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KEY POINTS

� Substantial improvements in early referral, surgical techniques, anesthesia, and post-
operative care have led to reductions in mortality and morbidity in colic patients over
the last number of years. However, post-operative complications still occur with some
frequency.

� Although the goal is to prevent complications, strategies to identify these complications as
early as possible and institute appropriate treatment are paramount in managing these
cases.

� Regardless of what complication is being considered, the use of common terminology and
uniform definitions should be used by researchers to allow more meaningful comparisons
between studies.
Colic is an economically important disease of the horse and amajor cause of morbidity
and mortality in the equine population. Over the last number of years substantial im-
provements in outcomes of horses undergoing colic surgery have been made, howev-
er, post-operative complications still occur. The purpose of this article is to review the
literature and determine best practices to prevent these complications and strategies
to identify them as early as possible to institute appropriate treatment when they do
occur.

INTRODUCTION

Colic is an economically important disease of the horse and amajor cause of morbidity
and mortality in the equine population and constitutes one of the most common
medical conditions necessitating veterinary intervention.1–3 Of these cases, up to
17% will require surgical intervention.4–10 Over the last number of years substantial
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improvements in outcomes of horses undergoing colic surgery have been made,
much of which can be attributed to earlier referral and expedited diagnosis, safer
anesthetic protocols, improved surgical techniques, and post-operative care. In the
recent literature, survival to discharge following colic surgery is reported to range
from 76% to 88%11–14 with 69% to 85%15–17 reported to return to athletic function.
Despite these considerable improvements, post-operative complications still

commonly occur4,18 and can have substantial consequences with regard to the hors-
e’s recovery, survival, and return to athletic performance. The additional economic
burden for the owner can be substantial, and can have huge implications in the
decision-making process in ongoing care for these cases. Strategies to identify these
complications as early as possible and institute appropriate treatment are paramount
in managing these cases. However, protocols to prevent, or at least minimize, these
complications based on the available scientific literature would be ideal.
The purpose of this article is to review the more common post-operative complica-

tions following colic surgery and summarize the most recent literature pertaining to
these topics with an emphasis on diagnosis, treatment, and prevention.
POST-OPERATIVE ILEUS

Post-operative ileus (POI) is commonly encountered after colic surgery, with a higher
incidence noted after small intestinal surgery. It can be a common reason for eutha-
nasia or re-laparotomy in post-operative patients and results in a major increase in
cost to the client. Prevalence and predisposing factors have been discussed exten-
sively in the literature.18–21 However, the criteria to define POI differ between studies
which can make comparisons difficult. More recently, the term post-operative reflux
(POR) has been used12,18 to describe >2 L reflux after passage of a nasogastric
tube any time in the post-operative period in horses who have not undergone repeat
laparotomy to determine the exact cause of the reflux. Although any horse undergoing
colic surgery can develop POR, horses with small intestinal lesions, particularly those
undergoing resection and anastomosis seem to be more at risk. This is likely due to
systemic inflammation as a consequence of ischemia, manipulation of the intestine
at the time of surgery, and disturbances in the normal neural signals.19,22 POR may
be caused by a functional or mechanical obstruction and differential diagnoses
such as ileus, obstruction at an anastomosis site due to kinking, hematoma formation
or volvulus at the anastomosis site, intestinal ischemia, intestinal leakage resulting in
septic peritonitis, and adhesions should all be considered.23 A definitive diagnosis can
only be made during repeat laparotomy or at necropsy. One of the most difficult de-
cisions facing a surgeon managing this condition is whether a re-laparotomy is neces-
sary, and when is the optimum time for re-laparotomy to be performed. Repeat
laparotomy increases the expense associated with treatment and patient morbidity.
Prolonged medical management, however, can also result in substantial expense
and is obviously unlikely to be successful in cases requiring surgical intervention,
that is, in cases with ischemic bowel or problems with an anastomosis. Limited studies
investigating clinical variables associated with POR caused by ileus versus a surgical
problem necessitating repeat laparotomy are available in the literature. One study24

did identify horses with POR after small intestinal surgery, in conjunction with pyrexia
and persistent colic to be more likely to have a surgical reason for POR. Typically,
horses exhibiting persistent or recurrent pain with POR that is not resolving within
48 to 72 hours should be considered strong candidates for repeat laparotomy. Serious
conversations with the client should be undertaken as early as possible in the post-
operative period, if complications are arising, regarding clinical and financial
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expectations to ascertain if re-laparotomy is an option and what budgetary con-
straints, if any, exist. Other factors to consider are timing, that is, increased expense
if a repeat laparotomy is to be performed on an after-hours basis, and availability of
more experienced surgical personnel if needed to assist.
Although multiple therapies have been proposed to prevent and decrease the dura-

tion of POR in horses, no specific treatment to date has been considered completely
effective. For this reason, a multimodal approach, including surgical intervention,
appropriate non-steroidal anti-inflammatory, pro-kinetic and anti-endotoxin therapy,
gastric decompression as needed, and appropriate fluid administration, is currently
used in attempts to prevent and treat POR with varying success. Early initiation of
management strategies in these cases can, we hope, prevent, or at least, reduce
the duration of POR.
Supportive care including intravenous (IV) fluid therapy and electrolyte supplemen-

tation is a mainstay in the management of most post-operative colic patients. Overhy-
dration can result in bowel edema, which can impair the correct functioning of the
gastrointestinal tract and slow healing of surgical lesions and is theorized to contribute
to POR in human patients.22,25 Subsequently, the current protocols in human medi-
cine are to avoid fluid excess using restricted IV fluid therapy regimens.20,26 However,
one recent study22 in horses that aimed to evaluate the role of IV fluid volume admin-
istration and electrolyte supplementation on the development of POR in horses under-
going celiotomy for colic found that fluid overload was not a contributing factor for
POR in horses and inadequate fluid resuscitation in the perioperative period seemed
to be more detrimental. However, it should be noted that fluid rates in horses are more
typical of a “restricted” fluid regimen in people. It should also be noted that acute kid-
ney injury can occur in horses who are receiving insufficient fluid replacement therapy,
particularly older horses and horses concurrently treated with a non-steroidal anti-in-
flammatory drug. Close monitoring of physical examination findings, packed cell vol-
ume, plasma lactate, and creatinine concentrations in the peri-anesthetic period
should be performed tomonitor hydration and perfusion, and the fluid therapy regimen
adjusted accordingly.
There is a paucity in the literature regarding refeeding and nutrition after gastrointes-

tinal surgery in horses, although this is a critical component of patient care, particularly
regarding POR. Gum chewing, a form of sham feeding, has been shown to decrease
the time from surgery to the first fecal passage in people.27 In horses, one study28

showed that sham feeding in the form of bit chewing resulted in increased right upper
quadrant intestinal borborygmi. More recently, a study by Patton and colleagues29

was performed to determine if bit chewing would shorten gastrointestinal total transit
time (GI TTT) in horses who are being fasted and refed. As part of this study, the horses
were randomly assigned to treatment (apple-flavored bit) and control (no bit) groups.
Bit chewing was found to be safe, inexpensive, and well-tolerated (Fig. 1). There was
evidence that the bit chewing group demonstrated shorter GI TTT at the 80% bead
passage time point, however, there was no significant difference at the 50%bead pas-
sage time point. Further studies in clinical cases are warranted to ascertain if this sim-
ple and inexpensive technique might be useful to augment progressive GI motility in
clinical cases affected by POR.
The principal pharmacologic targets in the treatment of POR include anti-

inflammatories drugs and the use of prokinetics. The most commonly used prokinetics
include IV lidocaine, metoclopramide, and neostigmine. Although IV lidocaine is one of
the most commonly used, evidence of the pro-kinetic properties of IV lidocaine in the
literature is contradictory. A 2019 meta-analysis30 of the effects of IV lidocaine on
POR in horses found that the use of IV lidocaine was significantly associated with the



Fig. 1. Placement of a flavored snaffle bit for treatment of POR. The bit was placed for 10 to
15 minutes up to four times a day. (Photo courtesy of Dr. Julie Dechant DVM, MS, DACVS,
DACVECC.).
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development of POR (likely due to its common use in the treatment of POR) and that use
of prophylactic IV lidocaine hadno effect on the occurrence of POR. It did, however, find
that IV lidocaine was significantly associated with an increased survival rate in horses
undoing exploratory celiotomy for small intestinal disease, thereby, supporting its
administration to improve survival rather than preventing POR. Factors associated
with the development of POR can be multifactorial rather than a simple functional
obstruction and factors such as mechanical obstruction should be taken into consider-
ation as to why medical management might not work.4,30 Previous studies31 had
reported that improved survival in horses treated with IV lidocaine was the result of
anti-inflammatory effects on ischemia-injured intestine and that coadministration of IV
lidocaine with flunixin meglumine ameliorated the flunixin meglumine-induced increase
in mucosal neutrophil count. However, other studies32 have not found such benefits.
Given its potential anti-inflammatory properties, use as part of a multi-model analgesia
protocol in post-operative patients, and relative inexpensive cost in North America, it is
routinely used at the author’s institution. The commonly used dose rate is 1.3 mg/kg
bolus given over 15 minutes, followed by 0.05 mg/kg/minute continuous rate infusion
(CRI). At the author’s institution, it is usually administered for 24 hours in the immediate
post-operative period but may be extended depending on case progression.
The use of metoclopramide to treat POR was reported to significantly decrease the

rate and volume of gastric reflux in one older study,33 when used as a continuous IV
infusion compared with intermittent administration or no use at all. However, other
studies regarding its use as a pro-kinetic in the literature are lacking. At the author’s
institution, the dose for CRI typically starts at 0.02 mg/kg/hour and it is increased
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gradually over 6 to 12 hours to 0.04 mg/kg/hour if no significant side effects are seen.
Due to the fact metoclopramide can cross the blood–brain barrier and suppress dopa-
mine D2 receptors, extrapyramidal side effects can be seen such as agitation, aggres-
sion, and/or excitement. Metoclopramide is routinely used by the author in cases of
POR following small intestinal surgery and started in the presence of gastric reflux
and distended or amotile small intestine on ultrasonographic monitoring.
Neostigmine methylsulfate is a cholinesterase inhibitor that prolongs acetylcholine

activity at the synaptic junction by delaying its metabolism. Neostigmine was previ-
ously shown34 to delay gastric emptying and decrease propulsive motility in the stom-
ach and jejunum, but to increase propulsive motility in the pelvic flexure suggesting
this drug would be more appropriate for large intestinal motility dysfunction. However,
one other study35 did show a neostigmine CRI at a dose of 0.008 mg/kg/hour did not
decrease gastric emptying and neostigmine stimulated the contractile activity of
jejunum and pelvic flexure smooth muscle strips in vitro, indicating it may potentially
have some beneficial effects on the small intestine.
Unfortunately, there have been relatively few clinical trials undertaken to determine

the efficacy of a lot of these drugs. There is a stark need for prospective randomized
clinical trials to be performed on therapies used routinely to treat POR. Additionally, a
consensus on the criteria used to define POI and POR is needed so there is consis-
tency between studies moving forward.
ADHESIONS

The true prevalence of clinical adhesions is hard to enumerate; however, the current
rate of adhesions is estimated to be 6% to 13% after small intestinal surgery, and
although more commonly encountered after small intestinal surgery, they have been
reported after large intestinal surgery.4,23,36–38 Fibrinous or fibrous bands extending
between bowel, mesentery, omentum, and body wall have all been reported. Multiple
risk factors have been identified in the literature with foals and horses undergoing
small intestinal surgery being over-represented and endotoxemia, POR, intra- or
post-operative hemorrhage, and peritonitis all possibly contributing to adhesion
formation.
Clinical signs as a result of adhesion formation typically result in colic which can vary

in severity. Although some adhesions in the caudal abdomen may be palpated per
rectum, transabdominal ultrasonographic evaluation can be used to diagnose their
presence on occasion, particularly adhesions associated with the ventral abdomen.
More commonly, pathologic adhesions are identified during repeat laparotomy. Ther-
apies to combat adhesions are currently focused on prevention. Adherence to Hal-
stead’s principles of surgery including aseptic and atraumatic surgical technique,
adequate hemostasis, and reduced surgery time is critical. Additionally, pharmaco-
logic modulation of the coagulation and fibrinolysis pathways, and physical barriers
can all help reduce the incidence of adhesions.39 Prompt recognition and treatment
of horses suffering from POI is also paramount to stimulate motility and reduce the
time bowel may be static to facilitate adhesion formation. IV dimethylsulphoxide
(DMSO) and flunixin meglumine administered with antimicrobial drugs (potassium
penicillin and gentamicin) were found to reduce adhesions in an ischemia/reperfusion
model in foals.40 At the author’s institution, DMSO is typically administered intra-
operatively (20 mg/kg IV) and then post-operatively twice daily for 3 days in at-risk
cases. In cases with previous adhesions or at risk for septic peritonitis, placement
of an abdominal drain to facilitate post-operative abdominal lavage may be used to
try and reduce the incidence of adhesions.41
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Adhesion barriers act by providing a physical barrier between serosal surfaces and
preventing fibrin deposition that might link serosal or peritoneal surfaces. Different
barriers reported in the literature include sodium carboxymethylcellulose (CMC) solu-
tions, sodium hyaluronate/carboxymethylcellulose membranes (HA/CMC), oxidized
regenerated cellulose, hyaluronate (HA) and fucoidan solutions. Although some re-
searchers4,42 might argue the development of adhesions is a more global issue and
application of a membrane at the site of resection is likely not beneficial, strategic
placement at a damaged area may help reduce the incidence of adhesions at that
site (Fig. 2). It should be noted, however, that these membranes were reported to
impair anastomotic healing in human intestinal surgery.43 A recent meta-analysis look-
ing at the effects of adhesion barriers on adhesion formation in horses found the odds
of adhesions in horses treated with an adhesion barrier was significantly lower than
untreated controls (OR 5 0.102; 95% CI [0.041, 0.254]; P < .001). Additionally, horses
treated with HA/CMC membranes (Seprafilm, Genzyme Corp, Cambridge, MA) and
CMC solutions specifically had significant OR for fewer adhesions (OR 5 0.061;
95% CI [0.013, 0.292]; OR 5 0.119; 95%CI [0.034,0.415], respectively; P < .001).39

It should be noted that most of the studies included in the meta-analysis used exper-
imental models of adhesion formation rather than clinical cases. Sodium carboxy-
methylcellulose is a lubricating agent that is typically used during surgery to
facilitate handling of the bowel and then placed directly on the bowel at the end of sur-
gery. Some studies39,44 have shown a benefit of this treatment and anecdotally it
seems to be effective in reducing adhesions.
Fucoidans are a class of broad molecular weight, sulfated polysaccharides

extracted from the extracellular matrix of various brown seaweeds with potential anti-
adhesive and anticoagulant properties. A purified solution, PERIDAN, was evaluated in
an adult horse jejunojejunostomy model and was found to be safely administered
intraperitoneally to healthy horses. No significant differences between treatment and
control (LRS) groups, with regard to tissue healing, inflammation, or infection were
noted but a significant effect on reducing adhesions was not apparent.45 Unfortu-
nately, PERIDAN is currently unavailable and to the author’s knowledge, there is no
replacement product at this time.
Fig. 2. Picture taken at re-laparotomy following jejunal resection and anastomosis in a case
of small intestinal strangulating lesion. At re-laparotomy, bowel-to-bowel adhesions were
noted involving the area just oral to the previous anastomosis site and another segment
of jejunum. Following separation of the bowel loops a sodium hyaluronate/carboxymethyl-
cellulose membrane (Seprefilm) was applied to the affected bowel in an attempt to prevent
further adhesions forming in this area. (Photo courtesy of Dr. Jorge Nieto MVZ, PhD, DACVS,
DACVSMR.)
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Intraperitoneal heparin therapy was reported to reduce adhesions in one study46;
however, this was a retrospective study where treatments were not allocated on
random basis. Doses reported for intraperitoneal heparin use include administration
of 30,000 IU diluted in 4 L LRS into the abdomen before closure.47

Omentectomy for adhesion prevention is controversial but has been advocated by
some to prevent adhesions.37 However, reports of omental adhesions resulting in colic
are rare and the potential absence of the omentum may actually increase the inci-
dence of bowel-to-bowel or bowel-to-mesentery adhesions.4,47 It is not commonly
performed in adult horses at the author’s institution undergoing colic surgery.
Adhesions, and their associated recurrent colic episodes, can sometimes be

managed through dietary modification and transitions to a more digestible pelleted
diet. If a repeat surgery is performed, resection of the adhesion is executed in the
most atraumatic manner possible and every effort is made to prevent recurrence using
the aforementionedmethods. Alternatively, complete en-bloc resection of the adhered
portion of bowel and anastomosis of healthier adjacent segments of bowel can be
performed. The prognosis for a post-operative patient with adhesion formation has
generally been guarded.48 One study42 did find the mortality in horses with or without
adhesions was similar, indicating that the presence of adhesions at second surgery
did not influence long-term survival; however, many of the horses included had large
intestinal lesions and adhesions. Location of the adhesion, that is, small versus large
intestine, the underlying cause, and options for re-laparotomy based on the owner’s
financial constraints and the surgeon’s ability to treat, all likely play a role in the
outcome.
INCISIONAL COMPLICATIONS

Equine colic surgery poses several challenges in the post-operative period relative to
the actual incision and healing. The sheer size of the equine patient and the activity
they are expected to perform are but a few of the factors that can increase the
post-operative morbidity in our colic patients.

Incisional Infections

Recent incidences of incision infections have been reported to vary from 15% to
28%49–51 with factors such as suture pattern,49 suture material,52 degree of trauma
to the surgical site and incisional length greater than 27 cm,53 experience level of the
surgeon,54 and increased body weight55 or body mass index (BMI)56 predisposing to
an increased or decreased rate of incisional complications. Incisional infections tend
tooccur to agreater extentwith repeated laparotomy,with the reported risk of incisional
infections being as high as 76.5% in a recent study.57 Although many studies have re-
ported on different risk factors associated with surgical site infection following laparot-
omy, varying definitions and descriptive terms between studies make direct
comparisons difficult. Additionally, most studies lack adequate follow-up and only
report incidences up to the point of discharge. Two recent studies50,58 found that
most of the caseswere diagnosedwith incisional infection after discharge from the hos-
pital, which emphasizes the need for long-term follow-up and good communication
with referring veterinarians and owners in identifying these cases. It is possible that pre-
vious studies where follow-up was limited to a shorter period of time may actually un-
derestimate their incisional complication rate based on these findings.
Regardless, some studies have identified potential strategies to help reduce the

incidence of surgical site infection following laparotomy. The use of a protective dres-
sing to cover the incision in the initial recovery period has been evaluated recently in



Kilcoyne314
the literature. In one study50 which looked at the use of an antimicrobial impregnated
(0.2% polyhexamethylene biguanide [PHMB]) dressing, only 2/50 (4%) horses who
had some type of stent bandage placed, either PHMB impregnated or sterile towel,
went on to develop an incisional infection compared with 9/25 (36%) of those who
did not have one placed (Fig. 3). These findings mirror those of another study51 where
the application of stent bandage reduced the incisional infection rate to 2.7%
compared with 21.8% in those without a stent. A recent prospective randomized con-
trol study58 that examined the effect of intra-incisional medical grade honey (MGH) on
the prevalence of incisional infection in horses undergoing colic surgery found horses
in the treatment group (4/49; 8.3%) had a significantly lower rate of incisional infection
compared with the control group 13/40; 32.5%). No adverse effected were seen asso-
ciated with the application of the MGH.
Diagnosis of incisional infection is typically based on clinical signs such as fever,

heat, pain, redness, swelling, or excessive edema around the incision and wound
drainage. Ultrasonographic evaluation can also be a helpful tool to diagnosis the pres-
ence of infection in the early stages59 by identifying areas of fluid accumulation, partic-
ularly if there is no wound drainage. Ultrasonography can be used tomonitor body wall
healing and the response to treatment. Definitive diagnosis is based on a positive bac-
terial culture of an aseptically-obtained sample from the subcutaneous tissues in the
area of fluid accumulation. If antimicrobial therapy is deemed necessary, decisions on
antimicrobial choice should be based on these culture results and susceptibility pro-
files. The most common bacteria isolated in one study55 were Escherichia coli, Entero-
coccus spp. and Staphylococcus spp. In that same study, mixed bacterial infections
were common and present in 63% of cases with only 37% of cases growing a single
isolate. Although antimicrobials might not be necessary to treat every case, bacterial
culture and sensitivity testing is prudent, not only for patient treatment, but also for
Fig. 3. One study50 looked at the placement of a 0.2% polyhexamethylene biguanide-
impregnated rolled gauze over a laparotomy incision at the end of surgery (Group 2) and
secured in place using 3 to 4 interrupted sutures using size 2 polypropylene suture. Using
this antimicrobial-impregnated dressing 0/26 developed an incisional discharge, compared
with 2/24 horses who had a sterile towel secured using 3 to 4 interrupted sutures using
size 2 polypropylene suture (Group 1) and 9/25 who had sterile gauze placed over the inci-
sion and secured in place with an iodine impregnated adhesive drape (Group 3). Stents are
typically left in place for 24 to 48 hours post-operatively at the author’s institution, but may
be removed sooner if they are soiled or dislodged at recovery.
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hospital biosecurity monitoring as the emergence of multi-drug resistant organisms
may be responsible for nosocomial infections.
Currently, there are little data presented in the literature regarding the treatment of

these cases and most strategies revolve around the establishment of drainage by
removing some staples or sutures and appropriate antimicrobial therapy based on
the results of bacterial culture and sensitivity testing. Application of an abdominal
bandage to protect the area and possibly facilitate the application of a topical antimi-
crobial dressing is also commonplace. At the author’s institution, it is current practice
to recommend application of a hernia belt in all cases that develop incisional infection
in an attempt to reduce the risk for acute dehiscence or hernia development. Addition-
ally, prolonged stall rest is recommended for up to 4 weeks after resolution of the
infection. Although little objective data are present in the literature regarding rehabili-
tation for these types of cases, there is some evidence to suggest core abdominal
muscle rehabilitation exercises may facilitate faster convalesce and improved perfor-
mance in horses after colic surgery.60 It would be reasonable to assume that these
types of exercises could also be beneficial and may help prevent or reduce hernia for-
mation in cases with known predisposing factors, that is, surgical site infection. As
previously outlined, prolonged rest is recommended in such cases; therefore, it would
be prudent to delay the institution of these exercises in cases of incisional infection.
Strategies to minimize the incidence of infection include strict adherence to Hal-

stead’s principles of surgery and appropriate antimicrobial prophylaxis. Despite pub-
lished recommendations regarding antimicrobial prophylaxis in horses undergoing
colic surgery, studies have found that compliance is poor. Administration of a first-
line broad-spectrum parenteral antimicrobial within 30 to 60 minutes of the initial inci-
sion is recommended. Although re-dosing of potassium penicillin intra-operatively if
the surgery exceeds two half-lives of the pre-operative dose has been recommen-
ded,59,61 recent research suggests that re-dosing of potassium penicillin within 4 to
5 hours of the pre-operative dose is not necessary because of the longer half-life
and slower clearance in anesthetized horses.62 Although there are differing reports
in the literature regarding the length of perioperative antimicrobial prophylaxis, one
study found no benefit in administering antimicrobials for 120 hours versus 72 hours
in terms of preventing surgical site infection (SSI) after colic surgery.63 Based on rec-
ommendations for antimicrobial prophylaxis in human patients undergoing abdominal
surgery, antimicrobials should not be administered beyond 24 hours or even beyond
the operative period64 and prolonged prophylaxis may be detrimental.

Body Wall Hernia Formation

Typically, infection localized to the skin and subcutaneous tissue heals without addi-
tional complication; however, if there is involvement of underlying linea alba, disrup-
tion of the normal healing process may result in acute incisional dehiscence or
hernia formation. Incisional herniation has been reported in 6% to 16% of horses
following laparotomy,16,65 with surgical site infection being identified as a risk factor
for the development of incisional herniation. Horses with incisional infection were
17.8 to 62.5 times more likely to develop a hernia compared with those without inci-
sional drainage.65,66

The use of a commercial hernia belt (CM Equine Hernia Belt, CM Equine Products,
Downey, CA) has been reported to reduce the incidence of hernia development in
horses who have developed other incisional complications and is typically used as
part of the treatment protocol after hernia formation too. The size of the defect will typi-
cally dictate the treatment pursued with smaller defects often not requiring interven-
tion if no adverse effects on the horses’ health or athletic pursuits are observed.



Kilcoyne316
Conservative management of larger defects consisting of dietary modification to a low
bulk pelleted feed, application of a supportive hernia belt, and gradual increase in ex-
ercise and rehabilitation exercises can often decrease the diameter of even larger her-
nias. Surgical management, including primary repair or using mesh placement,59,67,68

can also be pursued for larger defects for functional or cosmetic reasons, but should
be delayed until a firm fibrous hernia ring has formed which may take up to 4 to
6 months after surgery. Additionally, any infection should be completely resolved to
reduce the risk of mesh infection post-operatively.

Acute Incisional Dehiscence

Acute incisional dehiscence is an uncommonly reported complication but has poten-
tially catastrophic consequences. In a recent multicenter study69 that examined cases
reported from nine hospitals in the United Kingdom, Ireland, and the United States
over 10 years, only 63 cases were identified. Acute abdominal dehiscence (AAD)
occurred early in the post-operative period in most cases at a median of 5 days
post-operatively, and broodmares accounted for 25% of the cases. Contrary to pre-
vious reports,68 leakage of peritoneal fluid from the incision was not a consistent
sign of impending AAD. In this study, infection developed in 44% of the horses before
ADD, which is a higher rate compared with other studies. It would seem that infection
is a risk factor for AAD and careful ultrasonographic assessment of the incision,
including linea alba integrity, is warranted in cases where the infection is identified.
In this study, conservative treatment, consisting of supportive bandages and antimi-
crobial treatment, was instituted in 10 cases where there was no evisceration of
abdominal contents, and surgical repair was performed in 27 horses. Overall survival
to hospital discharge was 38%, with 55% of those treated surgically and 90% of those
treated conservatively surviving to discharge. Although the overall prognosis was
poor, many horses (40%) were euthanized immediately which may have biased sur-
vival rates as some horses may have survived if surgery had been performed.
POST-OPERATIVE DIARRHEA

Development of diarrhea in a post-operative colic patient is another frequently
encountered complication and can similarly be a source of substantial expense for
the owner, particularly if an infectious agent is identified. Diarrhea is usually defined
as the passage of unformed feces for more than 24 hours, or on more than two occa-
sions, and has previously been more frequently associated with large intestinal le-
sions.70 Colitis, however, refers to inflammation of the colon with or without diarrhea
and can occur in horses with any type of lesion and is often associated with an infec-
tious agent. Damage to the gastrointestinal tract and mucosal barrier, administration
of perioperative antibiotics, surgical evacuation of the colonic contents, stress of
anesthesia, and reduced feed intake can all contribute to the development of diar-
rhea/colitis.
Salmonellosis is probably the most recognized disease associated with diarrhea/

colitis post-colic surgery and a serious concern for the clinician with regard to noso-
comial infection and biosecurity. Salmonellosis in horses has typically been associ-
ated with diarrhea/colitis, fever, and leukopenia; however, more recently, it has
been shown that other predictors, such as the presence of reflux, can also be an in-
dicator of infection.71,72 Although abdominal surgery has been previously associated
with an increased incidence of Salmonella shedding,71,73,74 a recent study72 did not
find a significant effect of abdominal surgery on the subsequent shedding of Salmo-
nella. Although post-operative colic patients who develop Salmonellamay experience
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more complications and longer hospitalization, there does not seem to be a significant
effect on subsequent survival to discharge or long-term survival and return to func-
tion.72,75 Other infectious agents frequently implicated include Clostridium difficile
and Clostridium perfringens.
Ideally, the focus should be on prevention, and lacking that, early recognition. Di-tri-

octahedral (DTO) smectite (Bio-Sponge, Platinum Performance, Buellton, CA) has
been shown to adsorb substances like endotoxins and exotoxins. In one study,
DTO smectite (0.5 kg in 4 L water administered via a nasogastric tube every 24 hours
for 3 days beginning 4 hours after surgery) reduced the occurrence of post-operative
diarrhea in horses with large colon disease compared with placebo (4 L water admin-
istered via a nasogastric tube every 24 hours for 3 days), with the prevalence being
10.8% in the treated and 41.4% in the placebo group.76 At the author’s institution,
0.5 kg is typically administered into the ventral colon at the time of surgery after the
evacuation of colonic contents through a pelvic flexure enterotomy, if performed.
Due to the potential for impaction, not more than 0.5 kg (1lb) is administered. Another
study77 investigating the use of probiotics for prevention of Salmonella shedding in the
post-operative period did not find a significant effect, however, a more recent study78

did find a beneficial effect in administering Saccharomyces boulardii for treatment of
acute enterocolitis.
Investigation into intestinal microbiota and the changes that may occur periopera-

tively are ongoing and we hope in the future results of this research may help further
our understanding of equine gastrointestinal health and help to minimize complica-
tions like colitis and diarrhea post-operatively.
OTHER COMPLICATIONS

Although respiratory diseases post-colic surgery are not the most common complica-
tions encountered, the development of sinusitis or pneumonia post-operatively should
not be discounted by the clinician, particularly in cases that develop a fever post-
operatively. The development of sinusitis in horses being treated for colic and associ-
ated with nasogastric intubation has been previously reported.79 Another recent
report80 found that compared with control horses, peri-anesthetic reflux was more
common in horses with sinusitis, pneumonia, and respiratory complications. Although
these horses were associated with longer duration of antimicrobial therapy and longer
periods of hospitalization, all horses survived to discharge. Care should always be
taken with nasogastric intubation and extubation particularly if the horse is badly
behaved or sedated and the horse should have nil by mouth if a nasogastric tube is
in place.
IV catheter-associated complications are not uncommon in the post-operative colic

patient. Although thrombophlebitis is likely the most common of these, air embolism,
regional cellulitis, or even catheter fragmentation (Fig. 4) can be encountered. Horses
with signs of shock and systemic inflammatory response syndrome, fever at the time
of catheterization, diarrhea, and administration of parenteral nutrition have been asso-
ciated with an increased risk of thrombophlebitis.81,82 Use of polyurethane or silastic
catheters, ideally inserted using an over-the-wire (Seldinger) technique should be
used in any case where prolonged catheterization might be required.23,83 Additionally,
treatment with low-molecular-weight heparin (enoxaparin; 40 U/kg subcutaneously
q24 hours) or clopidogrel (loading dose 4 mg/kg followed by 2 mg/kg orally
q24 hours) in cases where oral meds are tolerated (ie, not refluxing) may be helpful
in reducing catheter-associated complications. Aside from the typical clinical signs
associated with thrombophlebitis such as heat, swelling, pain over the catheter site,



Fig. 4. (A) Removal of a 14 g 5.2500 fragmented IV catheter which was discovered following
anesthetic recovery of a post-operative colic patient who underwent exploratory laparot-
omy for enterolithiasis. An incision was made directly over the vein using ultrasound guid-
ance to identify the exact location of the proximal portion of the catheter, while an assistant
held off the jugular vein to prevent displacement of the portion of the catheter. A hemostat
was used to grasp the proximal tip within the vein, and it was removed intact. (B) Location
of the fragmented piece of catheter.
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and potentially fever, ultrasound can be a useful diagnostic to confirm and subse-
quently monitor the response to treatment.84

Other commonly encountered complications in patients recovering from gastroin-
testinal surgery include endotoxemia and laminitis. Clinical manifestations of endotox-
emia have been found to be an important factor in the development of acute
laminitis.70,85 Treatment of these conditions has been reported extensively else-
where,86 but supportive care and aggressive antiendotoxic and anti-inflammatory
therapy should be instituted rapidly for horses who have an ischemic lesion, placing
them at risk for endotoxemia and subsequent laminitis. Digital cryotherapy for at-
risk patients (eg, febrile, enteritis/colitis, previous history of laminitis) should be
considered.86

SUMMARY

Early diagnosis and expedited treatment remain the cornerstones of reducing many
complications in post-operative colic patients. Unfortunately, there is a lack of
evidence-based data as to the efficacy of a lot of treatments proposed to help reduce
or treat complications. Much of the evidence on how complications can be prevented
is inconclusive due to relatively few studies and their largely retrospective, single-
hospital design, and small sample size with resulting inherent bias. Moving forward,
standardization of definitions to allow more direct comparisons between studies of
risk factors, prevention, and treatment strategies is paramount. Additionally, multi-
center, randomized controlled studies to gain better evidence and identify trends
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are needed to further our understanding of the pathophysiology of these complica-
tions and also to gain better insights into prevention and treatment.
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