
Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

122,000 135M

TOP 1%154

4,800

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by IntechOpen

https://core.ac.uk/display/322446259?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


1

Chapter

Current Strategies for Prevention 
and Treatment of Equine 
Postoperative Ileus: A Multimodal 
Approach
Milomir Kovac, Ruslan Aliev, Sergey Pozyabin, 
Nevena Drakul and Albert Rizvanov

Abstract

Equine paralytic (postoperative) ileus generally refers to an acute condition of 
impaired gastrointestinal motility. Paralytic ileus is most frequently seen follow-
ing abdominal surgery on the small intestine in horses. Three main mechanisms 
are involved separately or simultaneously in its causation, namely neurogenic-
endocrinic, inflammatory-endotoxic and pharmacological mechanisms. Regardless 
of the cause, equine paralytic ileus can be fatal, if not properly diagnosed and 
treated. Over the past 22 years (1997–2019), we have diagnosed and treated more 
than 180 horses with postoperative ileus using differing methods. Based on our 
results and experience, and that of others, we have developed a multimodal strat-
egy to reduce the incidence of postoperative ileus. This has resulted in effective 
treatment of ileus-diagnosed patients in 94% of cases, a significant improvement 
in survival rates over the last 20 years. In this review, we described pre-, intra-, and 
postoperative multiple supplementary preventative and treatment procedures that 
cure this condition. These methods are dependent on individual cases but include 
the control of endotoxemia and inflammation, as well as using the least traumatic 
surgical techniques, carrying out the pelvic flexure colotomy, improved anesthesia 
techniques, treating with continuous postoperative peritoneal lavage, the use of 
fluid, antibiotic and NSAIDs therapy, according to a scheme the use of different 
prokinetic agents (including metoclopramide, neostigmine methylsulfate and 
domperidone), nasogastric decompression, management to minimize the surgical 
and postoperative stress reaction and judicious timing of postoperative feeding of 
horses.

Keywords: postoperative ileus, paralytic ileus, horse, prevention, treatment

1. Introduction

Visceral abdominal pain of the horse, defined as equine colic, is one of the 
most acute life-threatening problems facing equine practitioners [1]. The inci-
dence of equine colic has been reported as between 4 and 10 cases/100 horses/
year [2]. Colic in horses can be caused by more than 70 pathological processes in 
the gastrointestinal tract and manifests itself in many forms [3]. The diseases that 
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accompany colic in horse are often characterized by ileus. The Greek physician 
Soranus defined an ileus as “a severe and dangerous twisting of the intestines.” 
Currently, an ileus can be referred to as a symptom characterized by a complete or 
partial disturbance passage of contents through the intestinal canal, due to obtura-
tion, strangulation, spasm, ischemia, adhesions and impaired motor function 
(paralytic ileus) [4].

The definition of paralytic ileus is somewhat controversial. Paralytic ileus is 
mostly defined as a temporary or permanent cessation of propulsive contractions 
of the gastrointestinal tract, irrespective of pathogenetic mechanisms, with sub-
sequent gut dilation and accumulation of secretions and gas within its lumen [5]. 
Paralytic ileus in the horse is not a primary disorder but rather an underlying cause 
and can be classified on the basis of its etiology. More than 95% of all paralytic ileus 
cases in horses, seen after abdominal surgery, are primarily in the small intestine 
[6, 7]. Precisely for this reason, the paralytic ileus is often signified as postoperative 
ileus (POI). Once in a while, equine POI can be classified more precisely according 
to anatomical localization, for instance POI of the small intestine or POI of the 
cecum and colon. POI of the small intestine is easy to diagnose, through the pres-
ence of gastric reflux (i.a.), and impaired motor function seldom occurs in other 
parts of the gastrointestinal tract in horses too [8]. In the latter rarer cases, diagno-
sis is more of a challenge, because the presence of gastric reflux in the postoperative 
period is relatively uncommon after surgery on the large intestine in horses [9]. 
However, it must be considered also that the dysmotility in equine POI of small 
intestine may mask large intestine involvement.

In people following surgery, the return of the small intestine’s action generally 
begins around 4–8 h postoperatively and generally completes in around 24 h [10]. 
The colon resumes its function between 48 and 72 h postoperatively [11, 12]. In 
humans, based on this observation, various additional qualifying terms have been 
applied to POI, such as physiological POI, prolonged POI and recurrent POI [13]. 
This classification system can also be applied to horses, but it must be emphasized 
that the recurrent form of POI is very rare [14].

Regardless of determination or classification, equine paralytic ileus is a com-
mon and serious complication of surgery associated with highly increased odds of 
death. Reported fatality rate in horses with POI also varies widely, from 13 to 86% 
[15–18]. In one study, horses that developed postoperative ileus were nearly 30 
times less likely to survive than horses that did not develop ileus [19]. Additionally, 
equine POI leads to increased hospitalization time and treatment costs. It is for 
these reasons that since the first modern attempts to undertake abdominal surgery 
50 years ago through to today, prevention and treatment of POI are widely dis-
cussed topics in equine medicine [20, 21]. In human medicine, enhanced recovery 
after surgery (ERAS) programs exist, which include multiple pre-, intra- and post-
operative interventions, aiming to reduce the occurrence of POI [22]. Currently, in 
equine medicine, no universally-accepted approach exists for the management of 
equine POI.

Over the past 22 years, we have diagnosed and treated more than 180 horses 
with POI, using, in two veterinary clinics “Hochmoor” (Germany, 1997–2007) and 
“New Century” in Moskow (Russia, 2007–2019). In the latter times, with multiple 
pre-, intra- and postoperative procedures, not only was POI prevalence reduced 
significantly, but also following occurrences of equine POI successful treatment 
and survival were possible in more than 94% of cases. The purpose of this chapter 
review is to clarify some of the proposed key mechanisms in the pathophysiology of 
POI, share our experiences and make proposals for the prevention and treatment of 
equine POI.
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2. Normal physiology of equine gastrointestinal motility

An appreciation of the basic mechanisms that regulate gastrointestinal motil-
ity is a key component to understanding paralytic ileus. The musculature of the 
gastrointestinal tract in horses is made up of smooth muscle cells that are intimately 
associated, thus allowing them to conduct electrophysiological functions. There 
are three distinctive electrical potentials in the equine intestine: resting potential, 
slow-wave and spike potential that trigger contractions. Slow waves are rhyth-
mic pacemaker currents initiated by the interstitial cells of Cajal (ICC). Normal 
gastrointestinal motility in horses results from very complex interactions among 
the enteric nervous system (ENS), autonomic and central nervous systems, ICC, 
gastrointestinal hormones, immune cells, glial cells and local factors that affect 
smooth-muscle activity [21, 23–25]. Extrinsically, the sympathetic nervous input 
through noradrenaline has an inhibitory effect on gastrointestinal motility, whereas 
parasympathetic input increases motility. The ENS is involved in all aspects of 
gastrointestinal function, not only motility, as well as by enteric processes such 
as immune responses, detecting nutrients, microvascular circulation, intestinal 
barrier function, and epithelial secretion of fluids and ions [10]. The neurons of the 
ENS are collected into two types of ganglia: myenteric (Auerbach’s) and submucosal 
(Meissner’s) plexuses. The enteric nervous system influences the gastrointestinal 
tract either directly through neurotransmitters or indirectly through intermediate 
cells, such as the ICC, cells of the immune system or endocrine cells [10]. These 
intestinal neurons communicate through more than 25 different neurotransmitters, 
including stimulatory neurotransmitters (acetylcholine, neurokinin A, adenosine, 
substance P, motilin, serotonin and cholecystokinin) and inhibitory neurotrans-
mitters, for instance, vasoactive intestinal peptide (VIP), nitrous oxide (NO), 
neuropeptide Y, calcitonin gene-related peptide, GABA and neurotensin [26–29]. 
The endocrine system also indirectly affects regulation of the gastrointestinal tract 
motility. The hormones related to stress activity (glucocorticoids, cortico-realizing 
peptide, thyroid hormones and somatotropic hormone) have the most pronounced 
inhibitory effect on gastrointestinal tract activity. Additionally, the intestinal cells 
produce a range of hormones and hormone-like substances, some of which are also 
neurotransmitters. These substances regulate the motility of the gastrointestinal 
tract (motilin, enteroglucagon, cholecystokinin, pancreatic polypeptide and 
peptide YY) and secretory activity (gastrin, secretin, cholecystokinin, pancreatic 
polypeptide, gastric inhibitory peptide and neurotensin) and also regulate the 
production of other hormonal substances (somatostatin and gastrin-releasing 
peptide) [30].

3. Prevalence and risk factors for equine postoperative ileus

The etiology of paralytic ileus in the horse is multifactorial, and various factors 
contribute either simultaneously or at various times during the development of this 
entity. In the current literature, the incidence of POI in horses undergoing surgical 
treatment of all types of colic has been reported to range from 10 to 21% [31–33]. 
The incidence of POI in horses undergoing surgical treatment for small intestine 
lesions varies widely from 10 to 73% [1, 15, 16, 18–20, 31, 34–38]. The large varia-
tion in the reported rates can be at least partly explained by the criteria used to 
define postoperative ileus. Other forms of paralytic ileus, those that do not present 
due to equine surgery, are much less common than in humans. These include forms 
that result from metabolic derangements, acid-base abnormalities, electrolyte 
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imbalances (hypokalemia and hypocalcemia), severity stress syndrome, perito-
nitis, bacterial infection, uremia, hypoalbuminemia, abdominal trauma, burns, 
botulism, grass sickness, atrophic visceral myopathy and application of drugs and 
anesthetic agents [6, 7, 26, 32].

According to our investigation, there was no significant age or breed depen-
dence associated with the incidence of postoperative ileus in horses, but stallions 
more often had POI than geldings [39]. Our observations showed that the horses 
with a so-called hot temperament (i.e., horses with more excitable demeanors) had 
increased risks of developing POI than warm- or cold-blooded horses. The prelimi-
nary results (unpublished data) also showed that horses with behavioral symp-
toms of stress and high concentrations of cortisol in their blood in the pre- and 
postoperative time more often had POI than horses with normal concentrations of 
cortisol.

According to our observations, if pre- and during surgical intervention the 
equine jejunum had a high degree of intraluminal distension (more than 8 cm), 
postoperative ileus was more likely to occur and did so in more than 70% of the 
cases observed [32]. This is partly confirmed by other authors [15, 18]. A possible 
reason for this finding is the long onset of colic disease and high degree of endotoxic 
shock, which leads to enteric nervous system damage and a high degree of intra-
luminal jejunum distension. It has been demonstrated that decreases in intestinal 
motility through the distension of equine jejunum are partly due to decreases in 
motilin receptor synthesis [21].

Horses with small intestinal strangulating obstruction (for instance, by hernia 
inguinalis, entrapment in foramen omentalis) are at increased risk of developing 
POI, compared with obstructive ileus (for instance, by ileum or jejunum obstipa-
tion) [40, 41]. A basis for higher concentration endotoxins is that horses with 
entrapment in the foramen omentalis have lower blood pressures during abdomi-
nal surgery than horses with ileum obstipation [42]. It has also been shown that 
horses suffering from pedunculated lipoma obstruction are three times more likely 
to suffer from POI when compared with horses suffering from other intestinal 
pathologies [3]. This fact was confirmed in our own observations [4]. Many fac-
tors are associated with increased risk of POI in horses with pedunculated lipoma 
 obstruction, for instance age-related decreases in intestinal density of the enteric 
neurons and glial cells, rapidly developing endotoxic shock and perhaps also high 
colic pain, which lead to enormous activation of the sympa thetic nervous system.

Numerous studies have shown that long duration of colic disease, with evidence 
of endotoxin shock (high pulse rate and hemoconcentration), the presence of >8 l 
of reflux at admission, anesthesia for longer than 2.5 h, and the performance of a 
small intestinal resections pose enormous risks for POI development [15, 31, 43, 44]. 
Based on our results, the risk of developing POI and other fatal complications were 
associated with increased duration of surgery [14]. Surgical techniques also affect 
the incidence of POI in horses. The ability to perform a safe bowel resection and 
anastomosis techniques also affects the incidence of POI in horses; for instance, the 
use of jejunocecostomy has been associated more often with the development of 
POI when compared to horses in which end-to-end jejunos tomy is performed [45]. 
One possible reason for this fact is possibly that the end-end jejunostomy is done 
more rapidly, and therefore duration of surgery and anesthesia is shorter than by the 
jejunocecostomy.

Other postoperative complications such as primarily postanesthetic myopathy 
and peritonitis increased the rapid risk of POI development in horses [46]. Other 
postoperative complications after colic surgery for example incisional infection, 
herniation and dehiscence, jugular vein thrombophlebitis, laminitis, adhesions and 
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diarrhea had no important influence on the development of POI; however, these 
complications tend to develop later during the postoperative period in horses [39].

4. Pathophysiology of equine postoperative ileus

The pathogenesis of postoperative ileus is complex, with multiple factors contrib-
uting either simultaneously or at various times during the development of this entity. 
The classical view in the pathogenesis of POI involves two phases: an initial neuro-
genic phase resulting in immediate postoperative impairment of intestinal motility 
and a subsequent inflammatory phase lasting for several days [24, 30, 37, 47]. On the 
basis of our observations, we expanded this view into three (or five) main mecha-
nisms, which either independently or in combination are involved in the causation of 
equine postoperative ileus, namely inflammatory-endotoxic mechanism, neurogen-
endocrinic mechanism and pharmacological-anesthetic mechanisms. However, the 
importance of each contributing mechanism may vary over time, with considerable 
overlap and possible interactions; therefore, this division is conditional.

4.1 The role of inflammation and endotoxemia

Postoperative inflammation of the small intestine (and nearly imperceptibly of 
equine large intestine) is an important factor in the pathophysiology of equine POI 
[9, 48]. It is well known that inflammation is a biological response of the immune 
system, blood vessels and molecular mediators to a broad range of different stimuli 
such as pathogens, endotoxins, and physical and chemical irritants. There are a 
lot of inflammatory agents to take into consideration in POI, for instance, specific 
intestinal pathology and tissue injury (including obturation, strangulation and 
adhesion), bacteria, endotoxins, surgical trauma and manipulation [49–53]. The 
classical intestinal inflammation following paralytic ileus occurs by the duodenitis-
proximal jejunitis (DPJ). This syndrome is caused primarily by toxic and infectious 
agents (e.g., Salmonella and Clostridium perfringens) [4, 44].

Horses with strangulating lesions of the small intestine have been shown to have 
various degrees of serosal and neuromuscular inflammation and high numbers of 
apoptotic cells (including smooth muscle, enteric neurons and glia), possibly due 
to intestinal ischemia and reperfusion injury [23, 54–57]. According to different 
studies, equine POI might actually be triggered by a primary disturbance of the 
smooth muscles’ ability to contract, and how the number of smooth muscles or 

Figure 1. 
Histological appearance of the jejunum in a horse affected by postoperative ileus. Note the mucous membrane 
maintaining its correct structure. In the submucosal layer and on the border with the inner muscle, extensive 
delaminating hemorrhage and leukocyte reaction were determined. Muscle fibers of the inner muscle layer with 
pronounced dystrophic changes in the cytoplasm were present. Ganglion cells in the intramuscular layer were 
not detected; in their place, a loose, weakly basophilic fibrous connective tissue with single mononuclear cells 
was present. The serosa was moderately edematous. H&E stained, ×10 magnification.
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neural receptors has changed through a leukocytic and macrophage inflammatory 
response, primarily within the intestinal muscularis externa (Figure 1) [58–60]. 
Potentially due to different inhibitory mediators (NO, SP, VIP and NPY), cytokines 
(TNF, IL-1b, IL-6 and IL-10), monocyte chemotactic protein-1, prostaglandins, his-
tamine, mast cell proteinase-1, tryptase, reactive oxygen intermediates, defensins 
and adenosine secreted from the muscularis externa during intestinal inflammation 
and abdominal surgery [49, 61–64]. This local molecular inflammatory response 
increases prostaglandin E2 levels in the peritoneal cavity that correlates temporally 
with the development of postoperative ileus [13, 65, 66]. According to our former 
investigations, in most cases of equine abdominal surgery, during three postopera-
tive days, the concentration of leukocytes is markedly increased (sometimes up to 
100 × 109/l) as are total plasma proteins in the peritoneal cavity [39]. In the horse, 
postoperative neutrophilic and eosinophilic inflammation of the jejunum has been 
identified up to 18 h postoperatively [55, 67].

In intestinal inflammation, pathogen-associated molecular patterns or PAMPs 
have important roles. These molecules can be referred to as small molecular motifs 
conserved within a class of microbes. Bacterial lipopolysaccharides or endotoxins 
found on the cell membranes of Gram-negative bacteria are considered to be the 
prototypical class of PAMPs. The endotoxins are very potent and are widely spread 
inflammation-inducing substances. One of the basic characteristics of almost all 
gastrointestinal disorders in horses (primarily by different forms of strangulation 
ileus) is the development of the endotoxic shock [68]. The mucosal barrier of the 
equine intestine normally efficiently restricts the transmural movement of endo-
toxins and bacteria. However, whenever the integrity of the mucosal barrier is lost, 
as occurs with inflammation or ischemia of the intestinal wall, endotoxins cross 
into the portal blood and peritoneal cavity [69]. The generally accepted scheme for 
endotoxin binding is to CD14-bearing receptor cells (monocytes, macrophages, 
dendritic cells, and possibly vascular endothelial cells), which then associates with 
the TLR4-MD-2 complex to initiate a downstream signal, causing a proinflamma-
tory response, such as leukocyte recruitment [53]. Macrophage-derived cytokines 
(such as IL-1b and TNF), as well as arachidonic acid metabolites (i.e., prostacyclin 
and thromboxane), are responsible for many of the pathophysiologic consequences 
of endotoxemia and tissue injury in equine colic cases. Endotoxins among other 
things activate inducible nitric oxide synthase (iNOS) in intestinal macrophages 
[66]. The resultant increase in NO release stimulates decreased smooth muscle 
contractility. In healthy ponies, IV infusion of endotoxin also resulted in inhibition 
of motility in the stomach, cecum, left dorsal colon, and small colon [70]. However, 
no nasogastric reflux was observed. Although motility in the small intestine was 
increased, its myoelectric pattern was abnormal. The effects of endotoxins on 
motility were partially mediated by PGE2 possibly stimulating alpha-2 adrenergic 
receptors [28, 51, 71]. A platelet-activating factor (PAF) antagonist suppressed 
some of the endotoxin-induced inhibition of motility in horses. These findings led 
to the conclusion that the PAF may also play a role in the development of POI [68].

The degree of endotoxic shock in horses is directly dependent on the forms and 
time span of gastrointestinal disease [72]. As the concentration of Gram-negative 
bacteria is highest in the large intestine of horses, the release of endotoxin and 
development of endotoxic shock are logically expected in pathologies of this part of 
the gastrointestinal tract, for instance by volvulus or colitis [43]. In the small intes-
tine of horses, different population of Gram-negative bacteria exist, but in lower 
concentrations than observed in the large intestine. It would therefore be expected 
that in this case the endotoxins would not play a decisive role in development of 
POI. In contrast to this theory in one study of colic cases, the highest endotoxin 
concentrations were found in horses with entrapment in the foramen omentalis, 
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pedunculated lipoma obstruction and volvulus (torsion) of the large colon [72]. 
A significant impairment of small intestine transit has been shown in a rat model of 
colonic manipulation, which occurred even when the small intestine was surgically 
isolated [73]. These findings led to the conclusion that colonic manipulation induces 
an inflammatory response in the muscularis of the small intestine that is initiated 
and maintained by the release of endotoxins from the colon.

One potential trigger for intestinal inflammation not only endotoxins, as well the 
damage-associated molecular patterns (DAMPs) which realase by extensive surgical 
intestinal manipulation, luminale distension and resection [6, 7, 48, 52]. DAMPs are 
host biomolecules that can initiate a noninfectious inflammatory response. DAMPs 
are mostly cytosolic proteins and materials derived from the extracellular matrix 
(including hyaluronan fragments, ATP and heparin sulfate) and are generated follow-
ing tissue injury [6, 7]. An activation of resident muscularis macrophages in the small 
intestine through DAMPs results in recruitment of intracellular signaling pathways 
(p38, JNK/SAP) and the release of pro-inflammatory cytokines [6, 7, 37]. Inducible 
NO synthase (iNOS) and cyclooxygenase-2 (COX-2) upregulation then facilitates the 
production of NO and prostaglandins, both of which impair the contractile activity 
of the small intestine [52, 74, 75]. It additionally reduces lymphatic drainage with the 
occurrence of intestinal edema, which further impairs intestinal motility [76].

4.2 The role of the neurogen-endocrinic factors

The sympathetic division of the autonomic nervous system maintains internal 
organ homeostasis and initiates the stress response. In addition, sympathetic 
(adrenergic) hyperactivity results in the reduction of propulsive intestinal motil-
ity [8, 77, 78]. In the early component of ileus, the sympathetic neural pathways 
are activated already in the preoperative period, primarily through intestinal 
distension or strangulation (i.e., through initial colic pain), but inflammation and 
surgical manipulation and incision of the intestines and abdomen wall additionally 
stimulate afferent nerve fibers that subsequently activate peripheral, spinal and/or 
supraspinal reflex pathways [8, 15, 24, 27]. The sympathetic hyperactivity is ampli-
fied through various preoperative stressors (i.e., transport to clinic, unfamiliar 
surroundings with unknown caretakers, restraint of the horse for examination and 
rectal investigation) and also in the postoperative period of horse, initially by the 
recovery from anesthesia, but also in many postoperative diagnostic and manage-
ment procedures (such as tying in stall, fasting, gastric decompression and blood 
collection) [24, 79]. There is overwhelming experimental and clinical evidence that 
different stress paradigms influence gastrointestinal motility [47, 80–82].

Sympathetic hyperactivity in horse primarily depends on the intensity of the 
nociceptive (pain) receptor stimulus [83]. Numerous nociceptors of sensory intes-
tinal neurons by tissue damage or surgical manipulation send signals to the spinal 
cord and further to specific hypothalamic and pontine-medullary neurons. Within 
this pathway, corticotropin-releasing factor (CRF) plays a central role in inhibiting 
gastric and small intestinal motor function (but not of the colon) via interaction 
with the CRF-R2 receptors [82, 84–88]. The CRF stimulates neurons in the supra-
optic nucleus of the hypothalamus, which send projections to the spinal cord, 
including the intermediolateral column of the thoracic cord, where sympathetic 
preganglionic neurons are located [88, 89]. At this point, inhibitory sympathetic 
efferent neurons are activated. Norepinephrine is released by sympathetic neurons 
at the enteric ganglia, which inhibit the release of the excitatory neurotransmitter 
acetylcholine by stimulating α2-receptors located presynaptically on cholinergic 
neurons [21]. This causes a depression of smooth muscle contractions in the gastro-
intestinal tract.
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Activation of CRF receptors in the hypothalamus of horses mediates almost 
the entire repertoire of behavioral, neuroendocrine, autonomic, immunologic and 
visceral responses characteristic of stress syndrome [77, 90]. CRF release is the first 
step in activation of the hypothalamic-pituitary-adrenal axis (HPA axis) involved 
in stress response. The magnitude and duration of the activation in the HPA axis 
are proportional to the initial tissue damage and surgical injury, but also in other 
perioperative stress conditions. The pituitary gland responds to CRF by synthesizing 
a larger precursor molecule, proopiomelanocortin, which is metabolized within the 
pituitary into ACTH, β-endorphin and N-terminal precursor. Growth hormones and 
prolactin are also secreted in increased amounts from the pituitary in response to a 
surgical stimulus. Surgery is one of the most potent activators of ACTH and cortisol 
secretion; therefore, increased plasma concentrations of both hormones in human 
can be measured within minutes of the start of surgery [91]. Usually, a feedback 
mechanism operates so that increased concentrations of circulating cortisol inhibit 
further secretion of ACTH. This control mechanism appears to be ineffective after 
surgery resulting in elevated concentrations of both hormones [80]. Cortisol has 
known complex metabolic effects on the metabolism of carbohydrate, fat and 
protein. Cortisol impairs inflammation, which is helpful in the short term during 
conditions such as ‘fight-or-flight,’ also referred to as hyperarousal, or the acute 
stress response. In response to surgical trauma, massive levels of catecholamine 
(adrenaline, noradrenaline and dopamine) and glucagons are also released, while 
serum insulin concentrations decrease relatively [91]. The overall metabolic effect of 
the hormonal changes is increased catabolism, which mobilizes substrates to provide 
energy sources, and a mechanism to retain salt and water and maintain fluid volume 
and cardiovascular homeostasis [86]. According to our own preliminary research 
results (unpublished data), the cortisol levels increased from a baseline in the 
postoperative days after colic surgery, but more remarkably in POI group horses.

It seems that upon inflammation, there are numerous neurotransmitters that are 
mediated through surgical and postoperative stress, which caused disturbances in 
the motility of the gastrointestinal tract [92]. In an experimental model in ponies, 
using jejunal trauma through sympathetic reflexes and inflammation, electrical 
activity was decreased and the normal synchrony of gastric and duodenal MMCs 
was disrupted [8]. Intestinal manipulation of the small intestine in rodents impairs 
intestinal transit, through an inhibitory adrenergic pathway, because its sympa-
thetic blockade is not always successful in reversing the inhibition of gastrointes-
tinal motility induced by abdominal surgical procedures [93, 94]. In addition to 
sympathetic reflexes, surgical manipulation of the intestines activates inhibitory 
non-adrenergic, non-cholinergic (NANC) neurons in the gastrointestinal tract, 
resulting in the release primarily of NO and VIP, the consequences of which result 
in decreased gastrointestinal motility [93, 95, 96]. Substance P, which is a neu-
rotransmitter involved in pain, has also been hypothesized to have a role in postop-
erative ileus [85]. In a model of POI in rats, where mechanical trauma to the small 
intestine and cecum was used, reserpine (which depletes catecholamine stores) and 
L-nitroarginine (a nitric-oxide synthase inhibitor) completely reversed the inhibi-
tion of ingesta transit. This finding supported the involvement of adrenergic and 
nitrergic neurons in the pathogenesis of POI [93]. As blockade of the calcitonin-
gene-related peptide resulted in a similar effect, this peptide may be one of the 
neurotransmitters released by these afferent fibers and partly mediate postopera-
tive ileus [97]. Additionally, endogenous opioids are also released after surgery and 
contribute toward postoperative ileus [92].

Other changes also occur following surgery stress, notably an increase in cytokine 
production. In human patients after surgery, cytokines IL-1, TNF-α and IL-6 may 
augment pituitary ACTH secretion and subsequently increase the release of cortisol. 
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A negative feedback system partially exists; therefore, glucocorticoids inhibit 
cytokine production and inflammation [98].

Most studies concentrate on central mechanisms whereby a stressful event 
perceived by the brain triggers neuronal and hormonal reflexes that influence the 
gastrointestinal motility. According to one study, the intestine produces the same 
stress peptides that are present in the central nervous system [99]. A local stressor, 
in this case endotoxins, results in the local generation and action of stress peptides 
that mediate inflammation without involving the central nervous system. In other 
words, the peripheral stressors induce local release of CRF possibly from enteric 
neurons and immune cells [88]. Peripherally derived CRF may act on the enteric 
nervous system and mast cells to induce inflammation and control motility and 
secretion [89].

4.3 The role of drugs and anesthetic agents

The pharmacological mechanisms of postoperative ileus are well described in 
the literature. Xylazine and detomidine are α2-adrenergic agonists and are com-
monly used in horses for sedation and pain control. Activation of presynaptic 
α2-adrenergic receptors within the enteric nervous system inhibits ACh release 
from cholinergic neurons, thereby suppressing intestinal contractions in normal 
ponies, primarily of the distal jejunum, pelvic flexure, cecum, and right ventral 
colon [100–102]. Although the use of α2-agonists has been reported to suppress 
intestinal motility, no direct significant associations have been made between POI 
and sedation or type of sedative used.

Anesthesia gases do have an effect on intestinal motility, and the longer anesthe-
sia lasts, the greater the actions [85]. Based on our observations during 1997–2000, 
the incidence of POI was greater than after the year 2000. One of the reasons for 
this was that the active use of halothane was stopped, and we began to use isoflu-
rane as an anesthetic gas. Other studies have also shown that anesthetic drugs such 
as halothane and atropine tend to decrease gastric emptying and inhibit intestinal 
motility, with the greatest effect on the colon and cecum and they can initiate 
cecal impaction in horses [103–105]. Interestingly, the cecal impaction occurs more 
commonly after orthopedic procedures [106]. Therefore, general anesthesia herein 
appears to be a less likely primary cause of cecal and small intestine motility dys-
function [104, 107]. Possibly, persistent pain after orthopedic procedures, resulting 
in sympathetic overstimulation, is a significant contributing factor.

5. Diagnosis of equine postoperative ileus

Large intestinal dysmotility is commonly recognized following a delay in defecation 
and also by rectal and/or ultrasonographic examination. There are different criteria for 
the diagnosis of equine small intestine POI in the literature [15–17, 108, 109]. Based on 
our previous experience and regardless of the rare cases of exclusion, the main criteria 
for diagnosis of POI of small intestine are as follows:

1. Postoperative period during 1–7 days after abdominal surgery. Most cases of 
POI occur within 12–48 h after recovery from anesthesia.

2. Postoperative reflux of ≥2 l upon any given intubation, or > 2 l/h on repeated 
intubation, of gastric contents with pH ≥ 6.0. Another study defined cases of 
postoperative ileus as horses with >20 l during a 24-h period, or >8 l during any 
single refluxing event [110]. Merrit and Blikslager [111] suggested the adoption 
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of a consensus on the classification of clinical criteria for POI, which included 
≥4 l on any given intubation or > 2 l/h on repeated intubation. In most of 
our cases of POI, an average of 8–12 l, if intubation is performed every 4–5 h 
(i.e., approximately 2 l/h of fluid accumulate in the stomach). If more reflux 
is noticed, other pathologies are possible (e.g., mechanical obstructions and 
anastomotic leaks).

3. Moderate abdominal discomfort, which intensifies every 4–5 h after the last 
intubation. The response to nasogastric decompression provides an important 
clue that the problem is functional (i.e., POI). If a high degree of pain is no-
ticed and continues, other gastrointestinal pathologies are possible.

4. Heart frequency 40–65 beats/min, if intubation is performed every 4–5 h.

5. Hematocrit 0.40–0.50 l/l, if standard infusion therapy is performed. If a high 
hematocrit is noticed, other gastrointestinal pathologies are possible.

6. Evidence of multiple fluid-distended small intestinal loops on rectal  
examination.

7. Ultrasonographic evidence of multiple fluid-distended small intestinal bowel 
loops (≥3 cm), edema and lack of motility in different parts of the equine 
abdomen (Figure 2) [112–114].

8. Borborygmi are usually decreased, especially the absence the ileocecal noise 
dorsally behind the right costal arch [48, 115].

6. Prevention and treatment of equine postoperative ileus

Since the treatment of this condition is very complex, and the complications are 
often fatal, the prevention strategy of POI is a very important way to improve the 
survival rate of horses that have undergone abdominal surgery [34, 109]. There are 
many methods and procedures and prophylactic and therapeutic choices for equine 
POI, depending on each individual case. The preventive strategies come from better 

Figure 2. 
(A) Transcutaneous ultrasonogram in a horse with POI before surgery in region 3 l with evidence of multiple 
fluid-distended small intestinal bowel loops [113]. (B) Jejunojejunal distension identified during repeat 
celiotomy in the same horse.
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understanding the pathogenesis of this condition and treatment of POI must first 
address the underlying cause(s). The prophylactic and treatment strategies of the 
equine POI we are currently proposing are a multimodal regimen, which can be 
divided into three phases pre-, intra- and postoperative. The proposed multimodal 
treatment approach should include limiting factors, which are known to contribute 
to postoperative ileus. Each phase has the same significance in survival rate of 
equine POI.

6.1 Preoperative strategies in the prevention of equine POI

The long onset of colic disease producing high degree of endotoxic shock, in 
accordance with our earlier findings [32], are strongly associated with an increased 
risk for POI development. In this regard, it is appropriate to again highlight the 
importance of timely referral and prompt surgical intervention in surgical (stran-
gulation) colic cases for the prevention of POI. Additionally, time from onset of 
colic to surgery has a decisive role not only in prophylactic but also in terms of a 
successful treatment by occurrence of equine POI. Failure to refer promptly leads 
to not only POI but also the occurrence of other perioperative complications by 
abdominal surgery in the horse. Approximately, every hour of tardiness with 
surgical interventions in a horse with strangulation ileus (for instance, by small 
intestine or large colon volvulus) reduces the survival rate from 5 to 10%, due to 
the rapid development of endotoxic shock [4, 116]. We found a significant correla-
tion between the occurrence and survival of POI with colic duration in horses with 
inguinal hernia (r = 0.72) and epiploic foramen entrapment (r = 0.78), and partially 
(not significant) due to ileum obstipation (r = 0.41) [40, 41, 45]. According to 
our recent study in 33 horses with entrapment in the epiploic foramen, surgery 
performed within 6 h from onset of colic had a survival rate of 87%, compared with 
25% survival with surgery 10 h or more after onset [40].

It is important even before the onset of surgery to prepare, applying medicaments 
that reduce endotoxin release and alleviate inflammation effect, for instance, the 
application of NSAIDs (flunixin meglumine), corticosteroids (prednisolone) and 
antibiotics. Administration of corticosteroid drugs to critically ill surgical colic horses 
results in a significant reduction of shock symptoms. The use of these drugs should 
certainly continue in the postoperative period [26]. Antimicrobials should be admin-
istered intravenously, ideally within 30–60 min before the first surgical incision. For 
horses undergoing abdominal surgery in the perioperative period, we introduced the 
following antibiotics: cobactan® 2.5% (cefquinome) (IM 3 mg/kg BW) for 5 d; gen-
tamicin (6.6 mg/kg BW, IV, q24h) and metronidazole (20 mg/kg BW IV, four times 
daily) for 3 days. Additionally, if time permits, during urgent transport to the equine 
clinic, horses should have a balanced polyionic intravenous fluid applied in order 
to reduce hemoconcentration. It is advisable that before abdominal surgery horses 
should have a hematocrit level of below 0.45 l/l. In cases of metabolic acidosis, 5% 
sodium bicarbonate solution should also be administered. We used pre- and intraop-
erative the hypertonic saline (NaCl 8.0%) only in horses with severe endotoxic shock 
and if in doubt on the presence of intestinal edema [40].

6.2 Intraoperative strategies in the prevention of equine POI

Surgical procedures and anesthesia affect the development of POI in horses (as 
discussed above). Operative management should be aimed at reducing duration of 
surgery and anesthesia in addition to other preventative strategies. In this aspect, 
an important role is played by a high-performing multidisciplinary surgical team 
with experience and knowledge as this optimizes surgical procedures. During the 
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abdominal surgery, the least traumatic surgical methods should be selected and 
performed and these should be carried out as efficiently and therefore quickly as 
possible. The degree of inhibition of circular muscle contractility is related directly 
to the magnitude of leukocyte and macrophage infiltration, which in turn depends 
on the intensity of intestinal manipulation; therefore, every effort should be made 
to reduce intestinal trauma. One surgical method able to reduce surgery time is the 
use of the stapled technique for jejunal resections [117]. As already described above, 
other postoperative complications in horses undergoing abdominal surgeries have an 
impact in developing POI, notably by postanesthetic myopathy [118, 119]. Therefore, 
special attention must be paid to optimizing blood pressure during abdominal sur-
gery. For these purposes, anesthesia monitoring should be carried out at all the time, 
and if a decrease in blood pressure (defined as mean arterial pressure <70 mmHg) is 
observed, a dobutamine injection should be administered [42, 46]. In cases of severe 
anesthetic hypoxia (PO2 < 70 mmHg), one ought to have the issue resolved in a 
timely manner with intermittent positive pressure ventilation (IPPV) with constant 
positive end-expiratory pressure.

Several methods have recently been developed to decrease the rate of other sur-
gical complications [35, 117]. The methods of minimizing postoperative adhesions 
are the application of meticulous atraumatic surgical technique, use of a bioresorb-
able hyaluronate-carboxymethylcellulose membrane [118, 120], administration of 
heparin [40], omentectomy [121] and performing intraoperative peritoneal lavage 
[39]. In the case of strangulating obstruction of the small intestine, the bowel 
to be resected and discarded should be placed over the edge of the surgical field 
while removing the contents of the small intestine. Performing a pelvic flexure 
enterotomy may also reduce POI risk [110], which has also been confirmed dur-
ing our observations [45]. The protective influence of these procedures may be 
attributable to a reduction in the intraluminal source of endotoxin, but the potential 
value of evacuating the colon should be weighed against the increased anesthesia 
time required to perform the surgery, as both factors have been associated with an 
increased risk of POI [106].

6.3 Postoperative strategies in the prevention and therapy of equine POI

Postoperative strategies in the prevention and treatment of equine POI are 
numerous and dependent on each individual case [26]. This can be divided into 
standard supportive postoperative procedures and procedure by risk for the patient. 
Under standard management, the following should be considered: regular basic 
clinical measurements (every 4–5 h) including heart and respiration frequency, 
temperature, auscultation of bowel sound, and of laboratory parameters including 
hematocrit, total plasma protein and acid-base state of the blood. In the standard 
postoperative procedures, several checks should be undertaken. We used at least 3 
days administration of balanced polyionic intravenous fluid. The amount and length 
of time of the infusion solution are dependent on blood parameters; on average, we 
applied 2.5–3 l/h/500 kg BW. Dehydration and electrolyte imbalances are com-
monly encountered as a result of abdominal disorders and surgery. Even though a 
horse is stabilized in the perioperative period and the primary problem is corrected, 
continued replacement of previous and ongoing fluid losses is critical for a success-
ful outcome. If a horse has gastric reflux, the use of the infusion solution should be 
continued throughout this condition. Given that the introduction of a large number 
of solutions provokes the development of thrombophlebitis of the jugular veins, it is 
recommended that a central catheter is installed through the abdominal vein.

In all horses without and with POI after abdominal surgery, NSAIDs should 
be administered such as flunixin meglumine (1.1 mg/kg BW, IV, q12h initially for 
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2 days, then 0.55 mg/kg BW, IV, q12h for at least 2 days). Flunixin meglumine 
controls postoperative pain and improves the cardiovascular manifestations of 
endotoxemia. Additionally, flunixin meglumine has been shown to significantly 
attenuate the disruption of gastric, small intestine, and large colon motility elicited 
by endotoxin infusion [49]. Additional treatments include anti-oxidant medica-
tions, which prevent the generation of chemoattractants: DMSO (20 mg/kg BW in 
1 l saline IV bolus, q12h) and sodium heparin (20,000 IU, SQ , q12h). In all post-
operative horses without gastric reflux, we applied obligatory laxatives (2 l liquid 
paraffin, p.o.) after abdominal surgery. For the prevention of incisional infection, 
horses received abdominal bandages during hospitalization. The bandages con-
sisted of sterile absorbent cotton padding next to the incision secured by elastic 
adhesive tape.

6.4 Postoperative peritoneal lavage

Postoperative peritoneal lavage has been used in an attempt to reduce the rate 
of postoperative adhesions [119], but this procedure decreases occurrence and 
increases survival rates of equine POI [39]. Thus, in horses with a high risk of POI 
and who additionally showed symptoms of peritonitis, we performed retrograde 
peritoneal lavage through a Foley catheter, which was installed into the abdominal 
cavity prior to closure of the abdominal incision. For abdomen lavage, we used 
sterile physiologic saline or Ringer’s lactate solution (10–15 l) containing amoxicillin 
(5 g) and 20,000 units of sodium heparin.

6.5 Prokinetic drugs for the treatment of equine postoperative ileus

The use of prokinetics in horses with POI is only part of the treatment and is not 
defined as a unique technique toward the survival rate of this disease, only working 
in combination with other methods [5]. The effectiveness of some prokinetic drugs 
in horses is associated with the difficulties of conducting a well-designed, random-
ized clinical trial with homogenous groups of animals [38]. None of the intestinal 
prokinetic agents have been subject to rigorous clinical efficacy trials [122]. This 
statement is supported by the fact that the contractile response of intestinal 
smooth muscle to prokinetic drugs is significantly impaired in many horses with 
POI. Prokinetic motility drugs are also commonly used following abdominal sur-
gery in humans to prevent ileus, although a Cochrane review examined 39 random-
ized controlled trials and found most medications to be of little or no benefit [6, 7]. 
There are numerous prokinetics drugs that can be used by POI in the horse, which 
have differing mechanisms of action and different efficiency rates [26].

6.5.1 Parasympathomimetic agents (cholinomimetics)

Parasympathomimetic agents (cholinomimetics) are drugs that mimic the 
effects of the parasympathetic nervous system activity. Directly acting parasym-
pathomimetic agents, bethanechol chloride, improve myoelectric activity in the 
stomach, jejunum, ileum, and large and small colons of horses, but produce sig-
nificant cholinergic side effects (increased salivation), and therefore are not used 
as a standard in equine praxis [71, 101]. In horses with POI, applications are mostly 
indirectly acting parasympathomimetic agents such as neostigmine methylsulfate. 
Neostigmine is a cholinesterase inhibitor that prolongs the activity of acetylcholine 
by retarding its breakdown at the synaptic junction [102, 123]. Neostigmine has 
been shown to delay gastric emptying and decrease jejunal myoelectric activity, 
but enhances myoelectric activity in the ileum, cecum, right ventral colon and 
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pelvic flexure activity in healthy ponies [71, 122]. These results suggest that the 
drug would not be appropriate for gastric and small intestinal problems but may be 
beneficial for large intestinal motility dysfunction. However, neostigmine increased 
the amplitude of rhythmic contractions in both the resting and distended jejunum 
in anesthetized ponies, and it induced contractile activity in the ileum, supporting 
its use for motility dysfunction in both the small and large intestine [26, 29, 124]. 
Based on our clinical impressions, neostigmine if used as monotherapy repeated at 
60 min intervals (during 24–48 h) has significant beneficial effects in the treatment 
of colitis cases, but not in POI of the small intestine [43].

6.5.2 Sodium channel blockers

Sodium channel blockers—lidocaine is currently a prokinetic agent, which is 
most frequently used for the treatment of POI in equine practice, although scien-
tific evidence on its prokinetic and analgesic effectiveness is limited [33, 124–128]. 
Lidocaine has antinociceptive, antihyperalgesic, and anti-inflammatory effects [6, 7]. 
In an investigation within a UK hospital population, lidocaine therapy had no effect 
on the prevalence of postoperative reflux, total reflux volume or duration of reflux 
and as well as no effect on postoperative survival in horses undergoing abdominal 
surgery [129]. According to our observations, lidocaine if used as monotherapy has 
little positive effect on the treatment of equine POI and is significantly inferior to a 
combination of prokinetic drugs [32].

6.5.3 Drugs acting as 5-hydroxytryptamine receptors

Drugs acting as 5-hydroxytryptamine receptors include metoclopramide, 
cisapride, mosapride citrate and tegaserod [36, 130–132]. Metoclopramide hydro-
chloride (MCP) is a first-generation substituted benzamide whose prokinetic 
activity is both through dopamine 1 (DA1) and 2 (DA2) receptor antagonism 
and through 5-HT 4-receptor (5-HT4) agonism and 5-HT3 receptor antagonism 
[11]. Stimulation of DA2 receptors inhibits the release of acetylcholine, and 
stimulation of 5-HT4 receptors enhances the release of acetylcholine from the 
myenteric ganglia. MCP is a drug, which for a long time has often been used in 
the prevention and treatment of equine POI, but results in published studies have 
been variable [5, 8, 21, 130]. The prokinetic capacity of metoclopramide appears 
substantial in the equine stomach, duodenum and jejunum, but not in the large 
intestine [128, 133].

6.5.4 Motilin agonists

Motilin agonists include erythromycin lactobionate, and a macrolide antibiotic 
has been shown to significantly increase solid phase gastric and dose-dependent 
cacal emptying and is thought to exert prokinetic effects via activation of motilin 
receptors [20, 21, 36]. The prokinetic effects of erythromycin reported in healthy 
horses were not the same in horses with gastrointestinal disease [110, 122, 128].

6.5.5 Adrenergic antagonists

Adrenergic antagonists include acepromazine maleate, a nonselective 
α-adrenergic antagonist, and yohimbine, tolazamide, and atipamezole, which are 
selective α2-adrenergic antagonists. Their use as prokinetics is based on the assump-
tion that sympathetic hyperactivity contributes to POI, but their beneficial effects 
are not well understood [6, 7].
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6.5.6 Dopamine antagonist

Dopamine antagonist—domperidone is a selective peripheral DA2 receptor 
antagonist [26]. In a preliminary experimental model of POI in ponies, domperi-
done was effective in restoring transit time, electromechanical activity, and coordi-
nation of gastric and intestinal cycles [134].

6.5.7 Combination of prokinetic drugs

Combination of prokinetic drugs—based on our research, the best medicinal 
method for prevention and treatment of equine POI is a combination of three 
drugs, according to the needs of the individual scheme of each case [5, 14, 32]:

1. Neostigmine methylsulfate (in a dose of 0.004 mg/kg per 2 h, i.e., 2 mg per 
500 kg BW, subcutaneously)

2. Metoclopramide (in a dose of 0.01–0.02 mg/kg per 2 h, i.e., 5–10 mg per 
500 kg BW, subcutaneously or intravenously)

3. Domperidone (in a dose of 0.16 mg/kg orally, every 8 h)

We found that the prophylactic perioperative use of these drugs in risk horses 
to reduce the incidence of POI, and by occurrence of ileus significantly improved 
survival rate [5, 14, 32]. These prokinetic drugs should not be applied at the same 
time (little benefit), but strictly in turn. Why these drugs benefit only in turn in 
combination and not at the same time is unknown. Neostigmine methylsulfate and 
metoclopramide were applied alternatively between each other in 60 min intervals, 
so that every horse received each of the drugs every second hour (i.e., 1 h neostig-
mine methylsulfate was administered and in the second hour metoclopramide was 
given). We used this therapeutic regimen for POI horses continuously for several 
days until a result was obtained (complete absence of gastric reflux), and usually, 
this happened within 24–90 h. The withdrawal of these drugs should take place 
gradually throughout a few days. On average, this occurred 5–6 days after the onset 
of equine POI. If sharp withdrawal of these prokinetics is undertaken, a relapse of 
gastric reflux is possible.

6.6 Nasogastric decompression

Nasogastric decompression is a classic supportive treatment that prevents gastric 
dilation in horses with POI. We performed this procedure in horses that showed 
gastric reflux, it was applied regularly every 4–6 h, and most horses begin to show 
clinical signs (colic) associated with excessive fluid accumulation in the stomach. 
Retaining an indwelling tube for 12–15 h in horses with POI was performed only in 
cases where animals showed extensive stress syndrome by intubation.

6.7 Judicious timing of feeding

Horses without gastric reflux were allowed access to water within 12–18 h after 
abdominal surgery and were provided with small amounts of feed at 18–30 h after 
surgery. Initially, small amounts of grass hay or small amounts of bran mash with 
100 ml laxatives were fed every 3–4 h. The quantities were gradually increased daily 
until the horses were allowed to freely eat hay by choice (usually by 21 days after 
surgery).
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Freeman and coworkers were able to show that of the horses taken to surgery for 
small intestinal disease, only 10% developed postoperative ileus [17]. According 
to the authors, one key management factor in prophylactic procedures of POI was 
early re-feeding, where horses were offered water and small amounts of hay within 
18–24 h of the completion of surgery for small intestinal disease. Early feeding 
following abdominal surgery is a commonly applied prophylactic approach in 
human medicine, as well. It is hypothesized to promote restoration of gastrointes-
tinal motility via the release of neuropeptides in response to solid feed ingestion. 
In humans, it is known that chewing gum is a type of sham feeding that promotes 
intestinal motility through cephalic-vagal stimulation [6, 7, 135].

According to our opinion, the judicious timing of feeding in horses with POI 
is when no signs of reflux are apparent or when motility is regained. Horses with 
evidence of gastric reflux are unlikely to tolerate enteral feeding and should receive 
intravenous nutritional support (i.e., glucose solutions and amino acids). In addi-
tion to the intravenous administration of glucose solutions, it is necessary to use 
insulin subcutaneously at a dose of 0.08 U/kg every 12 h in order to block the lipase 
enzyme responsible for releasing triglycerides from fat depots. As is well known, 
if the fasting regime lasts more than 3 days, this may provoke development of a 
severe form of equine hyperlipidemia, notable in obese horses. Hyperlipidemia is 
associated with periods of negative energy balance and physiologic stress [136]. 
For this reason, in horses with POI at 48 h after abdominal surgery, regardless of 
the presence of gastric reflux, we allowed the horses, after nasogastric decompres-
sion, to be fed with a small amount of bran mash with ranitidine oral tables (H2-
antihistamine). Additionally, for horses with gastric reflux for which the provision 
of enteral nutrition is not possible, the provision of a lick (e.g., mineral block) has 
been suggested as a form of sham feeding, equivalent to gum chewing in humans.

6.8 Stress reduction strategies

Suppression of parasympathetic activity and hyperactivity of the sympathetic 
nervous system with activation of the hypothalamic-pituitary-adrenal axis (stress 
syndrome) has a very important role in the development of equine POI (as dis-
cussed above). Causes of equine stress syndrome in perioperative period can be 
varied, primarily pain and inflammation, but also recovery from anesthesia, post-
operative diagnostic and management procedures and fasting, as well as different 
psychological (fear) factors. It is generally considered or hypothesized that a more 
invasive surgery, with extensive tissue trauma and noxious stimuli, triggers a more 
significant stress response. After surgery, the horse is placed in an unfamiliar envi-
ronment with unknown caretakers and probably starved while having additional 
pain to deal with. Postoperative pain can originate from peritoneal inflammation 
and abdominal incision. Consequently, it is important on all occasions to consider 
minimizing sympathetic activity, primarily pain and inflammation control of the 
horses after abdominal surgery. As is well known, anti-inflammatory drugs lead to 
lower pain scores and lower plasma cortisol levels [82, 91]. This amount of stress 
modulates the pain perception and adds further to the perceived pain. This in turn 
increases appetite, so the horse does not enter a catabolic state in order to produce 
substrates for healing.

Given all of the stress, it is therefore also extremely important to take care of the 
horse psychologically. All therapeutic procedures in postoperative period should be 
performed with minimal stress. Stress-enhancing procedures may include introduc-
tion of a nasogastric tube into the stomach, which causes discomfort and the release 
of catecholamine, and this process is necessarily carried out with the imposition of 
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a twitch and without sedation. It is believed that a twitch calms the horse by releas-
ing endorphins as pressure is applied, thus reducing stress and pain. Administration 
of corticosteroid drugs results in the reduction of stress syndrome, but non-
pharmacologic mechanisms for reducing the stress response are quite successful, for 
instance, regular visits from the owner or a familiar caretaker, frequent contact and 
grooming preferably by the same handler or veterinarian, short periods of hand-
walking, treats given from time to time, short periods of grazing (1–2 min around 
24–48 h after abdominal surgery) and minimal enteral nutrition. As described 
above, early re-feeding has been attributed to possible downregulation of the meta-
bolic stress response [35]. Additionally, all other external stress factors for horses 
(including transport, loud noises, bright light and rudeness of medical staff), as far 
as possible, should be abolished during the postoperative period in an equine clinic, 
both in horses with a risk of development and also in horses that already have a POI.

6.9 Repeat celiotomy and postoperative ileus

Relaparotomy (repeat celiotomy) is widely accepted as a treatment option in the 
management of postoperative colic and ileus [6, 7]. A repeated surgical interven-
tion in the abdominal cavity may correct technical errors that occurred during 
the first surgery and solve conservatively unsolvable motility disorders as well 
as pathological conditions that occur in the post-surgical period without a clear 
relation to the first intervention [1]. Previously, authors considered that intestinal 
manipulation (massage) and repeated enterotomy likely have beneficial effects to 
equine POI [103]. However, the potential benefit of limiting the degree of intestinal 
manipulation in equine surgery must be weighed against the increased risk of 
other postoperative complications (postanesthetic myopathy, wound infection and 
hernia). According to our observation, repeat celiotomy did not increase survival 
rate in horses with POI; for example, surgical cases had a lower survival rate than 
medically managed cases of POI [32].
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