 3.77 3.37 4.02 2.76 3.92 4.68 1.27 0.30 3.70
7 hrs 1.02 3.52 10.82 2.40 1.86 2.45 1.39 1.71 2.37 1.54 0.26 2.23
8 hrs 0.63 1.05 2.95 1.46 1.07 1.02 0.99 1.49 1.43 11.37 0.20 1.08
12 hrs 0.13 0.40 0.77 0.27 0.25 0.25 0.28 0.45 0.51 0.06 0.08 0.35
24 hrs 0.02 0.19 0.13 0.11 0.09 0.23 0.09 0.18 0.20 0.08 0.04 0.11

Equestra granules 
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time 
(mins) H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12

0 1.10 0.22 0.18 0.04 0.07 0.56 0.07 1.55 0.06 0.02 -0.01 0.07
15 19.75 8.00 22.27 30.10 38.01 126.97 40.33 259.43 33.37 31.84 12.26 30.05
30 132.55 85.62 226.97 213.73 174.31 384.42 290.16 286.79 166.68 34.56 75.46 191.62
45 90.81 93.51 249.73 204.93 277.65 300.33 259.59 271.71 251.76 76.73 186.11 234.69
60 59.01 62.11 179.85 177.30 262.98 222.61 164.20 202.72 128.00 226.87 109.64 107.46
90 29.53 61.44 147.23 109.20 148.73 148.98 104.59 317.72 100.90 251.71 151.29 62.33

120 165.81 41.76 104.07 85.02 92.85 85.70 74.10 225.96 69.57 182.43 136.29 54.04
3 hrs 4.46 13.58 19.09 59.30 27.08 26.15 18.36 74.95 23.33 44.62 35.75 6.82
4 hrs 2.14 8.97 7.64 13.33 11.75 12.54 2.87 31.51 6.89 18.96 9.96 2.83
5 hrs 1.00 6.97 3.73 6.36 4.29 5.78 1.26 14.47 4.20 7.62 5.77 1.22
6 hrs 0.57 3.75 1.96 2.44 1.81 2.80 2.65 6.34 3.33 2.50 2.67 0.46
7 hrs 0.42 2.43 1.07 1.89 0.91 1.89 0.49 2.96 0.90 1.59 1.42 0.51
8 hrs 0.25 3.20 0.63 1.34 0.57 4.60 0.20 1.44 0.62 0.95 0.73 0.50
12 hrs 0.18 4.15 0.17 0.64 0.30 1.00 0.16 0.24 0.34 0.15 0.19 0.35
24 hrs 0.10 0.00 0.15 1.66 0.59 1.22 0.14 0.06 0.07 -0.01 -0.05 0.10

Gastrozol 
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Appendix 6 

Bioequivalence study; median hourly intragastric pH recordings 

The median hourly intrasgastric pH from the acclimiatisation, phase 1, washout and phase 2 of part 3 
of chapter 4. Intragastric pH was determined by indwelling modified antimony pH probes and 
aspiration of gastric fluid through the nasogastric tube (in red).  



Gastric pH results (all available data) 

Results from indwelling gastric pH probes in black, ex vivo pH in red. 

 

Lowest result

[ex v ivo 

results red]

Median pH

BE1

Belle

BE2

Reba

BE3

Barbara

BE4

Cardy

BE5

Furba

BE6

Sue

BE7

Millie

BE8

Stella

BE9

Star

BE10

Ginwood

BE11

Liz

BE12

Random

Treatment:

<8am 1.96 1.39 1.65 1.57 1.82 1.35 2.26 1.83 2.15 1.83 1.81

9:00 1.3 2.3 3.5 2.2 1.83 5.4 1.49 4.6 1.69

10:00 5.8 1.5 1.85 5.6 2 3.63 4.5 3.6 4.4 1.69

11:00 6.34 5.2 5.2 4.53 1.7 5.76 1.9 2.8 5.9 7.57

12:00 6.4 6.9 5.6 6.2 7.7 2 2.6 7.72 7.69 7.25

13:00 6.4 6.9 4.7 5.6 7.3 7.17 1.85 1.52 6.09 3.7 7.78

14:00 5.9 6.9 4.2 7.5 4.82 1.43 3.88 3.4 7.56

15:00 5.45 5.96 4.18 6.9 4.43 1.4 1.58 5.45

16:00 4.68 5.25 3.96 6.1 4.5 3.1 2.8 3.8 4.53 4.35

17:00 4.31 4.54 4.5 3.9 7.06 1.34 2.15 2.6 3.82

18:00 3.57 4.3 1.19 6.66 1.4 2.48 2.02 2.96

19:00 3.3 4.05 4 1.6 2.02 2.24 2.2

20:00 4.3 5.7 1.27 1.7 1.75 4 1.94

21:00 4.3 5.8 2.4 3.2 6

22:00 4.98 2.98 1.01 4.56 4.83 3.6 1.9 7.14 2.03

23:00 4.1 2.3 4.83 7.2 5.8

0:00 3.74 2.2 1.09 4.35 6.44 3.81 5.04 5.28

1:00 2 2.3 6.3 3.7

2:00 2.5 5.4 1.6 3.1

3:00 3.4 4.3 1.7 3

4:00 3.7 4.3 1.7 2.5

5:00 6 4.5 1.8 1.8

6:00 5.6 4.4 2.3 1.7

7:00 4.2 2.7 2.7 0.7

8:00 1.86 3.7 1.2 1.75 1.65 2.9 2.09 3.9 2 1.7 1.9

Baseline

Lowest result

[ex v ivo 

results red]

Median pH

BE1

Belle

BE2

Reba

BE3

Barbara

BE4

Cardy

BE5

Furba

BE6

Sue

BE7

Millie

BE8

Stella

BE9

Star

BE10

Ginwood

BE11

Liz

BE12

Random

Treatment:

<8am 1.35 1.37 1.63 1.43 1.41 2.52 1.37 1.92 1.32 1.55 1.36 1.73

9:00 2.12 1.76 1.44 1.99

10:00 1.51 1.77 1.66 1.75 3.38 4.64 4.9 7.66

11:00 4.1 5.72 4.71 5.37 5.63 5.11 2.98 7.9 7.36

12:00 7.41 6.8 5.7 6.13 8.14 6.24 6.57 2.52 1.78 2.7 7.3 7.32

13:00 7.93 3.5 6.65 6.83 5.01 7.6 3.32 1.59 8.55 7.1

14:00 6.27 5.03 2.11 5.31 6.37 6.86 5.69 1.6 5.5 7.93 6.81

15:00 4.92 2.18 2.78 4.67 5.23 4.4 1.48 5.49 5.66 6.43

16:00 4.03 4.15 1.91 3.6 2.82 1.32 4.5 5.04

17:00 1.74 2.46 1.64 1.44 4 1.36 1.48 2.18 3.4 6.58 5.92

18:00 1.98 1.69 1.7 4.65 2.81 3.47 2.5 3.29 4.7 6.65

19:00 1.74 1.51 1.4 4.06 5.75 6.93 1.62 6.68 5.7 6.85

20:00 1.63 1.51 3.97 7.89 7.15 1.54 7.82

21:00 1.2 1.4 4.2

22:00 2.3 2.08 3.8 3.34 7.76

23:00 1.1 4.87 3.8

0:00 2.8 4.28 3.8 1.37 4.45

1:00 5.1 3.1

2:00 4.1 2.4 3.5

3:00 1.1 1.9 2.6

4:00 2.3 2.2 1.8

5:00 3 2.4 3.6

6:00 2.3 2.5 3.8

7:00 2.4 3.45 1.41 4

8:00 1.63 1.68 2.71 2.5 1.55 3.9 1.88 1.99 1.49 1.47 1.75 1.95

Washout
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Lowest result

[ex v ivo 

results red]

Median pH

BE1

Belle

BE2

Reba

BE3

Barbara

BE4

Cardy

BE5

Furba

BE6

Sue

BE7

Millie

BE8

Stella

BE9

Star

BE10

Ginwood

BE11

Liz

BE12

Random

Treatment: Equestra Gastrozol Equestra Gastrozol Equestra Gastrozol Equestra Gastrozol Equestra Gastrozol Gastrozol Equestra

<8am 2.61 1.65 4.92 2.7 3.66 1.7 1.7 1.45 3.81 1.18 1.3 2.1

9:00 2.2 4.26 2.86 5.72

10:00 2.4 6.21 3.15 1.91 5.37 7.77 7.65

11:00 8.4 3.9 7.55 6 5.32 2.68 6.99

12:00 7.81 8.11 7.68 7.63 7.12 4.45 4.99 7.09 6.93 7.1 7.61 7.61

13:00 7.89 7.85 7.73 7.52 7.15 4.3 6.92 7.52 7.3 7.77 7.83

14:00 6.13 7.7 7.46 6.49 5.7 4.37 5.88 4.97 7.62 7.67 7.56

15:00 6 5.79 6.69 5.38 4.57 4.33 4.89 4.47 6.42 7.85 7.22

16:00 5.57 4.75 6.48 5.21 5.2 4.24 4.58 4.36 7.58 5.71

17:00 7.45 4.79 5.55 4.9 4.56 4.52 4.57 6.35 6.98 4.9

18:00 4.66 5.54 3.4 5 4.4 4.3 3.4 4.88 1.4 4.4 6.31

19:00 4.69 5.62 2.4 5.04 4.3 3.5 5.4 4.14 4.42

20:00 4.8 4.75 5.7 4.53 4.5 3.4 4 5.38 7.15 5.44

21:00 6.9 6.01 7.6 5.2 4.4 8.2 6.9

22:00 4.97 4.52 7.66 5.2 4.48 7.6 4.84 4.12 7.26 6.47

23:00 6.5 5 6.8 6 3.7

0:00 5.21 4.89 6.97 4.4 4.58 5.9 5.6 1.68 7.05 5.89

1:00 6.6 4.4 4.3 6.1 8.3

2:00 7.2 4.1 3 5.3 7.2

3:00 7.2 4.3 2.8 5.3 2.8

4:00 7 2.6 3.5 4.7 2.4

5:00 6.8 2.6 3.8 5.8

6:00 6.3 2.7 4 5.9 3.6

7:00 5.7 2.8 2.1 4.7 5.4

8:00 1.87 3.41 4.65 2.37 2.8 4.87 1.52 1.71 1.77 6.2 1.8 2.76

Phase 1 - Day 1

Lowest result

[ex v ivo 

results red]

Median pH

BE1

Belle

BE2

Reba

BE3

Barbara

BE4

Cardy

BE5

Furba

BE6

Sue

BE7

Millie

BE8

Stella

BE9

Star

BE10

Ginwood

BE11

Liz

BE12

Random

Treatment: Equestra Gastrozol Equestra Gastrozol Equestra Gastrozol Equestra Gastrozol Equestra Gastrozol Gastrozol Equestra

<8am 6.38 3.15 3.76 3.14 3.31 3.84 1.61 1.82 2 6.16 3.28 3.54

9:00 4.44 4.92 6.92 2.76 5.09 5.99 2.16 6.8

10:00 7.05 7.21 4.98 3.55 4.74 4.54 5.6 8.3

11:00 7.97 7.77 7.29 4.83 5.13 8.4 7.64 7.15 8.06

12:00 8.11 7.75 7.62 7.24 7.79 5.45 8.02 7.87 7.51 8.03

13:00 7.91 7.14 7.97 6.04 7.14 6.12 8.31 7.99 7.43 6.94 7.2

14:00 7.76 8.22 7.28 4.92 7.36 8.24 6.93 7.46 6.3 4.6 5.31 7.48

15:00 7.68 8.32 5.56 4.64 5.15 6.23 4.4 3.8 4.76 6.84

16:00 7.21 4.88 4.76 5.42 4.57 5.12 3.7 3.5 7.16

17:00 8.43 8.25 5.21 4.58 4.69 4.55 4.61 3.9 2.84 4.92 6.74

18:00 7.57 8.37 4.88 4.53 4.81 4.83 4.35 5.64 3 6.61

19:00 7.45 7.15 4.97 4.76 7.48 4.54 4.03 5.8 4.6

20:00 7.65 8.06 6.88 6.32 4.68 4.53 6.5 2.86 5.86 7.43

21:00 7.38

22:00 7.5 4.36 7.46 4.01 8.14 7.9 5.48 8.02

23:00 5.6 6.9 8.1

0:00 6.8 6.15 6.4 7.43 3.4 7.1 4.2

1:00 8.3 4.5 6.7 7.7

2:00 5.7 1.5 7.3 7.2

3:00 7.5 5.6 5.9

4:00 4 6.5 3 6.3 6.7

5:00 4 6.1 3.5 7.6 6.7

6:00 5.3 5.7 1.7 8.1 5.9

7:00 4.36 4.49 3.68 3.9 2 4.45 5.5 4.8

8:00 2.69 2.53 5.67 1.76 3.96 4.43 3.14 3.24 3.64 1.28 1.38 4.4

Phase 1 - Day 8
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Lowest result

[ex v ivo 

results red]

Median pH

BE1

Belle

BE2

Reba

BE3

Barbara

BE4

Cardy

BE5

Furba

BE6

Sue

BE7

Millie

BE8

Stella

BE9

Star

BE10

Ginwood

BE11

Liz

BE12

Random

Treatment: Gastrozol Equestra Gastrozol Equestra Gastrozol Equestra Gastrozol Equestra Gastrozol Equestra Equestra Gastrozol

<8am 1.71 2.13 2.51 1.71 6.81 5.81 1.67 4.19 2.25 1.89 1.85 1.78

9:00 7.5 6.02 7.55 4.9 3.08 4.81 2.11

10:00 7.58 7.5 6.52 8.21 3.58 6.94 6.25 3.3

11:00 7.77 8.1 7.67 7.84 8.42 7.97 8.31 7.92 7.78 4.6

12:00 8.16 7.4 7.52 8.23 6.97 7.97 8.28 8.13

13:00 6.1 5.71 8.13 7.41 7.51 5.83 7.61 4.91 8.54

14:00 7.5 5.43 8.2 7.34 8.14 7.06 6.16 8.18

15:00 7.48 4.8 6.99 7.8 5.58 8.92 3.84 8.28 7.34

16:00 4.2 7.83 5.8 6.72 5.39 2 4.46

17:00 4.92 4.4 5.24 6.8 1.98 4.81 6.21

18:00 7.46 4.9 7.85 7.4 2.65 5.4

19:00 7.51 7.6 8.32 7.57 4.52 2.37

20:00 7.2 7.16 6.93 8.02 4.6 5.9

21:00

22:00 6.26 6.67 4.68 5.99 7.01 4.97 2.14 5.95

23:00

0:00 5.91 5.1 4.79 5.26 4.86 4.68 4.92 6.1

1:00

2:00 7.5

3:00 6 7.5

4:00 5.4 7.2

5:00 7.8 4.9

6:00 8.2 6.1

7:00 5.87 4.43 6.9 2.23 5.2

8:00 5.24 7.34 4.27 2.11 4.7 4.52 5.15 2.92 7.18 3.75 2.04 3.07

Phase 2 - Day 1

Lowest result

[ex v ivo 

results red]

Median pH

BE1

Belle

BE2

Reba

BE3

Barbara

BE4

Cardy

BE5

Furba

BE6

Sue

BE7

Millie

BE8

Stella

BE9

Star

BE10

Ginwood

BE11

Liz

BE12

Random

Treatment: Gastrozol Equestra Gastrozol Equestra Gastrozol Equestra Gastrozol Equestra Gastrozol Equestra Equestra Gastrozol

<8am 3.92 1.86 2.21 1.92 2.09 7.13 1.66 1.72 1.64 1.83 1.69 2.26

9:00 6.91 5.58 4.66 4.68 7.48 1.95 3.95 5.36

10:00 5.05 6.62 4.4 4.31 7.3 7.43 6.86 5 7.19

11:00 4.91 5.65 5.19 4.65 6.7 6.1 7.95 6.9 7.76 5.02 6.77

12:00 4.77 4.67 4.96 5.17 7.94 6.16 7.86 7.97 7.73 7.27 7.84

13:00 4.68 6.65 4.81 5.37 5.1 8.16 6.97 5.37 6.93 7.48

14:00 4.97 7.35 4.78 4.75 4.89 5.63 5.27 4.97 5.09 6.34

15:00 4.79 7.49 4.95 4.39 5.18 4.84 5.03 5.17

16:00 4.72 5.84 4.88 4.67 7.58 4.53 5.61 5.23 4.88 4.82 4.92

17:00 4.51 4.92 4.71 5.36 4.5 4.65 7.1 4.66 6.53 6.77

18:00 4.52 4.51 4.56 4.58 4.61 7.1 4.98 7 7.06

19:00 4.59 4.43 4.89 4.59 4.46 4.87 6.51 6.15 7.37 3.6

20:00 4.6 4.41 4.51 4.73 4.91 5.6 5.82 5.1 4.85

21:00 4.33 4.26 6.5

22:00 3.36 4.26 4.8 4.45 6.1 4.67 4.34 4.61 6.5

23:00 6.77 1.5 3.7 6.4

0:00 2.99 4.18 2.7 4.67 5.33 4.1 4.66 3.9 4.54 4.73

1:00 4.9 4 5.8

2:00 3.2 5.8 4 5.9 3.4

3:00 3.2 3.9 4 5.3 3.2

4:00 3 4 3.8 6.1 3.4

5:00 3 4.2 3.7 6 3.1

6:00 3.5 4.2 4.4 3.6 3.1

7:00 3.02 3.78 3.5 1.97 2.6 2.9

8:00 5.11 1.52 1.93 1.92 4.21 3.54 4.74 1.82 1.77 1.71 1.69 3.98

Phase 2 - Day 8
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Appendix 7 

Bioequivalence study; EGUS grades 

The EGUS grades determined at day -7 of the acclimatisation and washout periods, as well as Day 1 
of phase 1 and 2 of the treatment periods.  



Gastric ulcer scores – all results. MPGC = margo plicatus, greater curvature; LC = lesser curvature, 

FUND = squamous fundic mucosa; SUM = summed squamous ulcer score; PYL = pyloric antrum; GLD 

= glandular mucosa.  
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Appendix 8 

Clinical data and intragastric pH results from the proximal electrode 

from 42 foals admitted to the intensive care unit 

Results included continuous clinical data, as well as dichotomous clinical outcomes collected at the 
time of admission to the intensive care unit from 42 foals.  



Foal Duration Mean pH
 % time 
<pH 4

% time 
>pH 4

>80% 
time >pH4

>50% 
time >pH 
4

Gestational 
age

Age at 
admission Lactate PaO2 PaCO2 pH MAP Glucose Weight HR RR Temp RBC count Hct

WBC 
count

Neutrophil 
count

1 28.02 6.17 22.56 77.44 no yes 168 2.8 80 39 7.46 10.4 32 100 44 39.3 10 0.39 6 1.9
2 26.41 6.47 4.48 95.52 yes yes 350 24 1.6 53 84 20 38.6 10.1 0.36 9.1 7.1
3 26.73 5.58 6.72 93.28 yes yes 327 18 4 24 67 8 30 164 16 38.9 8.8 0.41 5.9 3.6
4 4.82 5.19 7.81 92.19 yes yes 354 30 3.8 73 52 7.43 51 120 28 38.3
5 4.99 5.14 13.00 87.00 yes yes 344 2 7.8 25 58 7.22 45 122 36 36.8 7.3 0.29 11 9.9
6 36.19 0.94 57.48 42.52 no no 345 144 1.7 86 34 7.15 60 100 28 38 7.7 0.3 7.7 3.1
7 19.69 7.15 0.01 99.99 yes yes 319 5 8 7.25 5.2 17 100 16 32.7 18.6 0.75 8.6 7.7
8 24.94 6.68 1.97 98.03 yes yes 349 30 2 73 55 7.4 5.3 51 100 80 39 8.3 0.31 10.2 9
9 19.15 5.49 12.96 87.04 yes yes 382 14 3.7 70 48 7.4 5.9 56 116 70 38.5 10.2 0.38 8.9 6.7

10 26.34 7.66 0.00 100.00 yes yes 6 2.5 45 51 7.4 7.5 92 36 37.6 9.4 0.41 7.5 6.3
11 10.38 7.09 1.37 98.63 yes yes 365 12 3.1 45 59 7.4 84 0.3 52 76 32 37.7 9.7 0.36 11.5 9.9
12 30.46 5.63 5.46 94.54 yes yes 329 5 2.4 52 44 7.4 9 36 144 32 38.36 9.3 0.43 9.1 7.3
13 21.60 4.35 45.83 54.17 no yes 368 6 7.7 76 100 56 37.3 9.9 0.35 11.6 9
14 2.12 1.87 99.65 0.35 no no 344 12 1.5 70 46 7.42 103 6 130 30 38
15 7.08 7.81 0.00 100.00 yes yes 349 5 3.6 58 65 7.36 3.2 60 160 48 160 10 0.39 14.4 11.5
16 0.66 6.14 0.00 100.00 yes yes 336 4 1.2 80 44 7.39 80 1.7 35 104 24 39.7 10.7 0.43 7.9 6.7
17 14.23 5.88 0.54 99.46 yes yes 344 264 13.2 60 112 28 38.6 5.7 0.21 12.3 10.6
18 35.99 6.67 0.54 99.46 yes yes 324 9 4.8 32 66 38 140 20 37.6 7.5 0.3 16.1 13.4
19 18.32 7.77 0.16 99.84 yes yes 334 5 1.7 7.42 60 144 48 38.4 14.5 0.57 7.8 6.4
20 9.05 5.83 3.16 96.84 yes yes 346 36 7.1 50 53 7.29 65 10.2 53 168 28 38 9.5 0.36 8.3 6.6
21 2.75 2.58 95.00 5.00 no no 352 6 4.2 88 39 7.47 4.3 56 100 88 38.6 8.5 0.37 12.9 9.7
22 17.43 6.04 7.21 92.79 yes yes 365 5 3.7 50 52 7.4 5.1 50 88 44 37.6 12.2 0.5 4.8 2.1
23 38.92 4.81 28.83 71.17 no yes 338 36 14 7.07 8.8 47 124 100 35.9 9.2 0.4 12.9 10.6
24 25.41 4.36 35.10 64.90 no yes 343 96 1.6 62 48 7.37 9.9 60 128 24 37.9 12 0.45 7.9 5.6
25 40.69 7.16 0.00 100.00 yes yes 335 6 83 7.9 49 120 16 37.9 10.5 0.39 8.9 6.6
26 22.67 6.47 4.63 95.37 yes yes 3 2.2 69 51 7.4 8 53 120 24 38.1 6 0.27 8.2 6.3
27 25.81 2.53 80.80 19.20 no no 344 4 11.8 74 44 7.34 67 3.6 44 116 20 38.3 8.6 0.37 13.3 11.6
28 23.59 5.28 13.07 86.93 yes yes 328 7 15.8 59 46 7.37 3.8 46 90 88 38.5 8 0.36 11.5 10.6
29 12.74 4.33 26.63 73.37 no yes 312 8 2.9 7.55 72 2.7 33 120 20 37 11 0.45 36 31
30 8.14 5.85 0.11 99.89 yes yes 335 24 8 64 55 7.28 42 4.6 50 88 28 9.7 0.4 7.9 5.7
31 22.47 5.21 16.56 83.44 yes yes 352 144 5.9 37 7.48 57 4.2 55 160 80 38.8 2.1 0.1 14.5 13.3
32 25.26 7.28 0.09 99.91 yes yes 348 14 3.5 55 50 7.34 3.3 58.5 120 40 37.6 9 0.4 9.2 7.7
33 9.15 4.90 19.79 80.21 yes yes 336 48 1 76 44 7.32 68 6.2 72 108 32 38.6 7.6 0.33 7.4 6.5
34 9.84 5.06 0.52 99.48 yes yes 337 12 7.6 31 57 7.35 4.9 44.9 124 40 37.8 9.9 0.41 5.4 3.5
35 3.93 4.40 37.22 62.78 no yes 343 16 4 63 51 7.45 8.4 55 116 36 38.6 9.5 0.38 7.3 5.3
36 21.48 3.15 75.46 24.54 no no 351 3 15 85 25 7.4 4.6 55 92 20 37.9 9.6 0.38 7.7 6.7
37 3.29 6.27 0.05 99.95 yes yes 40 1.8 65 50 7.41 2.1 50 124 32 38.1 7.2 0.28 9.1 6.7
38 23.22 6.14 5.36 94.64 yes yes 345 2 8.7 6.1 50 120 60 37.2 7.3 0.26 20.2 18.6
39 30.76 5.91 5.85 94.15 yes yes 306 7 1.9 66 51 7.42 7.2 34.8 100 36 35 8.8 0.39 15.6 13.6
40 0.55 11.31 0.10 99.90 yes yes 339 0 15 6.84 87 8 43 132 32 35 9.1 0.38 7.1 5.8
41 22.91 4.11 49.43 50.57 no yes 341 18 4.9 32 62 7.29 6.7 42 128 32 36.2 11.3 0.4 8.7 7.7
42 15.92 4.05 31.23 68.77 no yes 316 18 4.6 47 63 7.48 54 18.1 37 108 48 38.3 8.1 0.34 7.6 5.8
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Foal Duration Mean pH
 % time 
<pH 4

% time 
>pH 4

>80% 
time >pH4

>50% 
time >pH
4 Fibrinogen SAA

Total 
Protein Albumin Globulins Creatinine Urea Chloride Na+ K+ Ca++ USG

Parity of 
mare Diarrhoea

Evidence of 
placentitis Nursing

1 28.02 6.17 22.56 77.44 no yes 6.8 342.62 34 18 16 67 6.2 105 124 2.9 1.5 1.022 0 yes no yes
2 26.41 6.47 4.48 95.52 yes yes 1.5 39.32 33 24 9 395 8.4 96 128 2.9 1.5 1.032 0 yes no no
3 26.73 5.58 6.72 93.28 yes yes 3.2 39 21 18 68 1.8 101 134 3.3 1.47 1.012 0 no no no
4 4.82 5.19 7.81 92.19 yes yes 142 3.2 1.38 0 no no no
5 4.99 5.14 13.00 87.00 yes yes 1.7 1.43 41 25 16 102 2.7 101 130 3.6 1.38 1.012 6 no no no
6 36.19 0.94 57.48 42.52 no no 2.4 460.61 44 20 24 129 9 108 126 3.8 1.55 1.028 5 yes no yes
7 19.69 7.15 0.01 99.99 yes yes 1.9 8.16 35 22 13 131 4.8 99 137 4 1.52 1.010 0 no yes no
8 24.94 6.68 1.97 98.03 yes yes 1.6 33.43 37 25 12 195 13.5 100 137 3.1 1.46 1.036 5 no no no
9 19.15 5.49 12.96 87.04 yes yes 2.4 392.19 32 25 7 108 5.9 101 138 4.1 1.63 1.034 6 no no no

10 26.34 7.66 0.00 100.00 yes yes 1.4 0 48 30 18 154 6.6 94 137 3.7 1.52 0 no no yes
11 10.38 7.09 1.37 98.63 yes yes 1.4 104.8 36 26 10 312 9.9 96 130 3.3 1.38 1.032 2 yes no no
12 30.46 5.63 5.46 94.54 yes yes 1.4 62 28 35 121 8.5 132 4.2 1.5 1.026 0 no no yes
13 21.60 4.35 45.83 54.17 no yes 3.3 48 54 29 25 1.048 2 yes no yes
14 2.12 1.87 99.65 0.35 no no 101 133 3.2 1.4 1.048 2 no no yes
15 7.08 7.81 0.00 100.00 yes yes 2.1 308.14 34 27 7 205 5.7 98 135 4 1.5 1.026 5 no no yes
16 0.66 6.14 0.00 100.00 yes yes 2.1 195.28 48 26 22 61 3.1 131 4 1.4 1.004 0 no no no
17 14.23 5.88 0.54 99.46 yes yes 7.2 482.32 46 22 24 96 131 2.9 1.42 1.001 1 no no yes
18 35.99 6.67 0.54 99.46 yes yes 4 527.39 56 28 28 102 1.6 111 138 2.9 1.6 0 no no no
19 18.32 7.77 0.16 99.84 yes yes 2.4 359.1 58 34 24 420 21.3 101 132 3.8 1.58 1.028 7 no no yes
20 9.05 5.83 3.16 96.84 yes yes 2.1 262.42 34 21 13 101 2.3 92 148 4.7 1.69 1.037 8 no no yes
21 2.75 2.58 95.00 5.00 no no 1 0.65 34 26 8 945 8.7 100 134 4.2 1.44 1.014 2 no no no
22 17.43 6.04 7.21 92.79 yes yes 2.5 514.36 53 33 20 276 15.2 99 130 4.4 1.41 1.040 3 yes yes yes
23 38.92 4.81 28.83 71.17 no yes 3 163.02 55 32 23 115 7.7 102 157 4.2 1.67 1.014 4 yes no yes
24 25.41 4.36 35.10 64.90 no yes 1.9 0.48 37 31 6 148 3.8 98 133 3.9 1.5 1.020 2 yes no yes
25 40.69 7.16 0.00 100.00 yes yes 1.3 0.2 48 25 23 99 4.7 98 128 3.5 1.52 1.036 4 no yes yes
26 22.67 6.47 4.63 95.37 yes yes 2.2 28.96 41 22 19 132 4.4 102 140 3.2 1.72 0 no no no
27 25.81 2.53 80.80 19.20 no no 2.3 73.35 32 24 8 406 7 103 135 3.4 1.59 0 no no no
28 23.59 5.28 13.07 86.93 yes yes 2.8 84.81 34 22 12 77 2.4 81 141 2.7 1.34 1.020 0 no no no
29 12.74 4.33 26.63 73.37 no yes 4.9 7.06 35 19 16 104 9 93 133 3.5 1.28 1.02 10 no no no
30 8.14 5.85 0.11 99.89 yes yes 1.7 202 39 29 10 1680 9.4 91 116 8.2 0.83 1.028 5 no yes no
31 22.47 5.21 16.56 83.44 yes yes 4.4 342.88 50 27 23 70 6.9 107 129 3.7 1.38 1.014 2 no no yes
32 25.26 7.28 0.09 99.91 yes yes 1.7 21.22 53 36 17 1337 11.7 97 123 6.2 2.78 1.03 6 no yes no
33 9.15 4.90 19.79 80.21 yes yes 3.4 229.76 45 31 14 132 10 97 130 3.9 1.46 1.005 9 yes no yes
34 9.84 5.06 0.52 99.48 yes yes 3.8 500.56 35 28 7 137 10.7 89 135 5.2 1.55 1.015 0 no no no
35 3.93 4.40 37.22 62.78 no yes 1.8 3.93 38 26 12 151 6 96 133 2.9 1.43 1.004 0 no no yes
36 21.48 3.15 75.46 24.54 no no 1.2 2.64 32 24 8 1519 5.2 100 130 4.1 0.71 1.034 4 no no no
37 3.29 6.27 0.05 99.95 yes yes 4.4 320 41 20 21 60 2.4 101 123 4.3 1.48 1.014 0 no yes yes
38 23.22 6.14 5.36 94.64 yes yes 1.8 170.82 30 23 7 94 8.7 92 1.032 8 no no no
39 30.76 5.91 5.85 94.15 yes yes 5.2 0.91 35 20 15 94 6.8 94 131 3.8 1.49 1.018 4 no no no
40 0.55 11.31 0.10 99.90 yes yes 1 19.41 26 18 7 538 9.4 94 125 4 1.73 0 no yes no
41 22.91 4.11 49.43 50.57 no yes 2.8 135.92 30 18 12 94 4.7 102 133 4.2 1.55 1.014 2 yes no no
42 15.92 4.05 31.23 68.77 no yes 2.7 58 28 30 213 9.4 119 128 4.4 1.46 1.026 0 yes no yes
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Foal Duration Mean pH AUC
 % time 
<pH 4

% time 
>pH 4

>80%
time
>pH4

>50%
time
>pH 4 Ambulatory Premature Survival Nursing

Hyperlacta
taemia Hypoxic Diarrhoea Sepsis PAS/NMS?HIEAcidosis

<24h at 
admission Filly Evidence of placentitisDystocia

1 28.02 6.17 140.96 22.56 77.44 no yes yes no yes yes no no yes yes no no no no no no
2 26.41 6.47 156.05 4.48 95.52 yes yes yes no yes no no no yes no yes no no yes no no
3 26.73 5.58 134.22 6.72 93.28 yes yes no no no no yes yes no no yes no yes no no no
4 4.82 5.19 150.72 7.81 92.19 yes yes yes no no no yes no no no yes no no no no no
5 4.99 5.14 123.12 13.00 87.00 yes yes no no yes no yes yes no no yes yes yes yes no yes
6 36.19 0.94 20.20 57.48 42.52 no no yes no yes yes no no yes no no yes no no no no
7 19.69 7.15 170.34 0.01 99.99 yes yes no yes yes no yes no no no yes yes yes no yes no
8 24.94 6.68 162.14 1.97 98.03 yes yes yes no yes no no no no no yes no no yes no no
9 19.15 5.49 134.34 12.96 87.04 yes yes yes no yes no yes yes no no yes no yes no no no

10 26.34 7.66 184.20 0.00 100.00 yes yes yes no yes yes no yes no no no no yes no no no
11 10.38 7.09 160.14 1.37 98.63 yes yes no no yes no no yes yes no yes no yes no no no
12 30.46 5.63 135.77 5.46 94.54 yes yes yes no yes yes no yes no no no no yes no no no
13 21.60 4.35 105.49 45.83 54.17 no yes yes no yes yes no no yes no no no yes no no yes
14 2.12 1.87 44.40 99.65 0.35 no no yes no yes yes no yes no no no no yes no no no
15 7.08 7.81 187.37 0.00 100.00 yes yes yes no yes yes yes yes no no yes yes yes yes no no
16 0.66 6.14 145.20 0.00 100.00 yes yes yes no yes no no no no no yes no yes no no no
17 14.23 5.88 139.97 0.54 99.46 yes yes yes no yes yes no no no no no no no yes no no
18 35.99 6.67 160.33 0.54 99.46 yes yes yes no yes no yes yes no no yes no yes no no yes
19 18.32 7.77 187.53 0.16 99.84 yes yes yes no yes yes no no no no no no yes yes no no
20 9.05 5.83 140.13 3.16 96.84 yes yes yes no yes yes yes yes no yes yes yes no yes no no
21 2.75 2.58 54.80 95.00 5.00 no no no no yes no yes no no no yes no yes no no no
22 17.43 6.04 138.13 7.21 92.79 yes yes yes no yes yes yes yes yes no yes no yes no yes yes
23 38.92 4.81 115.05 28.83 71.17 no yes yes no yes yes yes no yes no yes yes no no no no
24 25.41 4.36 106.57 35.10 64.90 no yes yes no yes yes no yes yes yes no yes no no no no
25 40.69 7.16 173.34 0.00 100.00 yes yes yes no yes yes no no no no no no yes yes yes no
26 22.67 6.47 155.11 4.63 95.37 yes yes yes no yes no no yes no no yes no yes yes no no
27 25.81 2.53 59.71 80.80 19.20 no no yes no yes no yes yes no no yes yes yes yes no yes
28 23.59 5.28 132.63 13.07 86.93 yes yes yes no yes no yes yes no no yes yes yes yes no yes
29 12.74 4.33 109.36 26.63 73.37 no yes yes yes no no no no no no yes no yes yes no no
30 8.14 5.85 141.00 0.11 99.89 yes yes no no no no yes yes no no yes yes yes no yes yes
31 22.47 5.21 125.51 16.56 83.44 yes yes yes no yes yes yes no no no no no no no no no
32 25.26 7.28 174.48 0.09 99.91 yes yes no no yes no yes yes no no yes yes yes no yes yes
33 9.15 4.90 64.91 19.79 80.21 yes yes yes no yes yes no no yes yes no yes no no no no
34 9.84 5.06 152.26 0.52 99.48 yes yes no no no no yes yes no yes yes yes yes no no no
35 3.93 4.40 102.90 37.22 62.78 no yes yes no yes yes yes yes no no yes no yes no no no
36 21.48 3.15 74.65 75.46 24.54 no no no no yes no yes no no no yes no yes yes no yes
37 3.29 6.27 160.80 0.05 99.95 yes yes yes no yes yes no yes no yes no no no no yes yes
38 23.22 6.14 152.19 5.36 94.64 yes yes no no no no yes no no yes yes no yes yes no yes
39 30.76 5.91 143.92 5.85 94.15 yes yes no yes no no no yes no yes yes no yes no no no
40 0.55 8.90 109.20 2.22 97.78 yes yes no no no no yes no no no yes yes yes no yes yes
41 22.91 4.11 98.82 49.43 50.57 no yes yes no yes no yes yes yes no yes yes yes no no no
42 15.92 4.05 116.96 31.23 68.77 no yes yes yes yes yes yes yes yes yes no no yes yes no no
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Appendix 9 

Clinical data and intragastric pH results from the distal electrode 

from 42 foals admitted to the intensive care unit 

Results included continuous clinical data, as well as dichotomous clinical outcomes collected at the 
time of admission to the intensive care unit from 42 foals.  



Foal Duration Mean pH
 % time 
<pH 4

% time 
>pH 4

>80% 
time >pH4

>50% 
time >pH 
4

Gestational 
age

Age at 
admission Lactate PaO2 PaCO2 pH MAP Glucose Weight HR RR Temp RBC count Hct

WBC 
count

Neutrophil 
count

1 28.02 7.25 6.99 93.01 yes yes 168 2.8 80 39 7.46 10.4 32 100 44 39.3 10 0.39 6 1.9
2 26.41 6.60 3.45 96.55 yes yes 350 24 1.6 53 84 20 38.6 10.1 0.36 9.1 7.1
3 26.73 6.66 4.47 95.53 yes yes 327 18 4 24 67 8 30 164 16 38.9 8.8 0.41 5.9 3.6
4 4.82 4.17 19.67 80.33 yes yes 354 30 3.8 73 52 7.43 51 120 28 38.3
5 4.99 4.65 21.98 78.02 no yes 344 2 7.8 25 58 7.22 45 122 36 36.8 7.3 0.29 11 9.9
6 36.19 2.33 52.77 47.23 no no 345 144 1.7 86 34 7.15 60 100 28 38 7.7 0.3 7.7 3.1
7 19.69 7.37 0.00 100.00 yes yes 319 5 8 7.25 5.2 17 100 16 32.7 18.6 0.75 8.6 7.7
8 24.94 4.96 32.56 67.44 no yes 349 30 2 73 55 7.4 5.3 51 100 80 39 8.3 0.31 10.2 9
9 19.15 4.22 25.08 74.92 no yes 382 14 3.7 70 48 7.4 5.9 56 116 70 38.5 10.2 0.38 8.9 6.7

10 26.34 7.78 0.00 100.00 yes yes 6 2.5 45 51 7.4 7.5 92 36 37.6 9.4 0.41 7.5 6.3
11 10.38 6.94 0.22 99.78 yes yes 365 12 3.1 45 59 7.4 84 0.3 52 76 32 37.7 9.7 0.36 11.5 9.9
12 30.46 5.17 6.61 93.39 yes yes 329 5 2.4 52 44 7.4 9 36 144 32 38.36 9.3 0.43 9.1 7.3
13 21.60 5.53 27.09 72.91 no yes 368 6 7.7 76 100 56 37.3 9.9 0.35 11.6 9
14 2.12 1.19 81.58 18.42 no no 344 12 1.5 70 46 7.42 103 6 130 30 38
15 7.08 7.40 0.00 100.00 yes yes 349 5 3.6 58 65 7.36 3.2 60 160 48 160 10 0.39 14.4 11.5
16 0.66 6.32 0.00 100.00 yes yes 336 4 1.2 80 44 7.39 80 1.7 35 104 24 39.7 10.7 0.43 7.9 6.7
17 14.23 5.20 9.17 90.83 yes yes 344 264 13.2 60 112 28 38.6 5.7 0.21 12.3 10.6
18 35.99 7.52 0.00 100.00 yes yes 324 9 4.8 32 66 38 140 20 37.6 7.5 0.3 16.1 13.4
19 18.32 7.85 1.36 98.64 yes yes 334 5 1.7 7.42 60 144 48 38.4 14.5 0.57 7.8 6.4
20 9.05 5.97 11.00 89.00 yes yes 346 36 7.1 50 53 7.29 65 10.2 53 168 28 38 9.5 0.36 8.3 6.6
21 2.75 1.62 18.81 81.19 yes yes 352 6 4.2 88 39 7.47 4.3 56 100 88 38.6 8.5 0.37 12.9 9.7
22 17.43 365 5 3.7 50 52 7.4 5.1 50 88 44 37.6 12.2 0.5 4.8 2.1
23 38.92 3.66 52.64 47.36 no no 338 36 14 7.07 8.8 47 124 100 35.9 9.2 0.4 12.9 10.6
24 25.41 4.76 43.47 56.53 no yes 343 96 1.6 62 48 7.37 9.9 60 128 24 37.9 12 0.45 7.9 5.6
25 40.69 6.62 5.07 94.93 yes yes 335 6 83 7.9 49 120 16 37.9 10.5 0.39 8.9 6.6
26 22.67 6.98 6.84 93.16 yes yes 3 2.2 69 51 7.4 8 53 120 24 38.1 6 0.27 8.2 6.3
27 25.81 2.22 81.35 18.65 no no 344 4 11.8 74 44 7.34 67 3.6 44 116 20 38.3 8.6 0.37 13.3 11.6
28 23.59 2.81 73.37 26.63 no no 328 7 15.8 59 46 7.37 3.8 46 90 88 38.5 8 0.36 11.5 10.6
29 12.74 2.73 81.39 18.61 no no 312 8 2.9 7.55 72 2.7 33 120 20 37 11 0.45 36 31
30 8.14 6.12 2.36 97.64 yes yes 335 24 8 64 55 7.28 42 4.6 50 88 28 9.7 0.4 7.9 5.7
31 22.47 4.05 46.65 53.35 no yes 352 144 5.9 37 7.48 57 4.2 55 160 80 38.8 2.1 0.1 14.5 13.3
32 25.26 6.53 10.84 89.16 yes yes 348 14 3.5 55 50 7.34 3.3 58.5 120 40 37.6 9 0.4 9.2 7.7
33 9.15 4.84 18.13 81.87 yes yes 336 48 1 76 44 7.32 68 6.2 72 108 32 38.6 7.6 0.33 7.4 6.5
34 9.84 4.80 9.68 90.32 yes yes 337 12 7.6 31 57 7.35 4.9 44.9 124 40 37.8 9.9 0.41 5.4 3.5
35 3.93 5.31 18.50 81.50 yes yes 343 16 4 63 51 7.45 8.4 55 116 36 38.6 9.5 0.38 7.3 5.3
36 21.48 3.86 52.57 47.43 no no 351 3 15 85 25 7.4 4.6 55 92 20 37.9 9.6 0.38 7.7 6.7
37 3.29 5.85 0.01 99.99 yes yes 40 1.8 65 50 7.41 2.1 50 124 32 38.1 7.2 0.28 9.1 6.7
38 23.22 5.83 6.79 93.21 yes yes 345 2 8.7 6.1 50 120 60 37.2 7.3 0.26 20.2 18.6
39 30.76 3.71 61.15 38.85 no no 306 7 1.9 66 51 7.42 7.2 34.8 100 36 35 8.8 0.39 15.6 13.6
40 12.61 8.41 2.22 97.78 yes yes 339 0 15 6.84 87 8 43 132 32 35 9.1 0.38 7.1 5.8
41 22.91 3.75 51.23 48.77 no no 341 18 4.9 32 62 7.29 6.7 42 128 32 36.2 11.3 0.4 8.7 7.7
42 15.92 3.06 45.56 54.44 no yes 316 18 4.6 47 63 7.48 54 18.1 37 108 48 38.3 8.1 0.34 7.6 5.8
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Foal Duration Mean pH
 % time 
<pH 4

% time 
>pH 4

>80% 
time >pH4

>50% 
time
>pH 4 Fibrinogen SAA

Total 
Protein Albumin Globulin Creatinine Urea Chloride Na+ K+ Ca++ USG

Parity of  
mare

Evidence of 
placentitis Diarrhoea

1 28.02 7.25 6.99 93.01 yes yes 6.8 342.62 34 18 16 67 6.2 105 124 2.9 1.5 1.022 0 no yes
2 26.41 6.60 3.45 96.55 yes yes 1.5 39.32 33 24 9 395 8.4 96 128 2.9 1.5 1.032 0 no yes
3 26.73 6.66 4.47 95.53 yes yes 3.2 39 21 18 68 1.8 101 134 3.3 1.47 1.012 0 no no
4 4.82 4.17 19.67 80.33 yes yes 142 3.2 1.38 0 no no
5 4.99 4.65 21.98 78.02 no yes 1.7 1.43 41 25 16 102 2.7 101 130 3.6 1.38 1.012 6 no no
6 36.19 2.33 52.77 47.23 no no 2.4 460.61 44 20 24 129 9 108 126 3.8 1.55 1.028 5 no yes
7 19.69 7.37 0.00 100.00 yes yes 1.9 8.16 35 22 13 131 4.8 99 137 4 1.52 1.010 0 yes no
8 24.94 4.96 32.56 67.44 no yes 1.6 33.43 37 25 12 195 13.5 100 137 3.1 1.46 1.036 5 no no
9 19.15 4.22 25.08 74.92 no yes 2.4 392.19 32 25 7 108 5.9 101 138 4.1 1.63 1.034 6 no no

10 26.34 7.78 0.00 100.00 yes yes 1.4 0 48 30 18 154 6.6 94 137 3.7 1.52 0 no no
11 10.38 6.94 0.22 99.78 yes yes 1.4 104.8 36 26 10 312 9.9 96 130 3.3 1.38 1.032 2 no yes
12 30.46 5.17 6.61 93.39 yes yes 1.4 62 28 35 121 8.5 132 4.2 1.5 1.026 0 no no
13 21.60 5.53 27.09 72.91 no yes 3.3 48 54 29 25 1.048 2 no yes
14 2.12 1.19 81.58 18.42 no no 101 133 3.2 1.4 1.048 2 no no
15 7.08 7.40 0.00 100.00 yes yes 2.1 308.14 34 27 7 205 5.7 98 135 4 1.5 1.026 5 no no
16 0.66 6.32 0.00 100.00 yes yes 2.1 195.28 48 26 22 61 3.1 131 4 1.4 1.004 0 no no
17 14.23 5.20 9.17 90.83 yes yes 7.2 482.32 46 22 24 96 131 2.9 1.42 1.001 1 no no
18 35.99 7.52 0.00 100.00 yes yes 4 527.39 56 28 28 102 1.6 111 138 2.9 1.6 0 no no
19 18.32 7.85 1.36 98.64 yes yes 2.4 359.1 58 34 24 420 21.3 101 132 3.8 1.58 1.028 7 no no
20 9.05 5.97 11.00 89.00 yes yes 2.1 262.42 34 21 13 101 2.3 92 148 4.7 1.69 1.037 8 no no
21 2.75 1.62 18.81 81.19 yes yes 1 0.65 34 26 8 945 8.7 100 134 4.2 1.44 1.014 2 no no
22 17.43 2.5 514.36 53 33 20 276 15.2 99 130 4.4 1.41 1.040 3 yes yes
23 38.92 3.66 52.64 47.36 no no 3 163.02 55 32 23 115 7.7 102 157 4.2 1.67 1.014 4 no yes
24 25.41 4.76 43.47 56.53 no yes 1.9 0.48 37 31 6 148 3.8 98 133 3.9 1.5 1.020 2 no yes
25 40.69 6.62 5.07 94.93 yes yes 1.3 0.2 48 25 23 99 4.7 98 128 3.5 1.52 1.036 4 yes no
26 22.67 6.98 6.84 93.16 yes yes 2.2 28.96 41 22 19 132 4.4 102 140 3.2 1.72 0 no no
27 25.81 2.22 81.35 18.65 no no 2.3 73.35 32 24 8 406 7 103 135 3.4 1.59 0 no no
28 23.59 2.81 73.37 26.63 no no 2.8 84.81 34 22 12 77 2.4 81 141 2.7 1.34 1.020 0 no no
29 12.74 2.73 81.39 18.61 no no 4.9 7.06 35 19 16 104 9 93 133 3.5 1.28 1.02 10 no no
30 8.14 6.12 2.36 97.64 yes yes 1.7 202 39 29 10 1680 9.4 91 116 8.2 0.83 1.028 5 yes no
31 22.47 4.05 46.65 53.35 no yes 4.4 342.88 50 27 23 70 6.9 107 129 3.7 1.38 1.014 2 no no
32 25.26 6.53 10.84 89.16 yes yes 1.7 21.22 53 36 17 1337 11.7 97 123 6.2 2.78 1.03 6 yes no
33 9.15 4.84 18.13 81.87 yes yes 3.4 229.76 45 31 14 132 10 97 130 3.9 1.46 1.005 9 no yes
34 9.84 4.80 9.68 90.32 yes yes 3.8 500.56 35 28 7 137 10.7 89 135 5.2 1.55 1.015 0 no no
35 3.93 5.31 18.50 81.50 yes yes 1.8 3.93 38 26 12 151 6 96 133 2.9 1.43 1.004 0 no no
36 21.48 3.86 52.57 47.43 no no 1.2 2.64 32 24 8 1519 5.2 100 130 4.1 0.71 1.034 4 no no
37 3.29 5.85 0.01 99.99 yes yes 4.4 320 41 20 21 60 2.4 101 123 4.3 1.48 1.014 0 yes no
38 23.22 5.83 6.79 93.21 yes yes 1.8 170.82 30 23 7 94 8.7 92 1.032 8 no no
39 30.76 3.71 61.15 38.85 no no 5.2 0.91 35 20 15 94 6.8 94 131 3.8 1.49 1.018 4 no no
40 12.61 8.41 2.22 97.78 yes yes 1 19.41 26 18 7 538 9.4 94 125 4 1.73 0 yes no
41 22.91 3.75 51.23 48.77 no no 2.8 135.92 30 18 12 94 4.7 102 133 4.2 1.55 1.014 2 no yes
42 15.92 3.06 45.56 54.44 no yes 2.7 58 28 30 213 9.4 119 128 4.4 1.46 1.026 0 no yes
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Foal Duration Mean pH AUC
 % time 
<pH 4

% time 
>pH 4

>80%
time
>pH4

>50%
time >pH
4 Ambulatory Premature Survival Nursing HyperlactataemiaHypoxic Diarrhoea Sepsis PAS/NMS?HIEAcidosis

<24h at 
admission filly 

Evidence of 
placentitis Dystocia

1 28.02 7.25 172.65 6.99 93.01 yes yes yes no yes yes no no yes yes no no no no no no
2 26.41 6.60 162.85 3.45 96.55 yes yes yes no yes no no no yes no yes no no yes no no
3 26.73 6.66 160.65 4.47 95.53 yes yes no no no no yes yes no no yes no yes no no no
4 4.82 4.17 108.93 19.67 80.33 yes yes yes no no no yes no no no yes no no no no no
5 4.99 4.65 125.88 21.98 78.02 no yes no no yes no yes yes no no yes yes yes yes no yes
6 36.19 2.33 60.98 52.77 47.23 no no yes no yes yes no no yes no no yes no no no no
7 19.69 7.37 176.58 0.00 100.00 yes yes no yes yes no yes no no no yes yes yes no yes no
8 24.94 4.96 117.50 32.56 67.44 no yes yes no yes no no no no no yes no no yes no no
9 19.15 4.22 64.05 25.08 74.92 no yes yes no yes no yes yes no no yes no yes no no no

10 26.34 7.78 187.05 0.00 100.00 yes yes yes no yes yes no yes no no no no yes no no no
11 10.38 6.94 165.18 0.22 99.78 yes yes no no yes no no yes yes no yes no yes no no no
12 30.46 5.17 130.90 6.61 93.39 yes yes yes no yes yes no yes no no no no yes no no no
13 21.60 5.53 129.38 27.09 72.91 no yes yes no yes yes no no yes no no no yes no no yes
14 2.12 1.19 28.20 81.58 18.42 no no yes no yes yes no yes no no no no yes no no no
15 7.08 7.40 87.21 0.00 100.00 yes yes yes no yes yes yes yes no no yes yes yes yes no no
16 0.66 6.32 112.20 0.00 100.00 yes yes yes no yes no no no no no yes no yes no no no
17 14.23 5.20 125.23 9.17 90.83 yes yes yes no yes yes no no no no no no no yes no no
18 35.99 7.52 178.65 0.00 100.00 yes yes yes no yes no yes yes no no yes no yes no no yes
19 18.32 7.85 190.73 1.36 98.64 yes yes yes no yes yes no no no no no no yes yes no no
20 9.05 5.97 139.87 11.00 89.00 yes yes yes no yes yes yes yes no yes yes yes no yes no no
21 2.75 1.62 145.60 18.81 81.19 yes yes no no yes no yes no no no yes no yes no no no
22 17.43 yes no yes yes yes yes yes no yes no yes no yes yes
23 38.92 3.66 110.55 52.64 47.36 no no yes no yes yes yes no yes no yes yes no no no no
24 25.41 4.76 107.40 43.47 56.53 no yes yes no yes yes no yes yes yes no yes no no no no
25 40.69 6.62 155.45 5.07 94.93 yes yes yes no yes yes no no no no no no yes yes yes no
26 22.67 6.98 168.16 6.84 93.16 yes yes yes no yes no no yes no no yes no yes yes no no
27 25.81 2.22 51.60 81.35 18.65 no no yes no yes no yes yes no no yes yes yes yes no yes
28 23.59 2.81 62.55 73.37 26.63 no no yes no yes no yes yes no no yes yes yes yes no yes
29 12.74 2.73 63.80 81.39 18.61 no no yes yes no no no no no no yes no yes yes no no
30 8.14 6.12 2.36 97.64 yes yes no no no no yes yes no no yes yes yes no yes yes
31 22.47 4.05 98.20 46.65 53.35 no yes yes no yes yes yes no no no no no no no no no
32 25.26 6.53 160.25 10.84 89.16 yes yes no no yes no yes yes no no yes yes yes no yes yes
33 9.15 4.84 71.95 18.13 81.87 yes yes yes no yes yes no no yes yes no yes no no no no
34 9.84 4.80 9.68 90.32 yes yes no no no no yes yes no yes yes yes yes no no no
35 3.93 5.31 124.50 18.50 81.50 yes yes yes no yes yes yes yes no no yes no yes no no no
36 21.48 3.86 90.38 52.57 47.43 no no no no yes no yes no no no yes no yes yes no yes
37 3.29 5.85 109.40 0.01 99.99 yes yes yes no yes yes no yes no yes no no no no yes yes
38 23.22 5.83 6.79 93.21 yes yes no no no no yes no no yes yes no yes yes no yes
39 30.76 3.71 61.15 38.85 no no no yes no no no yes no yes yes no yes no no no
40 0.55 8.41 2.22 97.78 yes yes no no no no yes no no no yes yes yes no yes yes
41 22.91 3.75 87.80 51.23 48.77 no no yes no yes no yes yes yes no yes yes yes no no no
42 15.92 3.06 30.15 45.56 54.44 no yes yes yes yes yes yes yes yes yes no no yes yes no no
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Appendix 10 

Clinical data categorised according to intragastric pH 

Clinical data collected from 42 foals admitted to the intensive care unit, grouped according to 
percentage of time intragastric pH >4. 



>50% time > pH 4 = no

Duration Mean pH  % time <pH 4
>80% 
time >pH4

>50% 
time >pH 
4

Gestational 
age

Age at 
admission Lactate PaO2 PaCO2 pH MAP Glucose Weight HR RR Temp RBC count Hct

36.18722 0.9 57.48423 no no 345 144 1.7 86 34 7.15 60 100 28 38 7.7 0.3
2.115556 1.9 99.64548 no no 344 12 1.5 70 46 7.42 103 6 130 30 38

2.745 2.6 95.00101 no no 352 6 4.2 88 39 7.47 4.3 56 100 88 38.6 8.5 0.37
25.80806 2.5 80.79734 no no 344 4 11.8 74 44 7.34 67 3.6 44 116 20 38.3 8.6 0.37
21.47556 3.2 75.45788 no no 351 3 15 85 25 7.4 4.6 55 92 20 37.9 9.6 0.38

Mean 17.66628 2.2 347.2 80.6 37.6 85 53.75 107.6
s.d 13.32887 0.755245 3.54400903 7.2 7.552483 18 5.931905 13.64698
Median 80.79734 6 4.2 7.4 4.45 28 38 8.55 0.37
Maximum 99.64548 144 15 7.47 6 88 38.6 9.6 0.38
Minimum 57.48423 3 1.5 7.15 3.6 20 37.9 7.7 0.3
>50% time >pH 4 = yes

Duration Mean pH
 % time 
<pH 4

>80% 
time >pH4

>50% 
time >pH 
4

Gestational 
age

Age at 
admission Lactate PaO2 PaCO2 pH MAP Glucose Weight HR RR Temp RBC count Hct

28.02194 6.2 22.55595 no yes 168 2.8 80 39 7.46 10.4 32 100 44 39.3 10 0.39
26.40583 6.5 4.476073 yes yes 350 24 1.6 53 84 20 38.6 10.1 0.36
26.72944 5.6 6.723754 yes yes 327 18 4 24 67 8 30 164 16 38.9 8.8 0.41
4.817778 5.2 7.8125 yes yes 354 30 3.8 73 52 7.43 51 120 28 38.3
4.986667 5.1 13.00134 yes yes 344 2 7.8 25 58 7.22 45 122 36 36.8 7.3 0.29
19.6875 7.2 0.009877 yes yes 319 5 8 7.25 5.2 17 100 16 32.7 18.6 0.75

24.93917 6.7 1.965895 yes yes 349 30 2 73 55 7.4 5.3 51 100 80 39 8.3 0.31
19.15389 5.5 12.96371 yes yes 382 14 3.7 70 48 7.4 5.9 56 116 70 38.5 10.2 0.38
26.33917 7.7 0 yes yes 6 2.5 45 51 7.4 7.5 92 36 37.6 9.4 0.41
10.38194 7.1 1.367224 yes yes 365 12 3.1 45 59 7.4 84 0.3 52 76 32 37.7 9.7 0.36
30.46139 5.6 5.458641 yes yes 329 5 2.4 52 44 7.4 9 36 144 32 38.36 9.3 0.43
21.60222 4.4 45.83376 no yes 368 6 7.7 76 100 56 37.3 9.9 0.35

7.075 7.8 0 yes yes 349 5 3.6 58 65 7.36 3.2 60 160 48 160 10 0.39
0.664444 6.1 0 yes yes 336 4 1.2 80 44 7.39 80 1.7 35 104 24 39.7 10.7 0.43
14.2325 5.9 0.544528 yes yes 344 264 13.2 60 112 28 38.6 5.7 0.21

35.99389 6.7 0.544528 yes yes 324 9 4.8 32 66 38 140 20 37.6 7.5 0.3
18.31722 7.8 0.156198 yes yes 334 5 1.7 7.42 60 144 48 38.4 14.5 0.57
9.053889 5.8 3.160091 yes yes 346 36 7.1 50 53 7.29 65 10.2 53 168 28 38 9.5 0.36
17.42667 6.0 7.207983 yes yes 365 5 3.7 50 52 7.4 5.1 50 88 44 37.6 12.2 0.5
38.92278 4.8 28.82774 no yes 338 36 14 7.07 8.8 47 124 100 35.9 9.2 0.4
25.41333 4.4 35.09859 no yes 343 96 1.6 62 48 7.37 9.9 60 128 24 37.9 12 0.45
40.68611 7.2 0.003414 yes yes 335 6 83 7.9 49 120 16 37.9 10.5 0.39
22.66944 6.5 4.63056 yes yes 3 2.2 69 51 7.4 8 53 120 24 38.1 6 0.27

23.585 5.3 13.07093 yes yes 328 7 15.8 59 46 7.37 3.8 46 90 88 38.5 8 0.36
12.73972 4.3 26.62931 no yes 312 8 2.9 7.55 72 2.7 33 120 20 37 11 0.45
8.144167 5.9 0.109144 yes yes 335 24 8 64 55 7.28 42 4.6 50 88 28 9.7 0.4

22.47 5.2 16.56035 yes yes 352 144 5.9 37 7.48 57 4.2 55 160 80 38.8 2.1 0.1
25.26306 7.3 0.094561 yes yes 348 14 3.5 55 50 7.34 3.3 58.5 120 40 37.6 9 0.4
9.148889 4.9 19.79293 yes yes 336 48 1 76 44 7.32 68 6.2 72 108 32 38.6 7.6 0.33

9.835 5.1 0.516862 yes yes 337 12 7.6 31 57 7.35 4.9 44.9 124 40 37.8 9.9 0.41
3.928889 4.4 37.21719 no yes 343 16 4 63 51 7.45 8.4 55 116 36 38.6 9.5 0.38
3.293333 6.3 0.050607 yes yes 40 1.8 65 50 7.41 2.1 50 124 32 38.1 7.2 0.28
23.22361 6.1 5.364512 yes yes 345 2 8.7 6.1 50 120 60 37.2 7.3 0.26
30.75722 5.9 5.847768 yes yes 306 7 1.9 66 51 7.42 7.2 34.8 100 36 35 8.8 0.39
12.60722 11.3 0.096946 yes yes 339 0 15 6.84 87 8 43 132 32 35 9.1 0.38
22.91444 4.1 49.42782 no yes 341 18 4.9 32 62 7.29 6.7 42 128 32 36.2 11.3 0.4
15.92194 4.1 31.23223 no yes 316 18 4.6 47 63 7.48 54 18.1 37 108 48 38.3 8.1 0.34

Mean 18.85986 6.0 340.575758 55.61538 52.51852 69.2 48.2 117.9459
s.d 10.15334 1.367022 15.9012679 16.41781 7.694974 14.10532 11.65673 22.5196
Median 5.364512 12 3.7 7.4 6.2 34 38 9.45 0.385
Maximum 49.42782 264 15.8 7.55 18.1 100 160 18.6 0.75
Minimum 0 0 1 6.84 0.3 16 28 2.1 0.1 228



Duration Mean pH
 % time 
<pH 4

>80% 
time >pH4

>50% 
time >pH 
4

WBC 
count

Neutrophil 
count Fibrinogen SAA

Total 
Protein Albumin Globulins Creatinine Urea Chloride Na+ K+ Ca++ USG

Parity of 
the mare

36.18722 0.9 57.48423 no no 7.7 3.1 2.4 460.61 44 20 24 129 9 108 126 3.8 1.55 1.028 5
2.115556 1.9 99.64548 no no 101 133 3.2 1.4 1.048 2

2.745 2.6 95.00101 no no 12.9 9.7 1 0.65 34 26 8 945 8.7 100 134 4.2 1.44 1.014 2
25.80806 2.5 80.79734 no no 13.3 11.6 2.3 73.35 32 24 8 406 7 103 135 3.4 1.59 0
21.47556 3.2 75.45788 no no 7.7 6.7 1.2 2.64 32 24 8 1519 5.2 100 130 4.1 0.71 1.034 4

Mean 17.66628 2.2 23.5 7.475 102.4
s.d 13.32887 0.755245 2.179449 1.51884 3.006659
Median 80.79734 10.3 8.2 1.75 37.995 33 8 675.5 133 3.8 1.44 1.031 2
Maximum 99.64548 13.3 11.6 2.4 460.61 44 24 1519 135 4.2 1.59 1.048 5
Minimum 57.48423 7.7 3.1 1 0.65 32 8 129 126 3.2 0.71 1.014 0

Duration Mean pH
 % time 
<pH 4

>80% 
time >pH4

>50% 
time >pH 
4

WBC 
count

Neutrophil 
count Fibrinogen SAA

Total 
Protein Albumin Globulins Creatinine Urea Chloride Na+ K+ Ca++ USG

Parity of 
the mare

28.02194 6.2 22.55595 no yes 6 1.9 6.8 342.62 34 18 16 67 6.2 105 124 2.9 1.5 1.022 0
26.40583 6.5 4.476073 yes yes 9.1 7.1 1.5 39.32 33 24 9 395 8.4 96 128 2.9 1.5 1.032 0
26.72944 5.6 6.723754 yes yes 5.9 3.6 3.2 39 21 18 68 1.8 101 134 3.3 1.47 1.012 0
4.817778 5.2 7.8125 yes yes 142 3.2 1.38 0
4.986667 5.1 13.00134 yes yes 11 9.9 1.7 1.43 41 25 16 102 2.7 101 130 3.6 1.38 1.012 6
19.6875 7.2 0.009877 yes yes 8.6 7.7 1.9 8.16 35 22 13 131 4.8 99 137 4 1.52 1.010 0

24.93917 6.7 1.965895 yes yes 10.2 9 1.6 33.43 37 25 12 195 13.5 100 137 3.1 1.46 1.036 5
19.15389 5.5 12.96371 yes yes 8.9 6.7 2.4 392.19 32 25 7 108 5.9 101 138 4.1 1.63 1.034 6
26.33917 7.7 0 yes yes 7.5 6.3 1.4 0 48 30 18 154 6.6 94 137 3.7 1.52 0
10.38194 7.1 1.367224 yes yes 11.5 9.9 1.4 104.8 36 26 10 312 9.9 96 130 3.3 1.38 1.032 2
30.46139 5.6 5.458641 yes yes 9.1 7.3 1.4 62 28 35 121 8.5 132 4.2 1.5 1.026 0
21.60222 4.4 45.83376 no yes 11.6 9 3.3 48 54 29 25 1.048 2

7.075 7.8 0 yes yes 14.4 11.5 2.1 308.14 34 27 7 205 5.7 98 135 4 1.5 1.026 5
0.664444 6.1 0 yes yes 7.9 6.7 2.1 195.28 48 26 22 61 3.1 131 4 1.4 1.004 0
14.2325 5.9 0.544528 yes yes 12.3 10.6 7.2 482.32 46 22 24 96 131 2.9 1.42 1.001 1

35.99389 6.7 0.544528 yes yes 16.1 13.4 4 527.39 56 28 28 102 1.6 111 138 2.9 1.6 0
18.31722 7.8 0.156198 yes yes 7.8 6.4 2.4 359.1 58 34 24 420 21.3 101 132 3.8 1.58 1.028 7
9.053889 5.8 3.160091 yes yes 8.3 6.6 2.1 262.42 34 21 13 101 2.3 92 148 4.7 1.69 1.037 8
17.42667 6.0 7.207983 yes yes 4.8 2.1 2.5 514.36 53 33 20 276 15.2 99 130 4.4 1.41 1.040 3
38.92278 4.8 28.82774 no yes 12.9 10.6 3 163.02 55 32 23 115 7.7 102 157 4.2 1.67 1.014 4
25.41333 4.4 35.09859 no yes 7.9 5.6 1.9 0.48 37 31 6 148 3.8 98 133 3.9 1.5 1.020 2
40.68611 7.2 0.003414 yes yes 8.9 6.6 1.3 0.2 48 25 23 99 4.7 98 128 3.5 1.52 1.036 4
22.66944 6.5 4.63056 yes yes 8.2 6.3 2.2 28.96 41 22 19 132 4.4 102 140 3.2 1.72 0

23.585 5.3 13.07093 yes yes 11.5 10.6 2.8 84.81 34 22 12 77 2.4 81 141 2.7 1.34 1.020 0
12.73972 4.3 26.62931 no yes 36 31 4.9 7.06 35 19 16 104 9 93 133 3.5 1.28 1.02 10
8.144167 5.9 0.109144 yes yes 7.9 5.7 1.7 202 39 29 10 1680 9.4 91 116 8.2 0.83 1.028 5

22.47 5.2 16.56035 yes yes 14.5 13.3 4.4 342.88 50 27 23 70 6.9 107 129 3.7 1.38 1.014 2
25.26306 7.3 0.094561 yes yes 9.2 7.7 1.7 21.22 53 36 17 1337 11.7 97 123 6.2 2.78 1.03 6
9.148889 4.9 19.79293 yes yes 7.4 6.5 3.4 229.76 45 31 14 132 10 97 130 3.9 1.46 1.005 9

9.835 5.1 0.516862 yes yes 5.4 3.5 3.8 500.56 35 28 7 137 10.7 89 135 5.2 1.55 1.015 0
3.928889 4.4 37.21719 no yes 7.3 5.3 1.8 3.93 38 26 12 151 6 96 133 2.9 1.43 1.004 0
3.293333 6.3 0.050607 yes yes 9.1 6.7 4.4 320 41 20 21 60 2.4 101 123 4.3 1.48 1.014 0
23.22361 6.1 5.364512 yes yes 20.2 18.6 1.8 170.82 30 23 7 94 8.7 92 1.032 8
30.75722 5.9 5.847768 yes yes 15.6 13.6 5.2 0.91 35 20 15 94 6.8 94 131 3.8 1.49 1.018 4
12.60722 11.3 0.096946 yes yes 7.1 5.8 1 19.41 26 18 7 538 9.4 94 125 4 1.73 0
22.91444 4.1 49.42782 no yes 8.7 7.7 2.8 135.92 30 18 12 94 4.7 102 133 4.2 1.55 1.014 2
15.92194 4.1 31.23223 no yes 7.6 5.8 2.7 58 28 30 213 9.4 119 128 4.4 1.46 1.026 0

Mean 18.85986 6.0 25.52778 7.223529 98.27273
s.d 10.15334 1.367022 4.675504 4.150908 6.556388
Median 5.364512 8.9 6.9 2.3 135.92 39 16 126 132 4.1 1.52 1.022 2
Maximum 49.42782 36 31 7.2 527.39 62 35 1680 157 4.4 1.73 1.032 8
Minimum 0 4.8 1.9 1 0 26 6 60 116 3.8 1.46 1.014 0

>50% time >pH 4 = yes

>50% time > pH 4 = no
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>80% time >pH = no

Duration Mean pH
 % time 
<pH 4

>80% 
time >pH4

>50% 
time
>pH 4

Gestational 
age

Age at 
admission Lactate PaO2 PaCO2 pH MAP Glucose Weight HR RR Temp RBC count Hct

28.02194 6.2 22.55595 no yes 168 2.8 80 39 7.46 10.4 32 100 44 39.3 10 0.39
36.18722 0.9 57.48423 no no 345 144 1.7 86 34 7.15 60 100 28 38 7.7 0.3
21.60222 4.4 45.83376 no yes 368 6 7.7 76 100 56 37.3 9.9 0.35
2.115556 1.9 99.64548 no no 344 12 1.5 70 46 7.42 103 6 130 30 38

2.745 2.6 95.00101 no no 352 6 4.2 88 39 7.47 4.3 56 100 88 38.6 8.5 0.37
38.92278 4.8 28.82774 no yes 338 36 14 7.07 8.8 47 124 100 35.9 9.2 0.4
25.41333 4.4 35.09859 no yes 343 96 1.6 62 48 7.37 9.9 60 128 24 37.9 12 0.45
25.80806 2.5 80.79734 no no 344 4 11.8 74 44 7.34 67 3.6 44 116 20 38.3 8.6 0.37
12.73972 4.3 26.62931 no yes 312 8 2.9 7.55 72 2.7 33 120 20 37 11 0.45
3.928889 4.4 37.21719 no yes 343 16 4 63 51 7.45 8.4 55 116 36 38.6 9.5 0.38
21.47556 3.2 75.45788 no no 351 3 15 85 25 7.4 4.6 55 92 20 37.9 9.6 0.38
22.91444 4.1 49.42782 no yes 341 18 4.9 32 62 7.29 6.7 42 128 32 36.2 11.3 0.4
15.92194 4.1 31.23223 no yes 316 18 4.6 47 63 7.48 54 18.1 37 108 48 38.3 8.1 0.34

Mean 19.83051 3.666138 341.416667 68.7 45.1 74 49.75 112.4615
s.d. 11.45413 1.336272 14.332122 17.29191 11.1933 17.98611 12.42394 12.60412
Median 45.83376 16 4.1 7.41 7.2 32 38 9.55 0.38
Maximum 99.64548 168 15 7.55 18.1 100 39.3 12 0.45
Minimum 22.55595 3 1.5 7.07 2.7 20 35.9 7.7 0.3
>80% time >pH 4 = yes

Duration Mean pH
 % time 
<pH 4

>80% 
time >pH4

>50% 
time
>pH 4

Gestational 
age

Age at the 
time of 
admission Lactate PaO2 PaCO2 pH MAP Glucose Weight HR RR Temp RBC count Hct

26.40583 6.5 4.476073 yes yes 350 24 1.6 53 84 20 38.6 10.1 0.36
26.72944 5.6 6.723754 yes yes 327 18 4 24 67 8 30 164 16 38.9 8.8 0.41
4.817778 5.2 7.8125 yes yes 354 30 3.8 73 52 7.43 51 120 28 38.3
4.986667 5.1 13.00134 yes yes 344 2 7.8 25 58 7.22 45 122 36 36.8 7.3 0.29

19.6875 7.2 0.009877 yes yes 319 5 8 7.25 5.2 17 100 16 32.7 18.6 0.75
24.93917 6.7 1.965895 yes yes 349 30 2 73 55 7.4 5.3 51 100 80 39 8.3 0.31
19.15389 5.5 12.96371 yes yes 382 14 3.7 70 48 7.4 5.9 56 116 70 38.5 10.2 0.38
26.33917 7.7 0 yes yes 6 2.5 45 51 7.4 7.5 92 36 37.6 9.4 0.41
10.38194 7.1 1.367224 yes yes 365 12 3.1 45 59 7.4 84 0.3 52 76 32 37.7 9.7 0.36
30.46139 5.6 5.458641 yes yes 329 5 2.4 52 44 7.4 9 36 144 32 38.36 9.3 0.43

7.075 7.8 0 yes yes 349 5 3.6 58 65 7.36 3.2 60 160 48 160 10 0.39
0.664444 6.1 0 yes yes 336 4 1.2 80 44 7.39 80 1.7 35 104 24 39.7 10.7 0.43

14.2325 5.9 0.544528 yes yes 344 264 13.2 60 112 28 38.6 5.7 0.21
35.99389 6.7 0.544528 yes yes 324 9 4.8 32 66 38 140 20 37.6 7.5 0.3
18.31722 7.8 0.156198 yes yes 334 5 1.7 7.42 60 144 48 38.4 14.5 0.57
9.053889 5.8 3.160091 yes yes 346 36 7.1 50 53 7.29 65 10.2 53 168 28 38 9.5 0.36
17.42667 6.0 7.207983 yes yes 365 5 3.7 50 52 7.4 5.1 50 88 44 37.6 12.2 0.5
40.68611 7.2 0.003414 yes yes 335 6 83 7.9 49 120 16 37.9 10.5 0.39
22.66944 6.5 4.63056 yes yes 3 2.2 69 51 7.4 8 53 120 24 38.1 6 0.27

23.585 5.3 13.07093 yes yes 328 7 15.8 59 46 7.37 3.8 46 90 88 38.5 8 0.36
8.144167 5.9 0.109144 yes yes 335 24 8 64 55 7.28 42 4.6 50 88 28 9.7 0.4

22.47 5.2 16.56035 yes yes 352 144 5.9 37 7.48 57 4.2 55 160 80 38.8 2.1 0.1
25.26306 7.3 0.094561 yes yes 348 14 3.5 55 50 7.34 3.3 58.5 120 40 37.6 9 0.4
9.148889 4.9 19.79293 yes yes 336 48 1 76 44 7.32 68 6.2 72 108 32 38.6 7.6 0.33

9.835 5.1 0.516862 yes yes 337 12 7.6 31 57 7.35 4.9 44.9 124 40 37.8 9.9 0.41
3.293333 6.3 0.050607 yes yes 40 1.8 65 50 7.41 2.1 50 124 32 38.1 7.2 0.28
23.22361 6.1 5.364512 yes yes 345 2 8.7 6.1 50 120 60 37.2 7.3 0.26
30.75722 5.9 5.847768 yes yes 306 7 1.9 66 51 7.42 7.2 34.8 100 36 35 8.8 0.39
12.60722 11.3 0.096946 yes yes 339 0 15 6.84 87 8 43 132 32 35 9.1 0.38

Mean 18.21895 6.381152 341.461538 55.33333 52.5 70.75 48.32857 118.6207
s.d. 10.13705 1.250752 15.3578614 16.45292 7.36546 14.71181 10.81348 24.74757
Median 1.965895 9 3.7 7.4 5.3 32 38.1 9.2 0.38
Maximum 19.79293 264 15.8 7.48 13.2 88 160 18.6 0.75
Minimum 0 0 1 6.84 0.3 16 28 2.1 0.1
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>80% time >pH = no

Duration Mean pH
 % time 
<pH 4

>80% 
time >pH4

>50% 
time
>pH 4

WBC 
count

Neutrophil 
count Fibrinogen SAA

Total 
Protein Albumin Globulins Creatinine Urea Chloride Na+ K+ Ca++ USG

Parity of 
the mare

28.02194 6.2 22.55595 no yes 6 1.9 6.8 342.62 34 18 16 67 6.2 105 124 2.9 1.5 1.022 0
36.18722 0.9 57.48423 no no 7.7 3.1 2.4 460.6 44 20 24 129 9 108 126 3.8 1.55 1.028 5
21.60222 4.4 45.83376 no yes 11.6 9 3.3 48 54 29 25 1.048 2
2.115556 1.9 99.64548 no no 101 133 3.2 1.4 1.048 2

2.745 2.6 95.00101 no no 12.9 9.7 1 0.65 34 26 8 945 8.7 100 134 4.2 1.44 1.014 2
38.92278 4.8 28.82774 no yes 12.9 10.6 3 163.02 55 32 23 115 7.7 102 157 4.2 1.67 1.014 4
25.41333 4.4 35.09859 no yes 7.9 5.6 1.9 0.48 37 31 6 148 3.8 98 133 3.9 1.5 1.020 2
25.80806 2.5 80.79734 no no 13.3 11.6 2.3 73.35 32 24 8 406 7 103 135 3.4 1.59 0
12.73972 4.3 26.62931 no yes 36 31 4.9 7.06 35 19 16 104 9 93 133 3.5 1.28 1.02 10
3.928889 4.4 37.21719 no yes 7.3 5.3 1.8 3.93 38 26 12 151 6 96 133 2.9 1.43 1.004 0
21.47556 3.2 75.45788 no no 7.7 6.7 1.2 2.64 32 24 8 1519 5.2 100 130 4.1 0.71 1.034 4
22.91444 4.1 49.42782 no yes 8.7 7.7 2.8 135.92 30 18 12 94 4.7 102 133 4.2 1.55 1.014 2
15.92194 4.1 31.23223 no yes 7.6 5.8 2.7 58 28 30 213 9.4 119 128 4.4 1.46 1.026 0

Mean 19.83051 3.666138 24.58333 6.972727 102.25
s.d. 11.45413 1.336272 4.751462 1.847402 6.299802
Median 45.83376 8.3 7.2 2.55 48 36 14 148 133 3.85 1.48 1.021 2
Maximum 99.64548 36 31 6.8 460.61 58 30 1519 157 4.4 1.67 1.048 10
Minimum 22.55595 6 1.9 1 0.48 30 6 67 124 2.9 0.71 1.004 0
>80% time >pH 4 = yes

Duration Mean pH
 % time 
<pH 4

>80% 
time >pH4

>50% 
time
>pH 4

WBC 
count

Neutrophil 
count Fibrinogen SAA

Total 
Protein Albumin Globulins Creatinine Urea Chloride Na+ K+ Ca++ USG

Parity of 
the mare

26.40583 6.5 4.476073 yes yes 9.1 7.1 1.5 39.32 33 24 9 395 8.4 96 128 2.9 1.5 1.032 0
26.72944 5.6 6.723754 yes yes 5.9 3.6 3.2 39 21 18 68 1.8 101 134 3.3 1.47 1.012 0
4.817778 5.2 7.8125 yes yes 142 3.2 1.38 0
4.986667 5.1 13.00134 yes yes 11 9.9 1.7 1.43 41 25 16 102 2.7 101 130 3.6 1.38 1.012 6

19.6875 7.2 0.009877 yes yes 8.6 7.7 1.9 8.16 35 22 13 131 4.8 99 137 4 1.52 1.010 0
24.93917 6.7 1.965895 yes yes 10.2 9 1.6 33.43 37 25 12 195 13.5 100 137 3.1 1.46 1.036 5
19.15389 5.5 12.96371 yes yes 8.9 6.7 2.4 392.19 32 25 7 108 5.9 101 138 4.1 1.63 1.034 6
26.33917 7.7 0 yes yes 7.5 6.3 1.4 0 48 30 18 154 6.6 94 137 3.7 1.52 0
10.38194 7.1 1.367224 yes yes 11.5 9.9 1.4 104.8 36 26 10 312 9.9 96 130 3.3 1.38 1.032 2
30.46139 5.6 5.458641 yes yes 9.1 7.3 1.4 62 28 35 121 8.5 132 4.2 1.5 1.026 0

7.075 7.8 0 yes yes 14.4 11.5 2.1 308.14 34 27 7 205 5.7 98 135 4 1.5 1.026 5
0.664444 6.1 0 yes yes 7.9 6.7 2.1 195.28 48 26 22 61 3.1 131 4 1.4 1.004 0

14.2325 5.9 0.544528 yes yes 12.3 10.6 7.2 482.32 46 22 24 96 131 2.9 1.42 1.001 1
35.99389 6.7 0.544528 yes yes 16.1 13.4 4 527.39 56 28 28 102 1.6 111 138 2.9 1.6 0
18.31722 7.8 0.156198 yes yes 7.8 6.4 2.4 359.1 58 34 24 420 21.3 101 132 3.8 1.58 1.028 7
9.053889 5.8 3.160091 yes yes 8.3 6.6 2.1 262.42 34 21 13 101 2.3 92 148 4.7 1.69 1.037 8
17.42667 6.0 7.207983 yes yes 4.8 2.1 2.5 514.36 53 33 20 276 15.2 99 130 4.4 1.41 1.040 3
40.68611 7.2 0.003414 yes yes 8.9 6.6 1.3 0.2 48 25 23 99 4.7 98 128 3.5 1.52 1.036 4
22.66944 6.5 4.63056 yes yes 8.2 6.3 2.2 28.96 41 22 19 132 4.4 102 140 3.2 1.72 0

23.585 5.3 13.07093 yes yes 11.5 10.6 2.8 84.81 34 22 12 77 2.4 81 141 2.7 1.34 1.020 0
8.144167 5.9 0.109144 yes yes 7.9 5.7 1.7 202 39 29 10 1680 9.4 91 116 8.2 0.83 1.028 5

22.47 5.2 16.56035 yes yes 14.5 13.3 4.4 342.88 50 27 23 70 6.9 107 129 3.7 1.38 1.014 2
25.26306 7.3 0.094561 yes yes 9.2 7.7 1.7 21.22 53 36 17 1337 11.7 97 123 6.2 2.78 1.03 6
9.148889 4.9 19.79293 yes yes 7.4 6.5 3.4 229.76 45 31 14 132 10 97 130 3.9 1.46 1.005 9

9.835 5.1 0.516862 yes yes 5.4 3.5 3.8 500.56 35 28 7 137 10.7 89 135 5.2 1.55 1.015 0
3.293333 6.3 0.050607 yes yes 9.1 6.7 4.4 320 41 20 21 60 2.4 101 123 4.3 1.48 1.014 0
23.22361 6.1 5.364512 yes yes 20.2 18.6 1.8 170.82 30 23 7 94 8.7 92 1.032 8
30.75722 5.9 5.847768 yes yes 15.6 13.6 5.2 0.91 35 20 15 94 6.8 94 131 3.8 1.49 1.018 4
12.60722 11.3 0.096946 yes yes 7.1 5.8 1 19.41 26 18 7 538 9.4 94 125 4 1.73 0

Mean 18.21895 6.381152 25.64286 7.362963 97.23077
s.d. 10.13705 1.250752 4.393293 4.540121 5.733221
Median 1.965895 9 6.9 2.1 183.05 40 15.5 131 131.5 3.8 1.495 1.026 2
Maximum 19.79293 20.2 18.6 7.2 527.39 62 35 1680 148 8.2 2.78 1.04 9
Minimum 0 4.8 2.1 1 0 26 7 60 116 2.7 0.83 1.001 0
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Appendix 11 

Foals admitted to the intensive care unit, with the presence or 

absence of diarrhoea 

42 foals admitted to the intensive care unit, grouped according to the presence or absence of 
diarrhoea 



Duration Mean pH
 % time 
<pH 4

% time 
>pH 4

>80% 
time >pH4

>50% 
time >pH 
4 Ambulatory Premature Survival Nursing HyperlactataemiaHypoxic Diarrhoea Sepsis PAS/NMS Acidosis

<24h at 
admission Filly 

Evidence of 
placentitis Dystocia

26.72944 5.58 6.72 93.28 yes yes no no no no yes yes no no yes no yes no no no
4.817778 5.19 7.81 92.19 yes yes yes no no no yes no no no yes no no no no no
4.986667 5.14 13.00 87.00 yes yes no no yes no yes yes no no yes yes yes yes no yes

19.6875 7.15 0.01 99.99 yes yes no yes yes no yes no no no yes yes yes no yes no
24.93917 6.68 1.97 98.03 yes yes yes no yes no no no no no yes no no yes no no
19.15389 5.49 12.96 87.04 yes yes yes no yes no yes yes no no yes no yes no no no
26.33917 7.66 0.00 100.00 yes yes yes no yes yes no yes no no no no yes no no no
30.46139 5.63 5.46 94.54 yes yes yes no yes yes no yes no no no no yes no no no
2.115556 1.87 99.65 0.35 no no yes no yes yes no yes no no no no yes no no no

7.075 7.81 0.00 100.00 yes yes yes no yes yes yes yes no no yes yes yes yes no no
0.664444 6.14 0.00 100.00 yes yes yes no yes no no no no no yes no yes no no no

14.2325 5.88 0.54 99.46 yes yes yes no yes yes no no no no no no no yes no no
35.99389 6.67 0.54 99.46 yes yes yes no yes no yes yes no no yes no yes no no yes
18.31722 7.77 0.16 99.84 yes yes yes no yes yes no no no no no no yes yes no no
9.053889 5.83 3.16 96.84 yes yes yes no yes yes yes yes no yes yes yes no yes no no

2.745 2.58 95.00 5.00 no no no no yes no yes no no no yes no yes no no no
40.68611 7.16 0.00 100.00 yes yes yes no yes yes no no no no no no yes yes yes no
22.66944 6.47 4.63 95.37 yes yes yes no yes no no yes no no yes no yes yes no no
25.80806 2.53 80.80 19.20 no no yes no yes no yes yes no no yes yes yes yes no yes

23.585 5.28 13.07 86.93 yes yes yes no yes no yes yes no no yes yes yes yes no yes
12.73972 4.33 26.63 73.37 no yes yes yes no no no no no no yes no yes yes no no
8.144167 5.85 0.11 99.89 yes yes no no no no yes yes no no yes yes yes no yes yes

22.47 5.21 16.56 83.44 yes yes yes no yes yes yes no no no no no no no no no
25.26306 7.28 0.09 99.91 yes yes no no yes no yes yes no no yes yes yes no yes yes

9.835 5.06 0.52 99.48 yes yes no no no no yes yes no yes yes yes yes no no no
3.928889 4.40 37.22 62.78 no yes yes no yes yes yes yes no no yes no yes no no no
21.47556 3.15 75.46 24.54 no no no no yes no yes no no no yes no yes yes no yes
3.293333 6.27 0.05 99.95 yes yes yes no yes yes no yes no yes no no no no yes yes
23.22361 6.14 5.36 94.64 yes yes no no no no yes no no yes yes no yes yes no yes
30.75722 5.91 5.85 94.15 yes yes no yes no no no yes no yes yes no yes no no no
12.60722 11.31 0.10 99.90 yes yes no no no no yes no no no yes yes yes no yes yes

Mean 17.21932 5.79
s.d. 10.68449 1.79
Median 4.63 95.37
Maximum 99.65 100.00
Minimum 0.00 0.35

Diarrhoea = no 
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Duration Mean pH
 % time 
<pH 4

% time 
>pH 4

>80%
time
>pH4

>50%
time
>pH 4 Ambulatory Premature Survival Nursing HyperlactataemiaHypoxic Diarrhoea Sepsis PAS/NMS Acidosis

<24h at 
admission Filly 

Evidence of 
placentitis Dystocia

28.02194 6.17 22.56 77.44 no yes yes no yes yes no no yes yes no no no no no no
26.40583 6.47 4.48 95.52 yes yes yes no yes no no no yes no yes no no yes no no
36.18722 0.94 57.48 42.52 no no yes no yes yes no no yes no no yes no no no no
10.38194 7.09 1.37 98.63 yes yes no no yes no no yes yes no yes no yes no no no
21.60222 4.35 45.83 54.17 no yes yes no yes yes no no yes no no no yes no no yes
17.42667 6.04 7.21 92.79 yes yes yes no yes yes yes yes yes no yes no yes no yes yes
38.92278 4.81 28.83 71.17 no yes yes no yes yes yes no yes no yes yes no no no no
25.41333 4.36 35.10 64.90 no yes yes no yes yes no yes yes yes no yes no no no no
9.148889 4.90 19.79 80.21 yes yes yes no yes yes no no yes yes no yes no no no no
22.91444 4.11 49.43 50.57 no yes yes no yes no yes yes yes no yes yes yes no no no
15.92194 4.05 31.23 68.77 no yes yes yes yes yes yes yes yes yes no no yes yes no no

Mean 22.94066 4.85
s.d. 9.066589 1.59
Median 28.83 71.17
Maximum 57.48 98.63
Minimum 1.37 42.52

Diarrhoea = yes
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Appendix 12 

Foals admitted to the intensive care unit, with the presence or 

absence of a history of placentitis in the mare 

42 foals admitted to the intensive care unit, grouped according to the presence or absence of a 
history of the mare having clinical signs associated with placentitis.  



Duration Mean pH
 % time 
<pH 4

>80% 
time >pH4

>50% 
time
>pH 4 Ambulatory Premature Survival Nursing HyperlactataemiaHypoxic Diarrhoea Sepsis PAS/NMS Acidosis

<24h at 
admission Filly 

Evidence of 
placentitis Dystocia

28.02194 6.17 22.56 no yes yes no yes yes no no yes yes no no no no no no
26.40583 6.47 4.48 yes yes yes no yes no no no yes no yes no no yes no no
26.72944 5.58 6.72 yes yes no no no no yes yes no no yes no yes no no no
4.817778 5.19 7.81 yes yes yes no no no yes no no no yes no no no no no
4.986667 5.14 13.00 yes yes no no yes no yes yes no no yes yes yes yes no yes
36.18722 0.94 57.48 no no yes no yes yes no no yes no no yes no no no no
24.93917 6.68 1.97 yes yes yes no yes no no no no no yes no no yes no no
19.15389 5.49 12.96 yes yes yes no yes no yes yes no no yes no yes no no no
26.33917 7.66 0.00 yes yes yes no yes yes no yes no no no no yes no no no
10.38194 7.09 1.37 yes yes no no yes no no yes yes no yes no yes no no no
30.46139 5.63 5.46 yes yes yes no yes yes no yes no no no no yes no no no
21.60222 4.35 45.83 no yes yes no yes yes no no yes no no no yes no no yes
2.115556 1.87 99.65 no no yes no yes yes no yes no no no no yes no no no

7.075 7.81 0.00 yes yes yes no yes yes yes yes no no yes yes yes yes no no
0.664444 6.14 0.00 yes yes yes no yes no no no no no yes no yes no no no
14.2325 5.88 0.54 yes yes yes no yes yes no no no no no no no yes no no

35.99389 6.67 0.54 yes yes yes no yes no yes yes no no yes no yes no no yes
18.31722 7.77 0.16 yes yes yes no yes yes no no no no no no yes yes no no
9.053889 5.83 3.16 yes yes yes no yes yes yes yes no yes yes yes no yes no no

2.745 2.58 95.00 no no no no yes no yes no no no yes no yes no no no
38.92278 4.81 28.83 no yes yes no yes yes yes no yes no yes yes no no no no
25.41333 4.36 35.10 no yes yes no yes yes no yes yes yes no yes no no no no
22.66944 6.47 4.63 yes yes yes no yes no no yes no no yes no yes yes no no
25.80806 2.53 80.80 no no yes no yes no yes yes no no yes yes yes yes no yes

23.585 5.28 13.07 yes yes yes no yes no yes yes no no yes yes yes yes no yes
12.73972 4.33 26.63 no yes yes yes no no no no no no yes no yes yes no no

22.47 5.21 16.56 yes yes yes no yes yes yes no no no no no no no no no
9.148889 4.90 19.79 yes yes yes no yes yes no no yes yes no yes no no no no

9.835 5.06 0.52 yes yes no no no no yes yes no yes yes yes yes no no no
3.928889 4.40 37.22 no yes yes no yes yes yes yes no no yes no yes no no no
21.47556 3.15 75.46 no no no no yes no yes no no no yes no yes yes no yes
23.22361 6.14 5.36 yes yes no no no no yes no no yes yes no yes yes no yes
30.75722 5.91 5.85 yes yes no yes no no no yes no yes yes no yes no no no
22.91444 4.11 49.43 no yes yes no yes no yes yes yes no yes yes yes no no no
15.92194 4.05 31.23 no yes yes yes yes yes yes yes yes yes no no yes yes no no

Mean 18.82966 5.19
s.d 10.41065 1.59
Median 12.96
Maximum 99.65
Minimum 0.00

Placentitis = no
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Duration Mean pH
 % time 
<pH 4

>80% 
time
>pH4

>50% 
time
>pH 4 Ambulatory Premature Survival Nursing HyperlactataemiaHypoxic Diarrhoea Sepsis PAS/NMS Acidosis

<24h at 
admission Filly 

Evidence of 
placentitis Dystocia

19.6875 7.2 0.009877 yes yes no yes yes no yes no no no yes yes yes no yes no
17.42667 6.0 7.207983 yes yes yes no yes yes yes yes yes no yes no yes no yes yes
40.68611 7.2 0.003414 yes yes yes no yes yes no no no no no no yes yes yes no
8.144167 5.9 0.109144 yes yes no no no no yes yes no no yes yes yes no yes yes
25.26306 7.3 0.094561 yes yes no no yes no yes yes no no yes yes yes no yes yes
3.293333 6.3 0.050607 yes yes yes no yes yes no yes no yes no no no no yes yes
12.60722 11.3 0.096946 yes yes no no no no yes no no no yes yes yes no yes yes

Mean 18.15829 7.3
s.d 11.42002 1.726586
Median 0.094561
Maximum 7.207983
Minimum 0.003414

Placentitis=yes 
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