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Summary

Colic surgery is one of few treatments in which a veterinarian can use a skill to save an animal’s life from a deadly disease within a short timeframe.
Unfortunately, such success is not achieved without considerable risk for surgical failure, which is responsible for most complications in the immediate
post-operative period. The last 50 years have witnessed considerable improvements in colic surgery, although a ranking of the most important ones
might not meet with universal agreement. Teamwork plays a critical role in the final outcome, starting and finishing with the referring veterinarian and
owner. These individuals are responsible for promptly transferring the horse to a surgical facility and then dealing with aftercare and delayed
complications. The surgeon is responsible for the intervening steps, including the decision on the need for surgery, and works with the
anaesthesiologist to help a metabolically challenged patient to tolerate surgery and anaesthesia. Although early referral and improved diagnostic
procedures can have a positive influence on survival, perceived improvements in surgery and anaesthesia need to be reviewed with some
circumspection. Although more rigorous definitions and statistical analyses used in recent studies can invalidate comparisons with older studies,
complication rates appear to be on the rise, despite putative improvements in dealing with them. This trend tends to diminish the value of colic surgery
through increasing costs, overreliance on post-operative pharmacological management, growing pessimism, high rates of intraoperative euthanasia,
and possibly reduced long-term survival. Future efforts should address these concerns, mostly through emphasis on prompt referral, good surgical

technique and reducing the cost of colic surgery to an affordable level that saves more lives.
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Introduction

Fifty years ago, as is still the case today, evaluation of the gastrointestinal
tract by rectal palpation was recognised as a key clinical skill for examining
the horse with colic [1]. Horses with gastrointestinal diseases, including
colic, constitute the largest proportion of horses admitted as emergencies
to referral hospitals [2,3], and colic has been ranked as the top medical
problem treated by practitioners [4]. Colic episodes per 100 horse/equid
years can range from 3.5 to 10.6 [5-9] or as a percentage of equids at risk
from 2.8 to 2.9% [10,11] according to farm-based studies or owner
reported data. In the general equine population, approximately 1.4-17.5%
of horses with colic require or undergo surgery [5,6,12-16]. Improvements
in surgical outcomes in horses with the most severe forms of colic have
been attributed to early referral, advances in surgery, safer anaesthesia
and improved aftercare [17,18]. Therefore, the purpose of this review is to
critically assess these claims, with emphasis on those aspects of colic
surgery that we can control.

Methods of data analysis

Statistical methods and inclusion criteria currently used to analyse survival
data are more rigorous than those used in older studies, which
complicates comparisons between studies over time. A common
epidemiological approach to the study of colic and its causes uses the
relative risk or risk ratio (RR) and the odds ratio (OR) [19]. The RR is
determined in cohort studies as the ratio of the disease prevalence in
exposed animals compared to its prevalence in nonexposed animals [19].
In cohort studies, a group exposed to the hypothetical causal agent or to a
treatment is compared with a group not exposed to these factors [19], as
in a recent study on the efficacy of lidocaine in horses after colic surgery
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[20]. The OR is used in case—control studies as a measure of the odds of
exposure to a factor in the cases to the odds of exposure in control
subjects [19].

Most survival studies are retrospective in design and therefore can
produce bias from flaws in definitions, data gathering and lack of
randomisation [21]. Many studies examine short-term survival, which
applies to either all horses undergoing surgery or only those that
recovered from anaesthesia and are subsequently discharged from the
clinic. Short-term studies to discharge provide useful information for the
surgeon and owner about prognosis and about expected post-operative
complications after different diseases and surgical procedures. By virtue of
design, important information is disseminated in a timely manner by such
studies. However, short-term data provide an incomplete picture, because
discharged horses are still at risk of delayed complications and mortality
related to the surgery, as from adhesions and recurrence of the original
disease [22-24].

Long-term survival studies are preferred over short term and are usually
longitudinal and prospective in design [25]. Long-term survival is generally
modelled in terms of two related functions, survivor/survival function and
hazard function [26]. The survival probability or survival function is the
probability that an individual survives from the point of interest (recovery
from general anaesthesia after surgery) to the specified future time period
[26]. The hazard function is the probability that an individual under
observation at a specific time has an event (e.g. death) at that time [26]. By
comparison with survivor function, which focuses on an event (e.g. death)
not happening, the hazard function takes the opposite approach [26].

The survivor function is usually estimated by the Kaplan-Meier analysis
(Fig 1), which assesses the probability of survival using the number at risk
at the time of each death [26-28]. The problem with survival analyses is
that a proportion of the cases do not die by the end of the study period
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Fig 1: Kaplan-Meier survival curve after surgery to demonstrate the difference
over time between two anastomoses, jejunojejunostomy vs. jejunocaecostomy.
Note the rapid decline in both graphs during the early stages, which can be
explained by post-operative deaths between anaesthetic recovery and hospital
discharge [25]. The mortality rate then decreases over the first 100 days to
assume a slower decline [25]. The fine line indicates the median survival time at
23 months for the jejunocecostomy group. Reproduced with permission from
Equine Veterinary Journal Ltd. [175].

and their survival times will therefore be unknown [26]. This can also arise
if a patient cannot be followed to its death by the time the study closes
because it is lost to follow-up [26] for a number of reasons (e.g. sale,
owner move or patient still alive at last recording interval). In such cases,
the survival function extends beyond the end of the follow-up period for
that individual, a situation referred to as right censoring [26]. A steep
decline in survival early in the post-operative period for a disease or
treatment [25] indicates a poor prognosis [26]. The 95% confidence limits of
the survivor function can be determined, but these are usually wide at the
end of the curve because of right censored cases [26]. The Logrank test is
the most common and probably the most robust nonparametric test to
compare two or more survival curves, such as those generated by two
different surgical procedures or two different diseases [26,27,29].

The Kaplan—Meier analysis of survival data produces the median survival
time (Fig 1), which is the time of recovery from surgery to when 50% of the
subjects of interest have died [27]. The mean is not used because of the
large skew that usually develops in data distribution [26]. Median survival
times generated by long-term studies on colic survival differ considerably
(Table 1), in contrast with survival rates for hospital discharge (see below).
Median survival time is more likely to be meaningful when almost every
patient has died, the number of patients is large, and the graph falls
rapidly through the whole region between 70% and 30% alive [27]. These
conditions are rarely met in colic survival studies. The starting point at
recovery from anaesthesia is more commonly used [25,30-36] than
starting at hospital discharge [37,38], because it includes cases with the
highest mortality from early post-operative complications (Fig 1) [25] and
therefore more accurately reflects the prognosis for the disease or its
treatment [26]. An all-cause mortality is a more robust end point in
survival analyses [26] than right censoring horses that die from a cause
other than colic [37,38], because the latter approach relies too heavily
on owner assessment of cause of death and falsely improves the
survival curve [27].

The Cox Proportional Hazards Model is a survival analysis regression
model that is commonly used to explore univariable and multivariable
relationships in survival data in medical [29,39] and veterinary research
[25]. The limitation of the univariable analysis is its focus on survival
according to one factor of interest, and not accounting for the impact of
confounding factors or covariates that could affect outcome [28,31]. The
univariable analysis is used first to determine those variables that have a
reasonable association with the disease and then these are examined
further in multivariable comparisons [19,29].

In a final multivariable analysis, continuous and categorical variables with
some evidence of association with survival in the univariable analysis are
used to develop the final model [39,40]. If a large number of factors are to
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be examined, with little information about the role of each one in prognosis,
stepwise methods are used [39]. One approach is backward elimination, in
which all covariables are included at the start and then eliminated, and
another is forward selection, in which no covariables are included but some
are added according to statistical significance at some predetermined level
[41]. How well the model represents the data is determined by goodness-of-
fit [42] or a likelihood ratio test [20]. Sample size is an important
consideration in such studies because small data sets might not reveal the
impact of some covariables [39]. Another approach to assess covariables in
survival analysis is to use stratified analyses, when appropriate, such as
comparing treatment groups adjusted by strata for age effects [29].

The paucity of cases and therefore low power for analysis of survival
and risk factors in a single hospital is resolved by multicentre studies, such
as the randomised controlled trial (RCT) [21]. Multicentre trials should be
conducted in a prospective manner to reduce bias, and they require total
compliance from enrolled hospitals, investigator blinding, funding to
support research-related expenses, and owner and institutional approval
when an interventional design could deny one group of horses a
potentially effective treatment [19,43]. In multicentre survival analyses,
homogeneity of management factors is assumed across hospitals so that
diagnostic procedures and treatments are close to identical [26]. This is not
always true, as evident in a study that examined a standardised group of
surgical colic cases from two large referral hospitals [43]. The wide range
of different drugs and strategies used complicated interpretations of drug
effects, breed and hospital factors constituted major sources of variability,
and differences in clinician decision-making between the two hospitals
were important confounders [43].

Survival rates reported before 2000

In one of the earliest retrospective studies of a series of cases from a
single hospital, Pearson et al. [44] reported that 10 of 16 horses (63%)
recovered from anaesthesia were successfully treated by surgery. In other
early studies on colic surgery, mortality was greater in horses with small
intestinal lesions than with more distal lesions and with strangulating
obstructions compared with nonstrangulating diseases [45]. However,
subsequent studies reported some evidence of improvement over time
with small intestinal surgery [46,47]. A report from a German hospital on
613 horses in which colic surgery was completed (recovered from
anaesthesia) from 1979 to 1981 revealed 87.7% short-term survival (alive at
discharge from the hospital) for a variety of small and large intestinal
lesions [48]. In those horses that had a completed surgery for small
intestinal lesions, short-term survival was 82% [48].

Whereas previous studies had examined survival to discharge or short-
term survival, a study on 140 horses that had small intestinal resection and
anastomosis between 1968 and 1986 included long-term survival data [30].
This study demonstrated improved survival rates in horses that had
surgery towards the end of the study period, with a median survival time
for surgery before 1 January 1980 of 8 days, compared with a median
survival time after that date of 7.3 months (Table 1) [30]. Other signs of
improvement over time in this era were reflected in clinical and laboratory
findings at presentation in horses admitted after 1980 compared with
previous admissions [30].

Survival rates reported from 2000 to 2017

Short-term survival rates in horses that had surgery of the small intestine
and were allowed to recover from anaesthesia ranged from 68% to 100% in
reports published between 2000 and 2017 [31,33-38,49-67]. Although
these results would suggest a considerable improvement over studies from
previous decades, many of the more recent studies failed to match the high
survival rates reported from one hospital for small intestinal lesions before
1981 [48]. Also, the median survival times after small intestinal surgery
reported after 2000 ranged widely from 18 days to 120 months (Table 1),
and improvements in long-term survival between 1989 and 2017 were not
evident in all studies (Table 1). This is consistent with the conclusion from
another study that reported little if any change in survival after colic surgery
in a 20-year period before 2003 [68]. Of some concern is evidence that
cases in more recent reports probably were referred more promptly than in
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TABLE 1: Median survival times in long-term studies on small intestinal surgery

Authors [reference number] Period covered

Type of surgery

Median survival time

MacDonald et al. 1989 [30] 1968-1986
Before January 1, 1980

After January 1, 1980

Freeman et al. 2000 [31] 1994-1999
Proudman et al. 2002 [25] 1998-2000
Garcia-Seco et al. 2005 [32] 1987-2002
Proudman et al. 2005 [40] 1998-2004
Proudman et al. 2007 [175] 1998-2006
Fogle et al. 2008 [33] 1994-2002

2003-2005
Freeman and Schaeffer 2010 [34] 1994-2005
Freeman and Schaeffer 2011 [35] 1993-2002
Freeman et al. 2014 [36] 1996-2011
Salem et al. 2016 [20] 2004-2014
Bauck et al. 2017 [184] 1998-2015
Tapprest et al. 2017 [69] 2011-2014

Resection and anastomosis
Resection and anastomosis
Resection and anastomosis

No resection

Jejunojejunostomy

Jejunocecostomy

Epiploic foramen entrapment

lleal impaction

Pedunculated lipoma

Jejunal strangulation

Lipoma only — all treatments
Lipoma only — jejunocecostomy
Lipoma only — jejunojejunostomy

All lesions — not epiploic foramen entrapment
Epiploic foramen entrapment
Repeat celiotomy
Jejunojejunostomy

Jejunocecostomy

All lesions

All lesions

Jejunocecostomy (HS)
Jejunocecostomy (S)
Jejunojejunostomy (strangulated IL)
Jejunojejunostomy (strangulated CL)
Jejunojejunostomy (nonstrangulated IL)
No resection — strangulating lesions
Epiploic foramen entrapment

lleal impaction

Pedunculated lipoma

Idiopathic focal eosinophilic enteritis
Repeat celiotomy after jejunal strangulation
NS — Mortality in French horses

NS — Mortality in French horses

27 days

8 days

7.3 months
>24 months
>24 months
>24 months
13.3 months
>16.7 months
>16.7 months
>16.7 months
5 months

3 months
>13.3 months
63 months
25 months
16.3 months
49 months
23 months
18 days

>6 months
97 months
96 months
120 months
72 months
10 months
120 months
12.3 months
>26.7 months
>26.7 months
>26.7 months
90 months
150 months?
172 months®

Data are provided in chronological order with median survival times reported in some studies or determined from Kaplan—Meier graphs (Fig 1) and were
converted to months when >30 days. All data were from point of recovery from anaesthesia. IL, Interrupted Lembert; CL, Continuous Lembert; HS,
Handsewn anastomosis; NS, No surgery; S, Stapled anastomosis; When median survival time is recorded as > the specified time period, follow-up ended

at that time, so the true median survival time was not reached.

“In this citation, data are for saddle horses >2 years old as determined from the survival curve with 0.5 as the median.
PThis is from the same citation but given as the mean and median ages at death in supplementary data.

the past [30], which should have improved their survival rates (see below).
However, some more recent data reveal median survival times after small
intestinal surgery of 120 months [35,36], close to the median survival times
determined in saddle horses in a large equine population (Table 1 [69]).

Recent studies reveal a high rate of return to resuming or starting in a
sporting activity (76-86.1%) in horses that are discharged after colic
surgery, and that 65-83.5% can achieve the same or a better performance
level after surgery according to their owners [62,70-73]. One study
reported that Thoroughbred racehorses had similar performance variables
after colic surgery as their untreated cohorts [74]. These findings are
comparable to the rates of 93-94% return to intended activity for survivors
between 1976 and 1991 [75,76], although comparisons between studies
can be challenged by differences in populations and definitions.

Survival rates in last 50 years

When the preceding information is considered, reported survival rates
during the last two to three decades might represent a slower gain
compared with progress made in the previous decades. However, the
starting point for early improvements approximately 50 years ago was
from a pronounced nadir [30,44-46]. Also, many advances in colic
surgery have emerged that should improve survival in the future.
Evidence that old horses are equally as likely to survive colic surgery as
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young horses [55,77,78], and foals can have discharge rates comparable
to adults [73,79] should improve access to surgery in these groups.
Modern absorbable suture materials and methods of application, as well
as post-operative wound protection and support have reduced
complications related to the abdominal incision [80-82]. The favourable
response to nonsurgical treatment of common colonic diseases, such as
right dorsal displacement of the colon (RDDC [83]) and nephrosplenic
entrapment (NSE [84]) represent advances in management of colic.
Recognition of the risk for colonic displacements to recur, such as RDDC
[24] and NSE [85], has led to surgical prevention by colopexy [86] or
colon resection [87]. Although laparoscopy is beyond the scope of this
review, many laparoscopic methods have been developed to prevent
recurrent colic, such as nephrosplenic space ablation [88], vaginal ring
closure [89], and closure of the epiploic foramen by a mesh implant [90]
or titanium helical coils [91]. Insertion of a specially constructed mesh at
time of open correction of EFE represents a simple method of
preventing recurrence of this disease [92]. Improvements in diagnosis
will be addressed below.

Role of early referral in survival

The major benefit of early referral is reducing the severity of tissue injury
and resulting endotoxaemia/systemic inflammatory response syndrome
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(SIRS) on admission [20,30]. Failure to refer promptly leads to deteriorating
cardiovascular status, reflected through such negative prognostic
indicators as elevated PCV [20,93-96], elevated heart rate
[20,30,94,95,97,98], decreased total protein [40,52] and increased plasma
lactate concentration [99,100].

The effect of early referral on survival is difficult to assess because
measurable data are not readily obtained and the relationship between
duration of colic and post-operative survival tends to follow a
nonlinear pattern [56,76,93,101]. This pattern can be explained by the
nature of diseases involved. For example, a horse with a severe and
acute abdominal disease is usually referred without delay, but such
diseases can have low survival rates [68], e.g. large colon volvulus
(LCV). In contrast, when colic persists for several days, the underlying
disease is generally less severe, such as a colon displacement or
impaction, and is associated with less tissue damage and a more
rapid recovery [68].

In one study, horses admitted after 1980 had lower reflux volume, PCV,
and heart rate, and higher total leukocyte count at presentation compared
with previous admissions [30]. These changes were associated with an
improved survival over these timeframes [30], and probably marked the
time point when the benefits of prompt referral became evident. An
improvement in survival rates and a corresponding decrease in
intraoperative euthanasia in horses with LCV over time [102] could also be
attributed to a trend towards earlier referral in the recent cases. This is
consistent with a study on horses with LCV that demonstrated an 86%
survival rate associated with a decrease in colonic biopsy score by ~ 0.5
per year, also attributed to earlier referral [103]. In a recent study on
Thoroughbred mares with LCV, in which the overall survival to discharge
was 88%, colic duration before admission was significantly related to
survival [96]. Such survival rates for LCV are considerable improvements
over the 34.7% reported in an earlier study, in which delays in referral were
considered responsible for the poor outcome [104].

The favourable survival rates reported when strangulated small intestinal
segments were judged to be viable and not require resection [32,36]
clearly demonstrate the benefit of surgery before irreversible intestinal
damage has developed. In one study, the mean duration of colic was
significantly less for those horses that did not require a resection versus
those that did [31]. Also early referral could reduce the risk of
complications, such as post-operative reflux (POR) after strangulating
lesions and diarrhoea after nonstrangulating lesions [105].

Some small intestinal strangulations might benefit from early referral
through easier correction. For example, a 92% survival has been
reported in horses treated by closed manual reduction of an inguinal
hernia [106], compared with a short-term survival rate of 56-85.1% for
those treated by surgery [51,56,68,107—111]. Presumably closed manual
reduction is possible early in the disease course whereas surgery is
required for hernias of sufficient duration to incur ischaemic damage
[106]. In one multicentre study of this disease, 69% of affected horses
survived if admitted before 10 h from onset of pain compared with 29%
in those admitted later [107]. In 143 horses with entrapment in the
epiploic foramen (EFE), surgery performed within 8 h from onset of colic
had a survival rate of 75.6%, compared with 45.1% survival with surgery
12 h or more after onset [112]. Results of one study identified some
referring veterinarians whose surgical colic cases had a higher risk of
intra-operative death than others [98], possibly because of delays in
referral. More encouraging was the finding in a recent study that 96% of
horses that had surgery for colic had one visit by a veterinarian at the
farm [16], which would suggest that referring veterinarians can
accurately identify those cases that should undergo surgery and could
refer them promptly.

Role of diagnostic procedures

In the last 3 decades, ultrasonography has emerged as a simple, accurate,
noninvasive, and widely used method of diagnosing intestinal diseases in
horses [113]. Examples of these are colonic displacements [114,115], colon
entrapment over the nephrosplenic ligament [116], small intestinal
strangulation [113], intestinal thickening [117], intussusceptions of small
[118] and large intestine [119], ascarid burden [120], obstructive
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cholelithiasis  [121], intra-abdominal haemorrhage, peritonitis, visceral
rupture [122] and many others. A major advantage of ultrasonography is
safe assessment of an animal unsuitable for palpation per rectum because
of size and temperament. It can also provide useful information on
intestinal motility [123].

Although systemic lactate has long been recognised as a peritoneal [124]
and systemic marker of poor tissue perfusion and anaerobic metabolism in
horses [125-127], current analysers facilitate its rapid and accurate
measurement in these fluids in horses with colic [128-130]. An elevated
ratio of peritoneal fluid lactate to systemic lactate has improved diagnosis
of ischaemic intestinal lesions [128] and assessment of prognosis for
survival after surgery [130]. Systemic lactate can be used to guide volume
expansion [131,132] and to assess recovery after colic surgery
[74,99,100,132,133].

Epidemiological studies have improved our understanding of different
types of colic and their causes [21], but also have yielded information of
diagnostic value. For example, horses with compatible clinical and other
findings can be identified by disease risk, such as recent coastal Bermuda
grass hay consumption (ileal impaction [134]), old age (strangulating lipoma
[135]), crib-biting (epiploic foramen entrapment [136-138]), American
miniature horse and other small breeds (fecalith in small colon [139]), and
origin from same premises as other cases with similar signs and confirmed
diagnosis (grass sickness [140]).

Role of anaesthesia in survival

Despite improvements in facilities, monitoring equipment, ventilators,
training and available drugs, anaesthesia-related fatalities for elective
equine cases over the last 4 decades have remained at 0.9% or one death/
111 anaesthetics [141-143], with ranges from 0.08% to 1.8%, [144-152],
depending upon study design and definitions of mortality [143]. This rate is
between 10- and 1000-fold greater than the mortality rate with anaesthesia
for cats, dogs and human beings [143]. When emergency cases, such as
colic surgery or Caesarean section, are included, mortality for horses
ranges from 0.24% [152] to 19.5% [141,151]. The most common causes of
death related to anaesthesia are cardiac arrest, fractures in the recovery
stall [149] and postanaesthetic myopathy [152].

The use of isoflurane instead of halothane in recent years and the
associated decrease in cardiovascular depression should improve survival.
However, no significant difference in anaesthesia-related mortality could be
shown between these inhalants in one study, except that isoflurane was
possibly safer in young horses and reduced death from cardiac arrest,
particularly in high risk cases [149]. Recent studies on isoflurane and
sevoflurane for anaesthesia maintenance report fewer intraoperative cardiac
arrests compared with reports from older studies on halothane [143]. In
other studies on anaesthesia for colic, different anaesthetic induction agents
and protocols, inhalation maintenance agents, administration of dobutamine
or phenylephrine and intermittent positive pressure ventilation had no
significant effect on outcome [98,153]. Nonetheless, these probably
constitute important improvements in anaesthesia of horses with colic.

Over the timeframe of this review, one important advance in anaesthesia
for horses with colic is the use of inhalant anaesthetics instead of chloral
hydrate as in the preceding decades [45]. Also, the original version of
balanced anaesthesia incorporated a muscle relaxant with halothane [154],
possibly a less humane and less effective means of reducing cardiovascular
depression from the inhalant than current protocols with continuous rate
infusion with lidocaine and other agents [155,156]. Another improvement
in equine anaesthesia is an apparent reduction in postanaesthetic
myopathy, in both prevalence and severity [19].

If another Confidential Enquiry into Peri-anaesthetic Equine Fatalities
(CEPEF-4) is conducted in the near future, this could include critical incident
reporting (CIR), an approach that could help identify and correct problem
areas in equine anaesthesia [142]. Safer anaesthetic techniques and
reduction of human error through training and use of monitoring devices,
guidelines, standards and checklists could also reduce anaesthesia-related
mortality in horses [142,143]. Also, the future offers considerable promise
in improving ventilatory support of the anaesthetised horse, based on a
substantial growth in our understanding of pulmonary pathophysiology
during anaesthesia [157].

Equine Veterinary Journal 50 (2018) 423-435 © 2018 EVJ Ltd
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Survival according to segment affected

To provide sufficient power for statistical analyses, many studies group all
intestinal segments and diseases together, which ignores the wide
variation in survival and complication rates between and within segments.
For example, survival rates are higher after surgery for large versus small
intestinal obstructions in adult horses [56,68,71,75,101,158] and foals
[159,160] and the number of large intestinal lesions can be double that of
small intestinal lesions in hospital-based studies [25,56,59,63,68,72,161—
165]. Nonstrangulating obstructions account for a larger proportion of all
diseases in the large intestine [56,76,78,161,165] than they do in the small
intestine [31,37,52,56,71,77,166] and can have short-term survival rates
>88% [24,59,63,88,167]. Both NSE and RDDC were not described in the
English literature before 1977 [168,169], but their prominence in recent
studies and favourable outcomes associated with them could explain
improved overall survival from colic surgery over the last half century
[24,63,68,76-78,81]. Therefore, such studies that group all intestinal
segments together might not detect a lack of improvement in small
intestinal surgery.

Role of intraoperative euthanasia

The role of intraoperative euthanasia in colic surgery deserves close
scrutiny, because this process creates a selection bias that could
spuriously improve survival rates compared with survival of all horses
that undergo anaesthesia [63,81]. From 40 to 55% of surgical mortalities
can be caused by death or euthanasia during surgery [68], with
euthanasia usually for financial reasons and poor prognosis [63]. These
deaths can account for 26-27% of all horses treated surgically [63,68],
almost twice as many with small intestinal lesions compared with large
intestinal lesions [71,160]. In one study, LCV and strangulating lipoma
were the most common lesions in horses that were euthanatised
intraoperatively after discussion with the owners about a poor prognosis
[56]. Inappropriate decisions for intraoperative euthanasia could be
based on misconceptions about effects of age on recovery [77,78],
effects of surgery on athletic performance, or of disease on prognosis.
Surgeon bias can be critical, such as an aversion to jejunocaecostomy
[57] or a negative assessment of prognosis based on finding nonviable
intestine [67,77,170]. Therefore, survival data should be provided for all
horses that undergo surgery, not simply those that recover from
anaesthesia.

Intraoperative euthanasia could represent a hidden source of failure
and could deny a lifesaving surgery to many horses with a treatable
lesion. Financial constraints are valid arguments against a difficult
surgery with a fair prognosis (e.g. large colon resection) but are largely
created by the profligate use of questionable but costly post-operative
medications after small intestinal surgery [18]. More disconcerting still is
the impression that intraoperative euthanasia has become more
prevalent over time within hospitals [171] and between hospitals
[47,67,68,113,170]. An approach that eschewed intraoperative euthanasia
for small intestinal strangulation has produced favourable survival rates
[34,35], suggesting that giving more horses a chance of completed
surgery could be justified.

Role of surgical procedures and
anastomosis

Correction by reduction, enterotomy, decompression or manipulation as
only treatments have a better prognosis than resection and anastomosis in
most studies [31,32,36,50,56,59,67,172]. Studies on jejunojejunostomy in
horses treated between 1989 and 2010 reported survival rates of 85.7-95%
after this surgery [31,35,37,52,53,57,173]. However, the broad ranges
reported for POR of 0 [31,35] to 63% with this anastomosis
[37,53,57,62,173] would imply that an opportunity exists for improvement
in technical aspects of this procedure. Jejunocecal and ileocecal
anastomoses can constitute 32-68% of all small intestinal anastomoses
[30,31,37,52,112] and can adversely affect outcome compared with other
anastomoses [30,31,34,37,49,51,52,54 56,59,64,67,172,174,175]. However,
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recent studies have documented short-term outcomes of 80 [38] to 91%
[34], with good long-term survival rates (Table 1).

Although resection of all the strangulated colon is usually impossible
with LCV, major benefits of this procedure are debulking devitalised tissue,
thereby reducing the severity of post-operative endotoxaemia [87]. One of
the most difficult aspects of this surgery is the lack of clinical and
laboratory guidelines to assess colonic viability and hence the need for
resection [87,176,177]. Despite survival rates of 68-77% after completed
colon resection [176-178], resection was not found to be statistically
associated with an increased likelihood of short-term survival in a recent
study [179].

Post-operative complications and mortality

A triphasic pattern of survival has been identified after colic surgery (Fig 1),
with most deaths in the first 10 days after surgery [25], when early post-
operative complications could impact cost of treatment and survival
[33,56,179]. However, little progress seems to have been made in reducing
post-operative complication rates [180,181]. This is discouraging when the
improved condition of horses at admission is considered, as well as the
large array of post-operative medications at our disposal with putative
ability to reduce complications (see below).

One of the most common complications of small intestinal surgery is
POR, with a prevalence rate that varies widely from 10 to 73% [181], with
evidence of unchanging or increasing prevalence over time (Fig 2
[20,33,52,163,164,171]). This last finding is difficult to reconcile with the
trend towards early referral and presentation of horses in better overall
condition over recent time periods (see above). Post-operative reflux
probably spawns all other complications [52,181], is expensive to treat,
prolongs hospitalisation, and has an adverse effect on the rate of post
discharge colic [22] and survival [20,22,33,52,68,179]. Horses that develop
POR can be 28.2-29.7 times less likely to survive than those without
[52,166] and euthanasia for POR has been reported at 30% to 66% of
affected horses [25,166,182]. Although intestinal inflammation induced by
surgical manipulation is considered a possible cause of POR [183], the role
of this process might be overestimated [181] relative to physical
obstruction amenable to repeat celiotomy [184]. The possibility that POR is
a multifactorial disease rather than simply a functional disorder should
redirect management from medical treatment to surgical prevention [181].
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Fig 2: Bar graph of percentage of horses treated for small intestinal disease in
four different hospitals (A-D) showing a lack of change or an increase in the
percentage of horses that developed POR (actual percentages in bottom row of
table) over 10- to 15-year time spans in each hospital. Each hospital used the
same inclusion criteria for POR at each time period. Years covered in each report
follow the letter designation and references are: 164, 165 (A/A’); 33, 52, 182 (B);
37, 162 (C); and 20 (D). A’ indicates that data from hospital A were combined
with data from another hospital that reported a lower prevalence of POR [165].
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Post-operative colic (POC) has been reported in <61% of horses following
small intestinal resection and anastomosis [52,53,118] and in <42% in
horses with strangulating large colon lesions [178,185]. This complication
can increase post-operative fatality after small intestinal surgery by 1.3
times compared with horses that do not develop this complication [33].
The number of colic episodes in the remainder of a horse’s life after colic
surgery can vary considerably from none to multiple, with almost half the
discharged horses in one study being free of colic in the first year after
small intestinal surgery [51]. In other studies, up to 32% of horses
discharged had colic, either as single or multiple events [25,63,68].
Although adhesions or anastomotic problems could explain this
complication in horses discharged after surgery, the comparable rate with
cases treated medically in one hospital [68] would suggest that more
complicated issues are involved.

Serosal adhesions — a success story?

Adhesions after colic surgery can go undetected, especially because
horses with post-operative colic can be euthanised without necropsy [186]
and adhesions are not the only cause of colic after discharge [23].
Nonetheless, the current rate of adhesion formation is regarded as
approximately 6-13% after small intestinal surgery [31,76,187], compared
with 22% in an early study [188]. The survival pattern, low rate of colic after
hospital discharge, and the low rate of adhesion formation at necropsy
after hospital discharge in interrelated small intestinal studies would
suggest that intra-abdominal adhesions in horses might be less common
than once thought [31,34-36]. Despite evidence to the contrary in one
study [23], adhesions are more common after small versus large intestinal
surgery in horses [76,186].

Although  omentectomy has been recommended to prevent
adhesions, omental adhesions are a rare cause of colic [187,188]. Also,
the concern that the potentially more dangerous bowel to bowel or
bowel to mesentery adhesions might replace omental adhesions could
be an argument against omentectomy [186]. Research has demonstrated
that various solutions and antiadhesive barriers or membranes can
prevent adhesions in end-to-end anastomoses in equine small intestine
or in abraded small intestine [189-195] and might decrease morbidity
and mortality from ischaemic intestinal diseases in horses [190]. In
clinical studies on small intestinal surgery, intra-abdominal infusion of
sodium carboxymethylcellulose (CMC) significantly improved survival
rates [105] and a combined hyaluronate (HA) CMC membrane applied to
an anastomosis reduced colic and mortality from colic [35]. However,
these were retrospective studies and therefore subject to bias, lacked
randomisation, had inconsistencies in surgical procedures between
groups, and lacked information through necropsy or repeat celiotomy
[35,105]. The (HA) CMC membrane is expensive, can only be applied to
a small area, such as the primary lesion or anastomotic site, and can
impair healing in human intestinal anastomoses [196]. Also, adhesions
can form at distant sites, thereby suggesting a more pan-abdominal
approach be taken to adhesion prevention rather than focus on the
anastomosis [23].

Although application of a mesenteric flap around an anastomosis has
been tested as an antiadhesive barrier in the research [197] and clinical
settings [198], risks of mesenteric and anastomotic distortion with this
procedure might outweigh the benefits [199]. PERIDAN™ is a purified
fucoidan with antiadhesive, anticoagulant properties that can be applied
safely to equine peritoneum, although its ability to prevent adhesions in
horses is unknown [200]. Intraperitoneal heparin therapy seemed to
reduce intra-abdominal adhesion formation in one study [22], but
univariable analyses were used, so the role of confounders is unknown.
Intravenous and subcutaneous injection of heparin decreased adhesions
in an ischaemic jejunal model in a study on ponies [201] and
intravenous  dimethylsulphoxide alone and flunixin ~ meglumine,
potassium penicillin and gentamicin combined reduced adhesions in an
ischaemia-reperfusion model in foals [202]. Post-operative repeated
peritoneal lavage reduced adhesions induced experimentally by jejunal
abrasion in mature horses [203]. However, the extent that many of
these treatments are used clinically is unknown and clinical trials on
their efficacy are lacking.
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Role of post-operative pharmacological
management

Perceived improvements in survival rates with colic surgery have been
attributed to improved pharmacological management of the horse post-
operatively [18], especially with treatments designed to prevent adhesions
[203], POR [166,204], endotoxaemia/SIRS [205] and reperfusion injury [206].
This assessment is flawed in many ways. Firstly, so many drugs are given
routinely under current systems of post-operative care that the benefits of
any of them cannot be deduced [166]. Secondly, there are few if any well-
designed studies that show a benefit of any drug treatment. Thirdly, low
complication and high survival rates after colic surgery achieved through a
parsimonious approach to post-operative drug therapy [31,34-3¢] at least
challenge the notion that aggressive post-operative drug therapy plays an
important role in survival. The strongest argument in favour of a
conservative approach to post-operative treatments is expense [207],
which could drive the overall cost of colic surgery beyond what most
owners can afford.

The most common post-operative complication of colic surgery is POR
(see above). Widespread use of a continuous rate infusion of lidocaine “as a
prokinetic” to prevent POR in horses [208,209] is predicated on reported
efficacy [204] and improved short-term survival [166] with this treatment.
However, none of these studies examined long-term survival and they were
not all adequately randomised, used insufficient numbers to provide
statistical power, included other drugs, involved high rates of lidocaine
treatment under anaesthesia for control horses [166], and included
diseases that might not represent the typical causes of POR [204]. The
absence of a prokinetic effect in normal horses [210,211], questionable
antiinflammatory benefits [212,213], and absence of a favourable cost-
benefit analysis raise some concerns about the use of lidocaine. A recent
study demonstrated that lidocaine did not affect the prevalence of POR,
total reflux volume, duration of reflux and post-operative survival after small
intestinal surgery [20]. However, the enhanced visceral analgesic effect of
lidocaine and flunixin meglumine combined [214] is a potential benefit in
select cases. Although different prokinetic agents are available to treat or
prevent POR [215], the overall results to date are disappointing [43,166].

Flunixin meglumine (FM) became available in the late 1970s as an NSAID
that could reduce pain and with low risk of gastrointestinal and renal injury
[216]. Subsequent studies demonstrated that FM provides analgesia [216]
and blocks the effects of endotoxaemia in horses [217]. Because of the
concern that FM, a nonspecific COX inhibitor, could paradoxically cause
post-operative endotoxaemia by impairing recovery of the mucosal barrier
[214], specific COX-2 inhibitors, such as firocoxib and meloxicam might be
preferable [18,64,218]. However, when strangulated small intestine was left
in situ, clinical evidence of post-operative endotoxaemia did not develop
after twice daily full-dose FM [36], a finding that could challenge the
concern about FM-induced failure of mucosal recovery. In another clinical
study, FM did not appear to increase the risk of endotoxaemia or POR and
had superior pain scores compared with meloxicam [64]. Also, FM does
not appear to interfere with recovery of barrier integrity in the equine
colonic mucosa after ischaemia [219]. A concern with COX-2 selective
NSAIDs is growing evidence that they can interfere with healing of colonic
anastomoses in human patients and laboratory animals [220].

Colic surgery is usually classified as clean or clean-contaminated, so that
a single dose of preoperative antimicrobial drugs should be sufficient
prophylaxis against surgical site infection (SSI [221]). However, current
methods of antimicrobial usage in colic surgery might fail to follow best
practices for dose and timing of administration [61]. Also the common
practice of long-term post-operative usage might be unnecessary [222] and
could increase the risks of antimicrobial resistance and post-operative
salmonellosis [61].

Improved management of endotoxaemia or SIRS after colic surgery can
be attributed to NSAIDs and i.v. fluids, and less commonly used agents
include polymixin B, enteral adsorbents, and plasma [205,223].
Cryotherapy of the distal limbs [224] can attenuate lamellar damage [225]
and should improve management of horses at risk or that develop laminitis
from perioperative sepsis [25,31,51].

The potential for reperfusion injury to exacerbate inflammation in horses
after colic surgery has led to studies on a large number of different
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treatments; however, consistent evidence of a beneficial response is
lacking [226]. Carolina Rinse solution contains antioxidants and was
designed to support organ viability for transplantation. It has shown some
benefit in maintaining vascular permeability close to normal during
reperfusion after a short period of low-flow ischaemia in the equine
jejunum [206]. However, it is expensive and should be perfused through a
mesenteric artery, which is technically challenging [206].

Although diagnosis, prevention and treatment of gastric ulcers
represent advances in gastrointestinal diseases in horses [227], the
impact of gastric ulcers on recovery from colic surgery is unclear [228].
In one study, gastric ulcers were more likely in horses with abdominal
pain responsive to medical treatment than in those that required
surgery [228]. Although American miniature horses, ponies, donkeys
and others are at risk of hyperlipidaemia, hyperlipaemia and hepatic
lipidosis when denied food before and after colic surgery, recognising
these risks and using appropriate measures to prevent them represent
an improvement in managing these cases [229]. Pre- and post-operative
management of pain has improved over the period covered by this
review, largely through an increased availability of effective analgesic
drugs and a better understanding of the pathophysiology of pain itself
[230].

Fluid therapy

Fluid therapy is a major advance in the treatment of colic [231], although
the delivery volumes and rates selected in veterinary medicine tend to be
arbitrary and most published guidelines lack scientific support [232]. There
is some evidence that overhydration with sodium-rich crystalloids could be
potentially harmful in human patients [233] and could reduce colloid
osmotic pressure to levels associated with decreased survival in horses
[234]. In horses that had surgery for small intestinal strangulation, a low
intraoperative PCV predicted failure to recover from anaesthesia and a
need for gastric decompression after surgery [67]. Overhydration was
considered as a possible explanation for these PCV-related outcomes [67],
especially because intestinal motility can be disrupted by crystalloid-
induced intramural oedema [235]. However, the effects of overhydration
and survival have not been established for horses. Fluid therapy has been
improved in recent decades by inclusion of colloids and hypertonic saline
(HSS [236]) to effectively expand the intravascular space in critical cases.
Although beneficial in the surgical patient under general anaesthesia
[237,238], effects on survival have not been established [52], and the high
cost of colloids could limit use to horses with severe disease and poor
prognosis.

Many horses with colic might benefit from early goal directed therapy
(EGDT) for volume support, which is a strategy to improve the matching of
oxygen delivery to oxygen consumption in septic patients early in the
disease process [239]. Fluid responsiveness is an important concept in
human medicine and distinguishes those patients who would benefit from
fluid resuscitation from those who would not [240]. This finding
underscores the need for measuring variables that appropriately guide
EGDT, although such measurements could be difficult in the horse [241].

Future directions

Many improvements in colic surgery have evolved over the last 50 years,
but the relative impact of any of them on survival is unclear. The future
should focus on the following items that past experience has taught us
could improve survival rates.

« Early referral will always be critical to improve survival and to reduce
complications and costs. Efforts to educate owners and veterinarians on
improving this process should be a priority, with emphasis on referring
promptly when in doubt rather than seeking a high degree of diagnostic
specificity on the farm [242].

Reducing POR and other complications is a critical step to improve
survival. In addition to adverse effects on performance and mortality,
complications can create pessimism about prognosis and generate high
costs, both of which could increase pre- and intraoperative euthanasia.
POR has negative welfare implications, inflicted by the discomfort of
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nasogastric intubation, dehydration, gastrointestinal distention and denial
of food.

The cost of colic surgery needs to be contained, largely through a more
selective approach to drug usage and a greater emphasis on preventing
complications [181]. The heavy focus on pharmacological management
of POR [18] needs to be modified to include an approach that
emphasises surgical prevention [31,34-36,181]. This could be modelled
on the concept of “fast-track surgery,” also called “enhanced recovery
after surgery” (ERAS), applied to human gastrointestinal patients [243].
Horses appear to tolerate early post-operative feeding (18-24 h) after
small intestinal surgery [34-36], and, based on work in other species, this
approach should be encouraged to improve intestinal motility [244] and
anastomotic healing [245].

More favourable outcomes in colic surgery associated with surgeon
experience [31,32,38] and board certification in surgery [170] underscore
the importance of training in colic surgery and the role of surgery itself in
improving survival rates.

Clinical governance and clinical audit should be used to improve the
quality of patient care and the practice of surgery in veterinary hospitals
involved in full service colic management [246].

Intraoperative euthanasia, based on proposed indicators of prognosis
[130,247], probably should be reevaluated, recognising that this
approach reduces overall survival in an insidious manner, while possibly
improving post-operative survival data through selection bias. Therefore,
horses euthanised under anaesthesia should be included in assessments
of colic survival. The strongest argument against intraoperative
euthanasia is to prevent negative prognostic indicators generated in the
past [130,247] from denying us the opportunity to improve survival in the
future. Or, as once stated, those who look only to the past or present are
certain to miss the future (John F. Kennedy).

Author’s declaration of interests

No competing interests have been declared.

Ethical animal research

Not required for this review article.

Sources of funding

None.

Acknowledgements

None.

References

1. Greatorex, J.C. (1968) Rectal exploration as an aid to the diagnosis of
some medical conditions in the horse. Equine Vet. J. 1, 26-30.

2. Southwood, L.L., Dolente, B.A., Lindborg, S., Russell, G. and Boston, R.
(2009) Shortterm outcome of equine emergency admissions at a
university referral hospital. Equine Vet. J. 41, 459-464.

3. Viljoen, A., Saulez, M.N., Donnellan, C.M., Bester, L. and Gummow, B.
(2009) After-hours equine emergency admissions at a university referral
hospital (1998-2007): causes and interventions. J. S. Afr. Vet. Ass. 80,
169-173.

4. Traub-Dargatz, J.L., Salman, M.D. and Voss, J.L. (1991) Medical problems
of adult horses, as ranked by equine practitioners. J. Am. Vet. Med. Ass.
198, 1745-1747.

5. Kaneene, J.B., Miller, R., Ross, W.A., Gallagher, K., Marteniuk, J. and
Rook, J. (1997) Risk factors for colic in the Michigan (USA) equine
population. Prev. Vet. Med. 30, 23-36.

6. Tinker, M.K., White, N.A., Lessard, P., Thatcher, C.D., Pelzer, K.D., Davis,
B. and Carmel, D.K. (1997) Prospective study of equine colic incidence
and mortality. Equine Vet. J. 29, 448-453.

429



Colic surgery, survival and complications

7.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

430

. National

. Mair, TS.

. Archer,

. Blikslager, A.

Traub-Dargatz, J.L., Kopral, C.A., Seitzinger, A.H., Garber, L.P., Forde, K.
and White, N.A. (2001) Estimate of the national incidence of and operation-
level risk factors for colic among horses in the United States, spring 1998
to spring 1999. J. Am. Vet. Med. Ass. 219, 67-71.

. Hillyer, M.H., Taylor, F.G. and French, N.P. (2001) A cross-sectional study

of colic in horses on thoroughbred training premises in the British Isles
in 1997. Equine Vet. J. 33, 380-385.

. Cox, R., Proudman, C.J., Trawford, A.F., Burden, F. and Pinchbeck, G.L.

2007 .Epidemiology of impaction colic in donkeys in the UK. BMC Vet.
Res. 3, 1.
Animal Health Monitoring System (NAHMS) Equine 2015
Study. Report I: Baseline Reference of Equine Health and Management
in the United States, 2015. Fort Collins, Colorado: USDA:APHIS:VS,
2015; 91.

. Slater, J. (2016) National Equine Health Survey (NEHS) 2016 Report (Royal

Veterinary College and BEVA). pp 1-10.

. Proudman, C.J. (1992) A two-year, prospective survey of equine colic in

general practice. Equine Vet. J. 24, 90-93.

. Hudson, J.M., Cohen, N.D., Gibbs, P.G. and Thompson, J.A. (2001)

Feeding practices associated with colic in horses. J. Am. Vet. Med. Ass.
219, 1419-1425.

(2004) BEVA evidence-based medicine colic survey. In:
Proceedings British Equine Veterinary Association Congress 2004, Eds:
L.A. Abeyasekere F.J. Barr Equine Veterinary Journal Ltd, Newmarket. pp
58-59.

D.C. and Proudman, C.J.
preventing colic. Vet. J. 172, 29-39.

(2006) Epidemiological clues to

. Curtis, L., Burford, J.H., Thomas, J.S., Curran, M.L., Bayes, T.C., England,

G.C. and Freeman, S.L. (2015) Prospective study of the primary evaluation
of 1016 horses with clinical signs of abdominal pain by veterinary
practitioners, and the differentiation of critical and non-critical cases.
Acta Vet. Scand. 57, 69. https://doi.org/10.1186/513028-015-0160-9.

. Southwood, L.L. (2013) Colic — Lessons from the past and expectation

for the future. Proc. Int. Congr. World Equine Vet. Ass. 13, 1-10.
(2009) Advances in management of small intestinal
diseases causing colic. Proc. Am. Ass. Equine Pract. 55, 207-211.

. Senior, J.M. (2013) Morbidity, mortality, and risk of general anesthesia in

horses. Vet. Clin. N. Am. Equine Pract. 29, 1-18.

Salem, S.E., Proudman, C.J. and Archer, D.C. (2016) Has intravenous
lidocaine improved the outcome in horses following surgical
management of small intestinal lesions in a UK hospital population? BMC
Vet. Res. 12, 157.

Cohen, N.D. (2011) Equine epidemiology: counting for something in
equine practice. Proc. Am. Ass. Equine Practnrs. 57, 85-98.

Mair, T.S. and Smith, L.J. (2005) Survival and complication rates in 300
horses undergoing surgical treatment of colic. Part 3: long-term
complications. Equine Vet. J. 37, 310-314.

Gorvy, D.A., Edwards, G.B. and Proudman, C.J. (2008) Intra-abdominal
adhesions in horses: a retrospective evaluation of repeat laparotomy in
99 horses with acute gastrointestinal disease. Vet. J. 175, 194-201.
Smith, L.J. and Mair, T.S. 2010.Are horses that undergo an exploratory
laparotomy for correction of a right dorsal displacement of the large
colon predisposed to post operative colic, compared to other forms of
large colon displacement? Equine Vet. J. 42, 44-46.

Proudman, C.J., Smith, J.E., Edwards, G.B. and French, N.P. (2002) Long-
term survival of equine surgical colic cases. Part 1: patterns of mortality
and morbidity. Equine Vet. J. 34, 432-437.

Clark, T.G., Bradburn, M.J., Love, S.B. and Altman, D.G. (2003) Survival
Analysis Part I: basic concepts and first analyses. Br. J. Cancer 89, 232-238.
Peto, R., Pike, M.C., Armitage, P., Breslow, N.E., Cox, D.R., Howard, S.V.,
Mantel, N., McPherson, K., Peto, J. and Smith, P.G. (1976) Design and
analysis of randomised clinical trials requiring prolonged observation of
each patient. Br. J. Cancer 34, 585-612.

Kaplan, E.L. and Meier, P. (1958) Nonparametric estimation from
incomplete observations. J. Am. Stat. Ass. 53, 457-481.

Bradburn, M.J., Clark, T.G., Love, S.B. and Altman, D.G. (2003) Survival
Analysis Part Il: multivariate data analysis — an introduction to concepts
and methods. Br. J. Cancer 89, 431-436.

MacDonald, M.H., Pascoe, J.R., Stover, S.M. and Meagher, D.M. (1989)
Survival after small intestine resection and anastomosis in horses. Vet.
Surg. 18, 415-423.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

D. E. Freeman

Freeman, D.E., Hammock, P., Baker, G.J., Foreman, J.H., Schaeffer, D.J.,
Richter, R.A., Inoue, O. and Magid, J.H. (2000) Short- and long-term
survival and prevalence of postoperative ileus after small intestinal
surgery in the horse. Equine Vet. J. 32, Suppl. 32, 42-51.

Garcia-Seco, E., Wilson, D.A., Kramer, J., Keegan, K.G., Branson, KR,
Johnson, P.J. and Tyler, JW. (2005) Prevalence and risk factors
associated with outcome of surgical removal of pedunculated lipomas in
horses: 102 cases (1987-2002). J. Am. Vet. Med. Ass. 226, 1529-1537.
Fogle, C.A., Gerard, M.P., Elce, Y.A,, Little, D., Morton, A.J., Correa, M.T.
and Blikslager, A.T. (2008) Analysis of sodium carboxymethylcellulose
administration and related factors associated with postoperative colic
and survival in horses with small intestinal disease. Vet. Surg. 37, 558-
563.

Freeman, D.E. and Schaeffer, D.J. (2010) Comparison of complications
and long-term survival rates following hand-sewn versus stapled side-to-
side jejunocecostomy in horses with colic. J. Am. Vet. Med. Ass. 237,
1060-1067.

Freeman, D.E. and Schaeffer, D.J. (2011) Clinical comparison between a
continuous Lembert pattern wrapped in a carboxymethylcellulose and
hyaluronate membrane with an interrupted Lembert pattern for one-
layer jejunojejunostomy in horses. Equine Vet. J. 43, 708-713.

Freeman, D.E., Schaeffer, D.J. and Cleary, 0.B. (2014) Long-term survival
in horses with strangulating obstruction of the small intestine managed
without resection. Equine Vet. J. 46, 711-717.

Stewart, S., Southwood, L.L. and Aceto, H.W. (2014) Comparison of
short-  and long-term  complications and  survival following
jejunojejunostomy, jejunoileostomy and jejunocaecostomy in 112 horses:
2005-2010. Equine Vet. J. 46, 333-338.

Brown, J.A., Holcombe, S.J., Southwood, L.L., Byron, C.R., Embertson,
R.M. and Hauptmann, J.G. (2015) End-to-side versus side-to-side
jejunocecostomy in horses: a retrospective analysis of 150 cases. Vet.
Surg. 44, 527-533.

Bradburn, M.J., Clark, T.G., Love, S.B. and Altman, D.G. (2003) Survival
Analysis Part Il multivariate data analysis — choosing a model and
assessing its adequacy and fit. Br. J. Cancer 89, 605-611.

Proudman, C.J., Edwards, G.B., Barnes, J. and French, N.R. (2005) Factors
affecting long-term survival of horses recovering from surgery of the
small intestine. Equine Vet. J. 37, 360-365.

Clark, T.G., Bradburn, M.J., Love, S.B. and Altman, D.G. (2003) Survival
Analysis Part IV: further concepts and methods in survival analysis. Br. J.
Cancer 89, 781-786.

Hosmer, D.W. and Lemeshow, S. (1999) Applied Survival Analysis:
Regression Modelling of Time to Event Data, Wiley, New York.

Smith, M.A., Edwards, G.B., Dallap, B.L., Cripps, P.J. and Proudman, C.J.
(2005) Evaluation of the clinical efficacy of prokinetic drugs in the
management of post-operative ileus: can retrospective data help us?
Vet. J. 170, 230-236.

Pearson, H., Messervy, A. and Pinsent, P.J.N. (1971) Surgical treatment
of abdominal disorders in the horse. J. Am. Vet. Med. Ass. 159, 1344-
1352.

Littlejohn, A. (1968) The surgical relief of intestinal obstruction in horses: a
review |. Mortality, anaesthesia and laparotomy. Br. Vet. J. 121, 497-508.
Tennant, B. (1975) Intestinal obstruction in the horse: some aspects of
differential diagnosis in equine colic. Proc. Am. Ass. Equine Practnrs. 38,
426-438.

Edwards, G.B. and Hunt, J.M. (1985) An analysis of the incidence of
equine postoperative ileus (POI) and an assessment of the predisposing
factors. Proc. 2nd Int. Colic Res. Symp. 2, 307-312.

Huskamp, B. (1982) Diagnosis and treatment of acute abdominal
conditions in the horse: various types and frequency as seen at the
animal hospital in Hochmoor. Proc. 1st Equine Colic Res. Symp., 1, 261-
272.

Bladon, B.M. and Hillyer, M.H. (2000) Effect of extensive ileal resection
with a large resulting mesenteric defect and stapled ileal stump in
horses with a jejunocaecostomy: a comparison with other anastomotic
techniques. Equine Vet. J. 32, Suppl. 32, 52-58.

Fugaro, M.N. and Coté, N.M. (2001) Survival rates for horses undergoing
stapled small intestinal anastomosis: 84 cases (1988-1997). J. Am. Vet.
Med. Ass. 218, 1603-1607.

van den Boom, R. and van der Velden, M.A. (2001) Short- and long-
term evaluation of surgical treatment of strangulating obstructions of

Equine Veterinary Journal 50 (2018) 423-435 © 2018 EVJ Ltd


https://doi.org/10.1186/s13028-015-0160-9

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

. Freeman

the small intestine in horses: a review of 244 cases. Vet. Quart. 23,
109-115.

Morton, A.J. and Blikslager, A.T. (2002) Surgical and postoperative
factors influencing short-term survival of horses following small intestinal
resection: 92 cases (1994-2001). Equine Vet. J. 34, 450-454.

Semevolos, S.A., Ducharme, N.G. and Hackett, R.P. (2002) Clinical
assessment and outcome of three techniques for jejunal resection and
anastomosis in horses: 59 cases (1989-2000). J. Am. Vet. Med. Ass. 220,
215-218.

Stephen, J.0., Corley, K.T., Johnston, J.K. and Pfeiffer, D. (2004) Factors
associated with mortality and morbidity in small intestinal volvulus in
horses. Vet. Surg. 33, 340-348.

Freeman, D.E. and Schaeffer, D.J. (2005) Short-term survival after surgery
for epiploic foramen entrapment compared with other strangulating
diseases of the small intestine in horses. Equine Vet. J. 37, 292-295.
Mair, T.S. and Smith, L.J. (2005) Survival and complication rates in 300
horses undergoing surgical treatment of colic. Part 1: short-term survival
following a single laparotomy. Equine Vet. J. 37, 296-302.

Rendle, D.I., Woodt, J.L., Summerhays, G.E., Walmsley, J.P., Boswell, J.C.
and Phillips, T.J. (2005) End-to-end jejuno-ileal anastomosis following
resection of strangulated small intestine in horses: a comparative study.
Equine Vet. J. 37, 356-359.

enei, T.M., Garcia-Lépez, J.M., Provost, P.J. and Kirker-Head, C.A. (2007)
Surgical management of small intestinal incarceration through the
gastrosplenic ligament: 14 cases (1994-2006). J. Am. Vet. Med. Ass. 231,
1221-1224.

Mezerova, J., Zert, Z., Kabes, R. and Ottova, L. (2008) Analysis of
therapeutic results and complications after colic surgery in 434 horses.
Vet. Med. 53, 12-28.

Holcombe, S.J., Rodriguez, K.M., Haupt, J.L., Campbell, J.0., Chaney, K.P.,
Sparks, H.D. and Hauptman, J.G. (2009) Prevalence of and risk factors for
postoperative ileus after small intestinal surgery in two hundred and
thirty-three horses. Vet. Surg. 38, 368-372.

Dallap Schaer, B.L., Linton, J.K. and Aceto, H. (2012) Antimicrobial use in
horses undergoing colic surgery. J. Vet. Intern. Med. 26, 1449-1456.
Close, K., Epstein, K.L. and Sherlock, C.E. (2014) A retrospective study
comparing the outcome of horses undergoing small intestinal resection
and anastomosis with a single layer (Lembert) or double layer (simple
continuous and Cushing) technique. Vet. Surg. 43, 471-478.
Christophersen, M.T., Dupont, N., Berg-Serensen, K.S., Konnerup, C.,
Pihl, T.H. and Andersen, P.H. (2014) Short-term survival and mortality
rates in a retrospective study of colic in 1588 Danish horses. Acta Vet.
Scand. 56, 20. https://doi.org/10.1186/1751-0147-56-20.

Naylor, R.J., Taylor, A.H., Knowles, E., Wilford, S., Linnenkohl, W., Mair,
T.5. and Johns, I.C. (2014) Comparison of flunixin meglumine and
meloxicam for post operative management of horses with strangulating
small intestinal lesions. Equine Vet. J. 46, 427-434.

Bergren, A.L., Credille, B.C., Epstein, KL and Giguere, S. (2015)
Retrospective comparison of gastrosplenic entrapment of the small
intestine to other strangulating small intestinal lesions in adult horses.
Vet. Surg. 44, 535-539.

Kilcoyne, I., Dechant, J.E. and Nieto, J.E. (2016) Comparison of clinical
findings and shortterm survival between horses with intestinal
entrapment in the gastrosplenic ligament and horses with intestinal
entrapment in the epiploic foramen. J. Am. Vet. Med. Ass. 249, 660-667.
Espinosa, P., Le Jeune, S.S., Cenani, A, Kass, P.H. and Brosnan, R.J.
(2017) Investigation of perioperative and anesthetic variables affecting
short-term survival of horses with small intestinal strangulating lesions.
Vet. Surg. 46, 345-353.

van der Linden, M.A., Laffont, C.M. and Sloet van Oldruitenborgh-
Oosterbaan, M.M. (2003) Prognosis in equine medical and surgical colic.
J. Vet. Intern. Med. 17, 343-348.

Tapprest, J., Morignat, E., Dornier, X., Borey, M., Hendrikx, P., Ferry, B.,
Calavas, D. and Sala, C. (2017) Fallen stock data: an essential source of
information for quantitative knowledge of equine mortality in France.
Equine Vet. J. 49, 596-602.

Christophersen, M.T., Tnibar, A., Pihl, T.H., Andersen, P.H. and Ekstrgm,
C.T. (2011) Sporting activity following colic surgery in horses: a
retrospective study. Equine Vet. J. 43, Suppl. 40, 3-6.

Immonen, I.A., Karikoski, N., Mykkanen, A., Niemela, T., Junnila, J. and
Tulamo, R-M. (2017) Long-term follow-up on recovery, return to use and

Equine Veterinary Journal 50 (2018) 423-435 © 2018 EVJ Ltd

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Colic surgery, survival and complications

sporting activity: a retrospective study of 236 operated colic horses in
Finland (2006-2012). Acta Vet. Scand. 59, 1-11.

Davis, W., Fogle, C.A., Gerard, M.P., Levine, J.F. and Blikslager, A.T.
(2013) Return to use and performance following exploratory celiotomy
for colic in horses: 195 cases (2003-2010). Equine Vet. J. 45, 224-228.
Santschi, E.M., Slone, D.E., Embertson, R.M., Clayton, M.K. and Markel,
M.D. (2000) Colic surgery in 206 juvenile Thoroughbreds: survival and
racing results. Equine Vet. J. 32, Suppl. 32, 32-36.

Hart, S.K,, Southwood, L.L. and Aceto, HW. (2014) Impact of colic
surgery on return to function in racing Thoroughbreds: 59 cases (1996—
2009). J. Am. Vet. Med. Ass. 244, 205-211.

Ducharme, N.G., Hackett, R.P., Ducharme, G.R. and Long, S. (1983)
Surgical treatment of colic. Results in 181 horses. Vet. Surg. 4, 206-209.
Philips, TJ. and Walmsley, J.P. (1993) Retrospective analysis of the
results of 151 exploratory laparotomies in horses with gastrointestinal
disease. Equine Vet. J. 25, 427-431.

Krista, K.M. and Kuebelbeck, K.L. (2009) Comparison of survival rates for
geriatric  horses versus nongeriatric horses following exploratory
celiotomy for colic. J. Am. Vet. Med. Ass. 235, 1069-1072.

Southwood, L.L., Gassert, T. and Lindborg, S. (2010) Colic in geriatric
compared to mature nongeriatric horses. Part 2: treatment, diagnosis
and short-term survival. Equine Vet. J. 42, 628-635.

Mackinnon, M.C., Southwood, L.L., Burke, M.J. and Palmer, J.E. (2013)
Colic in equine neonates: 137 cases (2000-2010). J. Am. Vet. Med. Ass.
243, 1586-1595.

Colbath, A.C., Patipa, L., Berghaus, R.D. and Parks, A.H. (2013) The
influence of suture pattern on the incidence of incisional drainage
following exploratory laparotomy. Equine Vet. J. 46, 156-160.

Tnibar, A., Grubbe Lin, K., Thuree Nielsen, K., Christophersen, M.T.,
Lindegaard, C., Martinussen, T. and Ekstrem, C.T. (2013) Effect of a stent
bandage on the likelihood of incisional infection following exploratory
coeliotomy for colic in horses: a comparative retrospective study. Equine
Vet. J. 45, 564-569.

Smith, L.J., Mellor, D.J.,, Marr, C.M. and Reid, S. (2007) Incisional
complications following exploratory celiotomy: does an abdominal
bandage reduce the risk? Equine Vet. J. 39, 277-283.

McGovern, K.F., Bladon, B.M., Fraser, B.S. and Boston, R.C. (2012)
Attempted medical management of suspected ascending colon
displacement in horses. Vet. Surg. 41, 399-403.

Fultz, L.E., Peloso, J.G., Giguere, S. and Adams, A.R. (2013) Comparison
of phenylephrine administration and exercise versus phenylephrine
administration and a rolling procedure for the correction of
nephrosplenic entrapment of the large colon in horses: 88 cases (2004—
2010). J. Am. Vet. Med. Ass. 242, 1146-1151.

Rocken, M., Schubert, C., Mosel, G. and Litzke, L.F. (2005) Indications,
surgical technique, and long-term experience with laparoscopic closure
of the nephrosplenic space in standing horses. Vet. Surg. 34, 637-641.
Hance, S.R. and Embertson, R.M. (1992) Colopexy in broodmares: 44
cases (1986-1990). J. Am. Vet. Med. Ass. 201, 782-787.

Ellis, C.M., Lynch, T.M., Slone, D.E., Hughes, F.E. and Clark, C.K. (2008)
Survival and complications after large colon resection and end-to-end
anastomosis for strangulating large colon volvulus in seventy-three
horses. Vet. Surg. 37, 786-790.

Nelson, B.B., Ruple-Czerniak, A.A., Hendrickson, D.A. and Hackett, E.S.
(2016) Laparoscopic closure of the nephrosplenic space in horses with
nephrosplenic colonic entrapment: factors associated with survival and
colic recurrence. Vet. Surg. 45, 060-069.

Rossignol, F., Mespoulhes-Riviere, C., Vitte, A., Lechartier, A. and
Boening, K.J. (2014) Standing laparoscopic inguinal hernioplasty using
cyanoacrylate for preventing recurrence of acquired strangulated
inguinal herniation in 10 stallions. Vet. Surg. 43, 6-11.

van Bergen, T., Wiemer, P., Schauvliege, S., Paulussen, E., Ugahary, F.
and Martens, A. (2016) Laparoscopic evaluation of the epiploic foramen
after celiotomy for epiploic foramen entrapment in the horse. Vet. Surg.
45, 596-601.

Munsterman, A.S., Hanson, R.R., Cattley, R.C., Barrett, E.J. and Albanese,
V. (2014) Surgical technique and short-term outcome for experimental
laparoscopic closure of the epiploic foramen in 6 horses. Vet. Surg. 43,
105-113.

van Bergen, T., ROtting, A., Wiemer, P., Schauvliege, S., Vanderperren,
K., Ugahary, F. and Martens, A. (2018) Foramen epiploicum mesh

431


https://doi.org/10.1186/1751-0147-56-20

Colic surgery, survival and complications

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

11,

112.

113.

114.

115.

432

closure (FEMC) through a ventral midline laparotomy. Equine Vet. J.
50, 235-240.

Proudman, C.J., French, N.P., Smith, J.E. and Edwards, G.B. (2002) Long
term survival of equine surgical colic cases. Part 2: modelling post-
operative survival. Equine Vet. J. 34, 438-443.

Puotunen-Reinert, A. (1986) Study of variables commonly used in
examination of equine colic cases to assess prognostic value. Equine
Vet. J. 18, 275-277.

Proudman, C.J., Edwards, G.B., Barnes, J. and French, N.P. (2005)
Modelling long-term survival of horses following surgery for large
intestinal disease. Equine Vet. J. 37, 366-370.

Hackett, E.S., Embertson, R.M., Hopper, S.A., Woodie, J.B. and Ruggles,
AJ. (2015) Duration of disease influences survival to discharge of
Thoroughbred mares with surgically treated large colon volvulus. Equine
Vet. J. 47, 650-654.

Reeves, M.J., Curtis, C.R., Salman, M.D., Stashak, T.S. and Reif, J.S. (1988)
Development and validation of multivariable models to predict the need
for surgery and prognosis in equine colic patients. Acta Vet. Scand.
Suppl. 84, 329-332.

Proudman, C.J., Dugdale, A.H., Senior, J.M., Edwards, G.B., Smith, J.E.,
Leuwer, M.L. and French, N.P. (2006) Pre-operative and anaesthesia-
related risk factors for mortality in equine colic cases. Vet. J. 171, 89-97.
Johnston, K., Holcombe, S.J. and Hauptman, J.G. (2007) Plasma lactate as
a predictor of colonic viability and survival after 360 degrees volvulus of
the ascending colon in horses. Vet. Surg. 36, 563-567.

Tennent-Brown, B.S., Wilkins, P.A., Lindborg, S., Russell, G. and
Boston, R.C. (2010) Sequential plasma lactate concentrations as
prognostic indicators in adult equine emergencies. J. Vet. Intern. Med.
24, 198-205.

Pascoe, P.J., McDonell, W.N., Trim, C.M. and van Gorder, J. (1983)
Mortality rates and associated factors in equine colic operations - a
retrospective study of 341 operations. Can. Vet. J. 24, 76-85.
Southwood, L.L. (2004) Postoperative management of the large colon
volvulus patient. Vet. Clin. Equine 20, 167-197.

Levi, O., Affolter, V.K., Benak, J., Kass, P.H. and Le Jeune, S.S. (2012) Use
of pelvic flexure biopsy scores to predict short-term survival after large
colon volvulus. Vet. Surg. 41, 582-588.

Harrison, I.W. (1988) Equine large intestinal volvulus. A review of 124
cases. Vet. Surg. 17, 77-81.

Fogle, C.A., Gerard, M.P., Correa, M. and Blikslager, A.T. (2011) An
analysis of factors associated with a prolonged duration of colic (344
horses). Proc. 10th Equine Colic Res. Symp. 10, 202.

Barankova, K., Wilderjans, H., Meulyzer, M., Boussauw, B. and Simon, O.
(2017) Results of a manual nonsurgical reduction technique to treat
strangulating indirect inguinal hernias in the horse and comparison of
outcome of a conservative versus a direct surgical approach: 105 cases.
Vet. Surg. 46, E2-E3.

Frangois, I, Lepage, O., Boswell, J., Schofield, W., Perez Olmos, J.F. and
Grulke, S. (2014) Acquired inguinal herniation in horses: a retrospective
multicenter study of 48 cases. Vet. Surg. 43, E167.

van der Velden, M.A. (1988) Surgical treatment of acquired inguinal
hernia in the horse: a review of 51 cases. Equine Vet. J. 20, 173-177.
Mezerovd, J., Zert, Z., Kabes, R. and Jahn, P. (2003) Hernia Inguinalis
Incarcerata beim Pferd: 43 falle. Pferdeheilkunde 19, 263-268.

Weaver, A.D. (1987) Acquired incarcerated inguinal hernia: a review of
13 horses. Can. Vet. J. 28, 195.

Schneider, RK., Milne, D.W. and Kohn, C.W. (1982) Acquired inguinal
hernia in the horse: a review of 27 cases. J. Am. Vet. Med. Ass. 180, 317.
Scheidemann, W. (1989) Beitrag zur Diagnostik und Therapie der Kolik
des Pferdes: Die Hernia Foraminis omentalis. DMV thesis, Muenchen.
Klohnen, A., Vachon, A.M. and Fischer, A.T. (1996) Use of
ultrasonography in horses with signs of acute abdominal pain. J. Am.
Vet. Med. Ass. 209, 1597-1601.

Ness, S.L., Bain, F.T., Zantingh, A.J., Gaughan, E.M., Story, M.R., Nydam,
D.V. and Divers, TJ. (2012) Ultrasonographic visualization of colonic
mesenteric vasculature as an indicator of large colon right dorsal
displacement or 180° volvulus (or both) in horses. Can. Vet. J. 563, 378-
382.

Grenager, N.S. and Durham, M.G. (2011) Ultrasonographic evidence of
colonic mesenteric vessels as an indicator of right dorsal displacement
of the large colon in 13 horses. Equine Vet. J. 43, Suppl. 39, 153-155.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

D. E. Freeman

Santschi, E.M., Slone, D.E. and Frank, W.M. (1993) Use of ultrasound in
horses for diagnosis of left dorsal displacement of the large colon and
monitoring its nonsurgical correction. Vet. Surg. 22, 281-284.

Sheats, M.K., Cook, V.L., Jones, S.L., Blikslager, A.T. and Pease, A.P.
(2010) Use of ultrasound to evaluate outcome following colic surgery for
equine large colon volvulus. Equine Vet. J. 42, 47-52.

Bernard, W.V., Reef, V.B., Reimer, J.M., Humber, K.A. and Orsini, J.A.
(1989) Ultrasonographic diagnosis of small-intestinal intussusception in
three foals. J. Am. Vet. Med. Ass. 194, 395-397.

Paulussen, E., Broux, B., van Bergen, T., Lefere, L., De Clercq, D. and van
Loon, G. (2018) Caecal intussusception in the horse: ultrasonographic
findings and survival to hospital discharge of 60 cases (2009-2013).
Equine Vet. Educ. 30, 241-246.

Nielsen, M.K., Donoghue, E.M., Stephens, M.L., Stowe, C.J., Donecker,
J.M. and Fenger, C.K. (2016) An ultrasonographic scoring method for
transabdominal monitoring of ascarid burdens in foals. Equine Vet. J. 48,
380-386.

Reef, V.B., Johnston, JK. Divers, T.J. and Acland, H. (1990)
Ultrasonographic findings in horses with cholelithiasis: eight cases (1985—
1987). J. Am. Vet. Med. Ass. 196, 1836-1840.

Pratt, S.M., Hassel, D.M., Drake, C. and Snyder, J.R. (2003) Clinical
characteristics of horses with gastrointestinal ruptures revealed during
initial diagnostic evaluation: 149 cases (1990-2002). Proc. Am. Ass.
Equine Practnrs. 42, 254-255.

Mitchell, C.F., Malone, E.D., Sage, A.M. and Niksich, K. (2005) Evaluation
of gastrointestinal activity patterns in healthy horses using B mode and
Doppler ultrasonography. Can. Vet. J. 46, 134-140.

Ruggles, A.J., Freeman, D.E., Acland, H.M. and FitzGimmons, M. (1993)
Changes in fluid composition on the serosal surface of jejunum and
small colon subjected to venous strangulation obstruction in ponies. Am.
J. Vet. Res. 54, 333-340.

Donawick, W.., Ramberg, C.F., Paul, S.R. and Hiza, M.A. (1975) The
diagnostic and prognostic value of lactate determinations in horses with
acute abdominal crisis. J. S. Afr. Vet. Ass. 46, 127.

Moore, J.N., Owen, R.R. and Lumsden, J.H. (1976) Clinical evaluation of
blood lactate levels in equine colic. Equine Vet. J. 8, 49-54.

Moore, J.N., Garner, H.E., Shapland, J.E. and Hatfield, D.G. (1980) Lactic
acidosis and arterial hypoxemia during sublethal endotoxemia in
conscious ponies. Am. J. Vet. Res. 41, 1696-1698.

Latson, K.M., Nieto, J.E., Beldomenico, P.M. and Snyder, J.R. (2005)
Evaluation of peritoneal fluid lactate as a marker of intestinal ischaemia
in equine colic. Equine Vet. J. 37, 342-346.

Saulez, M.N., Cebra, C.K. and Dailey, M. (2005) Comparative biochemical
analyses of venous blood and peritoneal fluid from horses with colic using
a portable analyser and an in-house analyser. Vet. Rec. 157, 217-223.
Delesalle, C., Dewulf, J., Lefebvre, R.A., Schuurkes, J.AJ., Proot, J.,
Lefere, L. and Deprez, P. (2007) Determination of lactate concentrations
in blood plasma and peritoneal fluid in horses with colic by an Accusport
analyzer. J. Vet. Intern. Med. 21, 293-301.

Magdesian, K.G., Fielding, C.L., Rhodes, D.M. and Ruby, R.E. (2006)
Changes in central venous pressure and blood lactate concentration in
response to acute blood loss in horses. J. Am. Vet. Med. Ass. 229, 1458-
1462.

Tennent-Brown, B. (2014) Blood lactate measurement and interpretation
in critically ill equine adults and neonates. Vet. Clin. N. Am. Equine Pract.
30, 399-413.

McCoy, A.M., Hackett, E.S., Wagner, A.E., Mama, K.R. and Hendrickson,
D.A. (2011) Pulmonary gas exchange and plasma lactate in horses with
gastrointestinal disease undergoing emergency exploratory laparotomy:
a comparison with an elective surgery horse population. Vet. Surg. 40,
601-609.

Embertson, R.M., Colahan, P.T., Brown, M.P., Peyton, L.C., Schneider,
R.K. and Granstedt, M.E. (1985) lleal impaction in the horse. J. Am. Vet.
Med. Ass. 186, 570-572.

Freeman, D.E. and Schaeffer, D.J. (2001) Age distribution of horses with
strangulation of the small intestine by a lipoma or in the epiploic
foramen: 46 cases (1994-2000). J. Am. Vet. Med. Ass. 219, 87-89.
Archer, D.C., Freeman, D.E.,, Doyle, AJ., Proudman, CJ. and Edwards,
G.B. (2004) Association between cribbing and entrapment of the small
intestine in the epiploic foramen in horses: 68 cases (1991-2002). J. Am.
Vet. Med. Ass. 224, 562-564.

Equine Veterinary Journal 50 (2018) 423-435 © 2018 EVJ Ltd



137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

. Freeman

Archer, D.C., Pinchbeck, G.L., French, N.P. and Proudman, C.J. (2008)
Risk factors for epiploic foramen entrapment colic in a UK horse
population: a prospective case-control study. Equine Vet. J. 40, 405-
410.

Archer, D.C., Pinchbeck, G.K., French, N.P. and Proudman, C.J. (2008)
Risk factors for epiploic foramen entrapment colic: an international
study. Equine Vet. J. 40, 224-230.

Ragle, C.A., Snyder, J.R., Meagher, D.M. and Honnas, C.M. (1992)
Surgical treatment of colic in American miniature horses: 15 cases
(1980-1987). J. Am. Vet. Med. Ass. 201, 329-331.

Pirie, R.S. and McGorum, B.C. (2016) Equine grass sickness: benefits of a
multifaceted research approach. Equine Vet. J. 48, 770-772.

Johnston, G.M., Eastment, J.K., Wood, J.L.N. and Taylor, P.M. (2002) The
confidential enquiry into perioperative equine fatalities (CEPEF): mortality
results of Phases 1 and 2. Vet Anaesth. Analg. 29, 159-170.

Senior, J.M. (2015) Barking up the wrong tree: would international
guidelines improve safety in equine anaesthesia? Equine Vet. J. 47,
14-15.

Dugdale, A.H.A. and Taylor, P.M. (2016) Equine anaesthesia-associated
mortality: where are we now? Vet. Anesth. Analg. 43, 242-255.

Mitchell, B. (1969) Equine anaesthesia: an assessment of techniques
used in clinical practice. Equine Vet. J. 1, 261-275.

Tevik, A. (1983) The role of anesthesia in surgical mortality in horses.
Nord. Vet. Med. 35, 175-179.

Young, S.5. and Taylor, P.M. (1993) Factors influencing the outcome
of equine anaesthesia: a review of 1314 cases. Equine Vet. J. 25, 147-
151.

Johnston, G.M., Taylor, P.M., Homes, M.A. and Wood, J.L. (1995)
Confidential enquiry of perioperative equine fatalities (CEPEF-1):
preliminary results. Equine Vet. J. 27, 193-200.

Johnston, G.M. (1992) Perioperative equine fatalities (CEPEF). Equine Vet.
Educ. 5, 223-226.

Johnston, G.M., Eastment, J.K., Taylor, P.M. and Wood, J.L. (2004) Is
isoflurane safer than halothane in equine anaesthesia? Results from a
prospective multicentre randomized controlled trial. Equine Vet. J. 36,
64-71.

Mee, A.M., Cripps, P.J. and Jones, R.S. (1998) A retrospective study of
mortality associated with general anaesthesia in horses: elective
procedures. Vet. Rec. 142, 275-276.

Mee, A.M., Cripps, P.J. and Jones, R.S. (1998) A retrospective study of
mortality associated with general anaesthesia in horses: emergency
procedures. Vet. Rec. 142, 307-309.

Bidwell, L.A., Bramlage, L.R. and Rood, W.A. (2007) Equine perioperative
fatalities associated with general anaesthesia at a private practice — a
retrospective case series. Vet Anaesth. Analg. 34, 23-30.

Dugdale, A.H., Langford, J., Senior, J.M. and Proudman, C.J. (2007) The
effect of inotropic and/or vasopressor support on postoperative survival
following equine colic surgery. Vet Anaesth. Analg. 34, 82-88.

Benson, G.J., Thurmon, J.C. and Hartsfield, S.M. (1976) Physiological
effects of succinylcholine in the anesthetized and mechanically ventilated
horse. Proc. Am. Ass. Equine Practnrs 22, 347-357.

Doherty, T. and Frazier, D. (1998) Effect of lidocaine on halothane
minimum alveolar concentration in ponies. Equine Vet. J. 30, 300-303.
Valverde, A. (2013) Balanced anesthesia and constant-rate infusions in
horses. Vet. Clin. Equine 29, 89-122.

Mosing, M. and Senior, J.M. (2018) Maintenance of equine anaesthesia
over the last 50 years: controlled inhalation of volatile anaesthetics and
pulmonary ventilation. Equine Vet. J. 50, 282-291.

White, N.A. and Lessard, P. (1986) Risk factors and clinical signs
associated with cases of equine colic. Proc. Am. Ass. Equine Practnrs.
23, 637-643.

Bartmann, C.-P., Freeman, D.E., Glitz, F., Oppen, T.V., Lorber, KJ,
Bubeck, K., Klug, E. and Deegen, E. (2002) Diagnosis and surgical
management of colic in the foal: literature review and a retrospective
study. Clin. Tech. Equine Prac. 1, 125-142.

Cable, C.S., Fubini, S.L., Erb, H.N. and Hakes, J.E. (1997) Abdominal
surgery in foals: a review of 199 cases (1977-1994). Equine Vet. J. 29,
257-261.

Abutarbush, S.M., Carmalt, J.L. and Shoemaker, R.W. (2005) Causes of
gastrointestinal colic in horses in western Canada: 604 cases (1992 to
2002). Can. Vet. J. 46, 800-805.

Equine Veterinary Journal 50 (2018) 423-435 © 2018 EVJ Ltd

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

Colic surgery, survival and complications

Gazzerro, D.M., Southwood, L.L. and Lindborg, S. (2015) Short-term
complications after colic surgery in geriatric versus mature non-geriatric
horses. Vet. Surg. 44, 256-264.

Rothenbuhler, R., Hawkins, J.F., Adams, S.B., Lescun, T.B., Well, AB.,
Glickman, L.T., Fessler, J.F. and Glickman, N.G. (2006) Evaluation of
surgical treatment for signs of acute abdominal pain in draft horses: 72
cases (1983-2002). J. Am. Vet. Med. Ass. 228, 1546.

Roussel, A.J., Cohen, N.D., Hooper, R.N. and Rakestraw, P.C. (2001) Risk
factors associated with development of postoperative ileus in horses. J.
Am. Vet. Med. Ass. 219, 72-78.

Cohen, N.D., Lester, G.D., Sanchez, L.C., Merritt, A.M. and Roussel, A.J.
(2004) Evaluation of risk factors associated with development of
postoperative ileus in horses. J. Am. Vet. Med. Ass. 225, 1070-1078.
Torfs, S., Delesalle, C., Dewulf, J., Devisscher, L. and Deprez, P. (2009)
Risk factors for equine postoperative ileus and effectiveness of
prophylactic lidocaine. J. Vet. Intern. Med. 23, 606-611.

Kilcoyne, 1., Dechant, J.E., Spier, S.J., Spriet, M. and Nieto, J.E. (2017)
Clinical findings and management of 153 horses with large colon sand
accumulations. Vet. Surg. 46, 860-867.

Milne, D.W., Tarr, M.J., Lochner, F.K., McAllister, E.S., Muir, W.W. and
Skarda, R.T. (1977) Left dorsal displacement of the colon in the horse. J.
Equine Med. Surg. 1, 47-52.

Huskamp, B. and Kopf, N. (1983) Right dorsal displacement of the large
colon in the horse. Equine Pract. 5, 20-29.

Wormstrand, B.H., Ihler, C.F.,, Diesen, R. and Krontveit, R.I. (2014)
Surgical treatment of equine colic - a retrospective study of 297
surgeries in Norway 2005-2011. Acta Vet. Scand. 56, 38. https://doi.org/
10.1186/1751-0147-56-38.

Blikslager, A.T. and Mair, T.S. (2014) Trends in management of horses
referred for evaluation of colic: 2004-2013. Proc. 11th Int. Colic Res.
Symp. 11, 147.

Kersjes, A.W., Bras, G.E., Nemeth, F., van der Velden, M.A. and Firth,
E.C. (1988) Results of operative treatment of equine colic with special
reference to surgery of the ileum. Vet Quart. 10, 17-25.

Mendez-Angulo, J.L., Ernst, N.S. and Mudge, M.C. (2010) Clinical
assessment and outcome of a single-layer technique for anastomosis of
the small intestine in horses. Vet. Rec. 167, 652-655.

Pankowski, R.L. (1987) Small intestinal surgery in the horse: a review of
ileo and jejunocecostomy. J. Am. Vet. Med. Ass. 190, 1608.

Proudman, C.J., Edwards, G.B. and Barnes, J. (2007) Differential survival
in horses requiring end-to-end jejunojejunal anastomosis compared to
those requiring side-to-side jejunocaecal anastomosis. Equine Vet. J. 39,
181-185.

Mathis, S.C., Slone, D.E., Lynch, T.M., Hughes, F.E. and Clark, C.K. (2006)
Use of colonic luminal pressure to predict outcome after surgical
treatment of strangulating large colon volvulus in horses. Vet. Surg. 35,
356-360.

Gonzalez, L.M., Fogle, C.A., Baker, W.T., Hughes, F.E., Law, JM,
Motsinger-Reif, A.A. and Blikslager, A.T. (2015) Operative factors
associated with short-term outcome in horses with large colon volvulus:
47 cases from 2006 to 2013. Equine Vet. J. 47, 279-284.

Driscoll, N., Baia, P., Fischer, A.T., Brauer, T. and Klohnen, A. (2008)
Large colon resection and anastomosis in horses: 52 cases (1996-2006).
Equine Vet. J. 40, 342-347.

Mair, T.S. and Smith, L.J. (2005) Survival and complication rates in 300
horses undergoing surgical treatment of colic. Part 2: shortterm
complications. Equine Vet. J. 37, 303-309.

Salem, S.E., Proudman, C.J. and Archer, D.C. (2016) Prevention of post
operative complications following surgical treatment of equine colic:
current evidence. Equine Vet. J. 48, 143-151.

Freeman, D. (2017) Post-operative reflux — a surgeon’s perspective.
Equine Vet. Educ. Epub ahead of print; https://doi.org/10.1111/eve.12735.
Blikslager, A.T., Bowman, K.F., Levine, J.F., Bristol, D.G. and Roberts,
M.C. (1994) Evaluation of factors associated with postoperative ileus in
horses: 31 cases (1990-1992). J. Am. Vet. Med. Ass. 205, 1748-1752.
Boeckxstaens, G.E. and de Jonge, W.J. (2009) Neuroimmune mechanisms
in postoperative ileus. Gut 58, 1300-1311.

Bauck, A, Easley, J.T., Cleary, 0.B., Graham, A.S., Morton, A.J., Rotting,
AK., Schaeffer, D.J., Smith, A.D. and Freeman, D.E. (2017) Response to
early repeat celiotomy in horses after a first surgery for jejunal
strangulation. Vet. Surg. 46, 843-850.

433


https://doi.org/10.1186/1751-0147-56-38
https://doi.org/10.1186/1751-0147-56-38
https://doi.org/10.1111/eve.12735

Colic surgery, survival and complications

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

205.

206.

207.

434

Suthers, J.M., Pinchbeck, G.L., Proudman, C.J. and Archer, D.C. (2013)
Survival of horses following strangulating large colon volvulus. Equine
Vet. J. 45, 219-223.

Mueller, P.O.E. (2002) Advances in prevention and treatment of intra-
abdominal adhesions in horses. Clin. Tech. Equine Pract. 1, 163-173.
Kuebelbeck, K.L., Slone, D.E. and May, K.A. (1998) Effect of omentectomy
on adhesion formation in horses. Vet. Surg. 27, 132-137.

Baxter, G.M., Broome, T.E. and Moore, J.N. (1989) Abdominal adhesions
after small intestinal surgery in the horse. Vet. Surg. 18, 409-414.
Eggleston, R.B., Mueller, P.O.E., Quandt, J.E., Neuwirth, L., Harmon, B.G.,
Waguespack, W.R. and Rainbow, M.E. (2001) Use of a hyaluronate
membrane for jejunal anastomosis in horses. Am. J. Vet. Res. 62, 1314-
1319.

Eggleston, R.B. and Mueller, P.O.E. (2003) Prevention and treatment of
gastrointestinal adhesions. Vet. Clin. Equine 19, 741-763.

Eggleston, R.B., Mueller, P.O., Parviainen, A.K. and Groover, E.S. (2004)
Effect of carboxymethylcellulose and hyaluronate solutions on jejunal
healing in horses. Am. J. Vet. Res. 65, 637-643.

Mueller, P.O., Harmon, B.G., Hay, W.P. and Amoroso, L.M. (2000) Effect
of carboxymethylcellulose and a hyaluronate-carboxymethylicellulose
membrane on healing of intestinal anastomoses in horses. Am. J. Vet.
Res. 61, 369-374.

Mueller, P.O., Hay, W.P., Harmon, B. and Amoroso, L. (2000) Evaluation
of a bioresorbable hyaluronate-carboxymethylcellulose membrane for
prevention of experimentally induced abdominal adhesions in horses.
Vet. Surg. 29, 48-53.

Hay, W.P., Mueller, P.O., Harmon, B. and Amoroso, L. (2001) One
percent sodium carboxymethylcellulose prevents experimentally induced
abdominal adhesions in horses. Vet. Surg. 30, 223-227.

Munsterman, A.S., Kottwitz, J.J. and Hanson, R.R. (2016) Meta-analysis of
the effects of adhesion barriers on adhesion formation in the horse. Vet.
Surg. 45, 587-595.

ten Broek, R.P., Stommel, M.W., Strik, C., van Laarhoven, C.J., Keus, F. and
van Goor, H. (2014) Benefits and harms of adhesion barriers for abdominal
surgery: a systematic review and meta-analysis. Lancet 48, 383.
Aristizabal, F.A., Lopes, M.A., Silva, A., Avanza, M.F. and Nieto, J.E.
(2014) Evaluation of the effect of onlay mesenteric flaps on end-to-end
jejunojejunostomy healing in horses. Vet. Surg. 43, 479-486.

Gandini, M. and Giusto, G. (2016) Clinical evaluation of a jejunojejunal
end-to-end anastomosis with skin staples with or without coverage by a
mesenteric flap. Equine Vet. Educ. 28, 181-183.

Freeman, D.E. (2016) Skin staples for end-to-end anastomosis with
mesenteric onlay flap in horses. Equine Vet. Educ. 28, 184-185.

Morello, S., Southwood, L.L., Engiles, J., Slack, J., Crack, A. and Springate,
C.M. (2012) Effect of intraperitoneal PERIDAN™ concentrate adhesion
reduction device on clinical findings, infection, and tissue healing in an
adult horse jejunojejunostomy model. Vet. Surg. 41, 568-581.

Parker, J.E., Fubini, S.L., Car, B.D. and Erb, H.N. (1987) Prevention of
intraabdominal adhesions in ponies by low-dose heparin therapy. Vet.
Surg. 16, 459-462.

Sullins, K.E., White, N.A., Lundin, C.S., Dabareiner, R. and Gaulin, G.
(2004) Prevention of ischaemia-induced small intestinal adhesions in
foals. Equine Vet. J. 36, 370-375.

Hague, B.A., Honnas, C.M., Berridge, B.R. and Easter, J.L. (1998)
Evaluation of postoperative peritoneal lavage in standing horses for
prevention of experimentally induced abdominal adhesions. Vet. Surg.
27, 122-126.

. Malone, E., Ensink, J., Turner, T., Wilson, J., Andrews, F., Keegan, K. and

Lumsden, J. (2006) Intravenous continuous infusion of lidocaine for
treatment of equine ileus. Vet. Surg. 35, 60-66.

Kelmer, G. (2009) Update on treatments for endotoxemia. Vet. Clin.
Equine 25, 259-270.

Dabareiner, R.M., White, N.A., Snyder, J.R., Feldman, B.F. and Donaldson,
L.L. (2005) Effects of Carolina rinse solution, dimethyl sulfoxide, and the
21-aminosteroid, U-74389G, on microvascular permeability and
morphology of the equine jejunum after low-flow ischemia and
reperfusion. Am. J. Vet. Res. 66, 525-536.

Bates, A., Whiting, M. and Witte, T.H. (2014) The changing costs of
hospital treatment for colic: a preliminary audit. In: Proceedings British
Equine Veterinary Association Congress 2014, Equine Veterinary Journal
Ltd, Fordham. pp 271.

208.

209.

210.

212.

213.

214.

215.

216.

217.

218.

219.

220.

222.

223.

224.

225.

226.

228.

D. E. Freeman

Lefebvre, D., Pirie, R.S., Handel, I.G., Tremaine, W.H. and Hudson, N.P.H.
(2016) Clinical features and management of equine postoperative ileus
(POI): survey of diplomates of the European Colleges of Equine Internal
Medicine (ECEIM) and Veterinary Surgeons (ECVS). Equine Vet. J. 48, 182-
187.

Lefebvre, D., Hudson, N.P., Elce, Y.A. Blikslager, A., Divers, T.J.,
Handel, I.G., Tremaine, W.H. and Pirie, R.S. (2016) Clinical features and
management of equine postoperative ileus (POI): survey of diplomates
of the American Colleges of Veterinary Internal Medicine (ACVIM),
Veterinary Surgeons (ACVS) and Veterinary Emergency and Critical
Care (ACVECC). Equine Vet. J. 48, 714-719.

Milligan, M., Beard, W., Kukanich, B., Sobering, T. and Waxman, S. (2007)
The effect of lidocaine on postoperative jejunal motility in normal
horses. Vet. Surg. 36, 214-220.

. Rusiecki, K.E., Nieto, J.E., Puchalski, S.M. and Snyder, JR. (2008)

Evaluation of continuous infusion of lidocaine on gastrointestinal tract
function in normal horses. Vet. Surg. 37, 564-570.

Cook, V.L., Jones Shults, J.,, McDowell, M.R., Campbell, N.B., Davis, J.L.,
Marshall, J.F. and Blikslager, A.T. (2009) Anti-inflammatory effects of
intravenously administered lidocaine hydrochloride on ischemia-injured
jejunum in horses. Am. J. Vet. Res. 70, 1259-1268.

Bauck, A.G., Grosche, A., Morton, A.J., Graham, A.S., Vickroy, T.W. and
Freeman, D.E. (2017) Effect of lidocaine on inflammation in equine
jejunum subjected to manipulation only and remote to intestinal
segments subjected to ischemia. Am. J. Vet. Res. 78, 977-989.

Cook, V.L., Jones Shults, J., McDowell, M.R., Campbell, N.B., Davis, J.L.
and Blikslager, A.T. (2008) Attenuation of ischaemic injury in the equine
jejunum by administration of systemic lidocaine. Equine Vet. J. 40, 353-
357.

Dart, AJ., Peauroi, J.R., Hodgson, D.R. and Pascoe, J.R. (1996) Efficacy of
metoclopramide for treatment of ileus in horses following small intestinal
surgery: 70 cases (1989-1992). Aust. Vet. J. 74, 280-284.

Houdeshell, J.W. and Hennessey, P.W. (1977) A new nonsteroidal, anti-
inflammatory analgesic for horses. J. Equine Med. Surg. 1, 57-59.

Moore, J.N., Hardee, M.M. and Hardee, G.E. (1986) Modulation of
arachidonic acid metabolism in endotoxic horses: comparison of flunixin
meglumine, phenylbutazone, and a selective thromboxane synthetase
inhibitor. Am. J. Vet. Res. 47, 110-113.

Marshall, J.F. and Blikslager, A.T. (2011) The effect of nonsteroidal anti-
inflammatory drugs on the equine intestine. Equine Vet. J. 43, Suppl. 39,
140-144.

Matyjaszek, S.A., Morton, A.J., Freeman, D.E., Grosche, A., Polyak, M.M.
and Kuck, H. (2009) Effects of flunixin meglumine on recovery of equine
colonic mucosa from ischemia. Am. J. Vet. Res. 70, 236-246.

Reisinger, K.W., Schellekens, D.H., Bosmans, J.W., Boonen, B., Hulsewé,
K.W., Sastrowijoto, P., Derikx, J.P., Grootjans, J. and Poeze, M. (2017)
Cyclooxygenase-2 is essential for colorectal anastomotic healing. Ann.
Surg. 265, 547-554.

. Bratzler, D.W. and Houck, P.M. (2004) Antimicrobial prophylaxis for

surgery: an advisory statement from the national surgical infection
prevention project. Clin. Infect. Dis. 38, 1706-1715.

Durward-Akhurst, S.A., Mair, T.S., Boston, R. and Dunkel, B. (2012) A
comparison of two antimicrobial regimens on the prevalence of
incisional infections after colic surgery. Vet. Rec. 172, 287. https://doi.
org/10.1136/vr.101186.

Hackett, E.S. and Hassel, D.M. (2009) Colic: nonsurgical complications.
Vet. Clin. Equine 24, 535-555.

Van Eps, AW. and Orsini, J.A. (2016) A comparison of seven methods
for continuous therapeutic cooling of the equine digit. Equine Vet. J. 48,
120-124.

van Eps, AW. Pollitt, C.C., Underwood, C., Medina-Torres, C.E.,
Goodwin, W.A. and Belknap, J.K. (2014) Continuous digital hypothermia
initiated after the onset of lameness prevents lamellar failure in the
oligofructose laminitis model. Equine Vet. J. 46, 625-630.

Freeman, D.E. and Grosche, A. (2012) Ischemia in equine intestine —
mechanisms of injury and methods of repair. Pferdeheilkunde 28, 366-387.

. Merritt, A.M. (2003) The equine stomach: a personal perspective (1963—

2003). Proc. Am. Ass. Equine Pract. 49, 75-102.

Dukti, S.A., Perkins, S., Murphy, J., Barr, B., Boston, R., Southwood, L.L.
and Bernard, W. (2006) Prevalence of gastric squamous ulceration in
horses with abdominal pain. Equine Vet. J. 38, 347-349.

Equine Veterinary Journal 50 (2018) 423-435 © 2018 EVJ Ltd


https://doi.org/10.1136/vr.101186
https://doi.org/10.1136/vr.101186

229.

230.

231.

232.

233.

234.

236.

. Freeman Colic surgery, survival and complications
Mogg, T.D. and Palmer, J.E. (1995) Hyperlipidemia, hyperlipemia, and 237. Hallowell, G.D. and Corley, K.T. (2006) Preoperative administration of
hepatic lipidosis in American miniature horses: 23 cases (1990-1994). J. hydroxyethyl starch or hypertonic saline to horses with colic. J. Vet
Am. Vet. Med. Ass. 207, 604-607. Intern. Med. 20, 980-986.

Muir, W.M. (2010) Pain: mechanisms and management in horses. Vet. 238. Dugdale, A.H., Barron, K.E., Miller, AJ. and Proudman, C.J. (2015) Effects
Clin. Equine 26, 467-480. of preoperative administration of hypertonic saline or pentastarch
Donawick, W.. and Alexander, J.T. (1971) Laboratory and clinical solution on hematologic variables and long-term survival of surgically
determinations in the management of the horse with intestinal managed horses with colic. J. Am. Vet. Med. Ass. 246, 1104-1111.
obstruction. Proc. Am. Ass. Equine Pract. 16, 343-348. 239. Boesch, J.M. (2013) Anesthesia for the horse with colic. Vet. Clin. N. Am.
Muir, W.W., Ueyama, Y., Noel-Morgan, J., Kilborne, A. and Page, J. (2017) Equine Pract. 29, 193-214.

A systematic review of the quality of IV fluid therapy in veterinary 240. Marik, P.E. and Lemson, J. (2014) Fluid responsiveness: an evolution of
medicine. Front. Vet. Sci. 4, 127. https://doi.org/10.3389/fvets.2017. our understanding. Br. J. Anaesth. 112, 617-620.

00127. 241. Shih, A. (2013) Cardiac output monitoring in horses. Vet. Clin. N. Am.
Brandstrup, B., Tennesen, H., Beier-Holgersen, R., Hjortsg, E., @rding, Equine Pract. 29, 155-167.

H., Lindorff-Larsen, K., Rasmussen, M.S., Lanng, C., Wallin, L., Iversen, 242. Peloso, J.G., Cohen, N.D., Taylor, T.S. and Gayle, J.M. (1996) When to
L.H., Gramkow, C.S., Okholm, M. Blemmer, T. Svendsen, P.E., send a horse with signs of colic: is it surgical, or is it referable? A survey
Rottensten, H.H., Thage, B., Riis, J., Jeppesen, |.S., Teilum, D., of the opinions of 117 equine veterinary specialists. Proc. Am. Ass.
Christensen, A.M., Graungaard, B. and Pott, F.; Danish Study Group on Equine Pract. 42, 250-253.

Perioperative  Fluid Therapy. (2003) Effects of intravenous fluid 243. Nanavati, AJ. and Prabhakar, S. (2014) Fasttrack surgery: toward
restriction on postoperative complications: comparison of two comprehensive peri-operative care. Anesth. Essays and Res. 8, 127-133.
perioperative fluid regimens: a randomized assessor-blinded multicenter 244. Warren, J., Bhalla, V. and Cresci, G. (2011) Postoperative diet
trial. Ann. Surg. 238, 641-648. advancement: surgical dogma vs evidence-based medicine. Nutr. Clin.
Raftery, A.G., Morgan, R.A. and MacFarlane, P.D. (2016) Perioperative Pract. 26, 115-125.

trends in plasma colloid osmotic pressure in horses undergoing surgery. 245. Tadano, S., Terashima, H., Fukuzawa, J., Matsuo, R., lkeda, O. and

J. Vet. Emerg. Crit. Care (San Antonio) 26, 93-100. Ohkohchi, N. (2011) Early postoperative oral intake accelerates upper

. Shah, SK., Moore-Olufemi, S.D., Uray, K.S., Jimenez, F., Walker, P.A,, gastrointestinal anastomotic healing in the rat model. J. Surg. Res. 169,
Xue, H., Stewart, R.H., Laine, G.A. and Cox, C.S. (2010) A murine model 202-208.
for the study of edema induced intestinal contractile dysfunction. 246. Mair, T. (2009) Clinical governance, clinical audit, and the potential value of a
Neurogastroenterol. Motil. 22, 1132-e290. database of equine colicsurgery. Vet. Clin. N. Am. Equine Pract. 25, 193-198.
Pantaleon, L.G., Furr, M.O., McKenzie, H.C. and Donaldson, L. (2006) 247. Van den Boom, R. Butler, C.M. and Sloet van Oldruitenborgh-
Cardiovascular and pulmonary effects of hetastarch plus hypertonic Oosterbaan, M.M. (2010) The usability of peritoneal lactate concentration
saline solutions during experimental endotoxemia in anesthetized as a prognostic marker in horses with severe colic admitted to a
horses. J. Vet. Intern. Med. 20, 1422-1428. veterinary teaching hospital. Equine Vet. Educ. 22, 420-425.

N EW THE EQUINE

ACUTE ABDOMEN

The Equine Acute Abdomen
Third edition

Edited by Anthony T. Blikslager, Nathaniel A. White,
James Moore and Tim S. Mair

Publisher: Wiley-Blackwell, October 2017 ® Hardback, 904 pages

Written and edited by leading experts on equine digestive diseases,
The Equine Acute Abdomen, 3rd Edition is the pre-eminent text on
diagnosing and treating acute abdominal diseases in horses, donkeys,
and mules.
* The definitive guide to acute abdominal disorders in equine .
patients, fully Spdated and revised to reflect the Iatestq BEVA Member: £147.42
developments in the field RRP: £182.00
e |llustrated with more than 450 colour illustrations,
photographs, line drawings and figures
¢ A companion website features video clips and images from the book available for download
e Provides an invaluable resource to equine surgery and internal medicine specialists, researchers,
practitioners, and students who deal with colic

AnthonyT. Blikslager, DVM, PHD, DACVS, Professor of Equine Surgery and Gastroenterology, College of Veterinary Medicine,
North Carolina State University, USA.

Nathaniel A. White I, DVM, MS, DACVS, Professor Emeritus of Equine Surgery, Marion duPont Scott Equine Medical Center, Virginia-
Maryland College of Veterinary Medicine, USA.

James N. Moore, DVM, PHD, DACVS, Josiah Meigs Distinguished Teaching Professor and Director, College of Veterinary Medicine,
University of Georgia, USA.

Tim S. Mair, BVSc, PHD, DEIM, DESTS, DECEIM, Assoc. ECVDI, FRCVS, Director, Bell Equine Veterinary Clinic, Maidstone, UK.

www.beva.org.uk ¢ 01638 723555 * bookshop@evj.co.uk

Equine Veterinary Journal 50 (2018) 423-435 © 2018 EVJ Ltd 435


https://doi.org/10.3389/fvets.2017.00127
https://doi.org/10.3389/fvets.2017.00127

