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Key Points 
 Ischemic injury is commonly encountered by the equine surgeon 
 Injury increases the risk of morbidity and mortality 
 Repair involves inflammation, restitution, and proliferation to restore barrier function 

 
Colic represents a major equine welfare and economic issue with an estimated 4.2 colic 

episodes per 100 horses each year, and an approximate annual cost of $115 million dollars. 

Despite advances in medical and surgical care of horses, the National Animal Health 
Monitoring System estimates that colic has a fatality rate of 11%. Ischemic injury represents 
the most common intestinal pathology encountered by the equine surgeon. Injury may result 
from intraluminal obstruction or distension, or from extraluminal compression of the 
vasculature1. During severe colic caused by strangulating obstruction, reduced blood supply 
causes ischemic injury necessitating surgical resection of the affected intestine. In the colic 
patient, repair of intestinal injury is vital in two main areas: (1) injured intestine that is not 
removed (2) the intestinal anastomosis. Significant examples of injured intestine that may not 
be removed include low-grade intraluminal injury or intestine peripheral to a resected area, 
and large colon volvulus. The high level of morbidity and mortality associated with colic in 
the horse is linked to the absorption of lipopolysaccharide (LPS) from Gram-negative 
bacteria across damaged intestine. After gaining access to the systemic circulation from the 
compromised intestine, LPS-induced endotoxemia is responsible for several major disease 
syndromes including post-operative ileus and laminitis. These post-operative complications 
frequently result in extended hospitalization, increased cost, and the death of the horse. It is 
therefore important that barrier function is rapidly restored following injury. 
 

When blood flow within the intestine is restricted, hypoxia results in cell death. In the 
small intestine, the high oxygen demand of the villi combined with the counter-current 
arrangement of the microvascular circulation renders them most susceptible to ischemic 
injury.2 As a result, injury develops at the villus tip and progresses towards the crypt as the 
severity of injury increases (Fig 1).  

 
Figure 1: Ischemic injury to the jejunum results in progressive sloughing of the epithelium 
beginning with separation at the tip (A), progressing down the villus (B), to the crypt region 
(C) with increasing severity of injury. 
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The mechanisms of injury and repair in the intestine have major similarities and 
differences from general wound healing of the integument. The inability of the surgeon to 
directly monitor wound healing in the gastrointestinal tract represents a significant challenge. 
Injury to the epithelium results in the production and release of pro-inflammatory mediators 
including tumor necrosis factor, interleukins and complement activation by cells within the 
epithelium. Exposure of the innate immune system including toll like receptors (TLRs) and 
nucleotide-binding oligomerization domain (NOD)-containing proteins to luminal antigens 
stimulates a pro-inflammatory response through the upregulation of genes responsible for 
production of mediators including interleukins and prostanoids.3 In this inflammatory phase 
or wound healing, neutrophils are recruited to the site of injury. Neutrophils perform an 
essential role in removing damaged tissue and contamination by phagocytosis, release of 
multiple anti-microbial products, and the production of reactive oxygen intermediates.  
However, neutrophil infiltration can also result in significant tissue damage and impairment 
of mucosal barrier function.4 
 

Following mucosal injury, the recovery of mucosal barrier function occurs as the result of 
three major processes.5 The villi of the small intestinal epithelium are capable of contracting 
in response to injury. This villus contraction is a significant part of the mucosal response to 
injury and reduces the surface area of exposed basement membrane to be covered by 
epithelium. The first phase of contraction by the villus myofibroblasts is mediated by the 
enteric nervous system. This is followed by a second phase of contraction which is requires 
endogenous prostaglandin synthesis. The second major process in the restoration of mucosal 
integrity is the closure of the paracellular spaces. In order for the paracellular spaces to close 
and repair barrier integrity, the tight junctions located apically between the epithelial cells 
must be assembled. This process involves the recruitment of tight junction proteins to the 
junctions and is dependent on the action of endogenous prostaglandins.5 While the 
mechanisms by which prostaglandins stimulate the assembly to tight junctions are currently 
unclear, experimental studies suggest they are mediated by their effects on ion channels and 
transporters. The effect of prostaglandins on recovery of mucosal barrier function is related to 
the initial stimulation of chloride secretion, mainly via ClC-2 chloride channels, and 
inhibition of NHE2 electroneutral sodium exchangers.6 Whether this effect is directly related 
to this secretory effect of prostaglandins, or tight junction signaling by ClC-2 and NHE2 is 
currently unclear.  

 
Figure 2: Immunohistochemistry of tight junction protein occludin in equine jejunum reveals 
the apical tight junction complex (>) 
 

The third process in the repair of the mucosal epithelium and recovery of barrier function 
is epithelial restitution. Following injury, the epithelial cells surrounding the denuded 
basement membrane produce plasma membrane extensions (lamellipodia) and begin to 
migrate into the defect in the process known as restitution. This process requires 
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reorganization and remodeling of the actin cytoskeleton. In contrast to villus contraction and 
assembly of the tight junctions, epithelial restitution is not dependent on the production of 
endogenous prostaglandins. This process begins quickly, within hours of injury. In the 
following hours and days, the proliferative stage of wound healing begins with proliferation, 
maturation and differentiation of enterocytes to replace those lost to injury. A wide variety of 
growth factors (TGF-α, TGF-β, EGF, HGF, FGF, KGF, IGF-1β, IGF-2, trefoil peptides) have 
been demonstrated to play important functions in restitution and proliferation in experimental 
studies.7 
 

Ischemic injury to the intestine of the colic patient is a common clinical scenario. Injury 
may be the result of a number of pathological processes and varies in severity. An 
understanding of the processes of injury and repair is vital to the surgeon in order to 
minimize ongoing injury and select the most appropriate therapeutic interventions to 
encourage rapid repair. 
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