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Abstract

Background: This study aimed to describe the presentation and outcomes of horses with

signs of colic (abdominal pain) seen ‘out-of-hours’ in equine practice.

Methods: This was a retrospective study of horses seen ‘out-of-hours’ with colic by two
equine veterinary practices between 2011-2013. Case outcomes were categorised as
‘critical’ or ‘not critical’. A critical outcome was defined as requiring medical or surgical
hospital treatment, or resulting in euthanasia or death. A non-critical outcome was defined
as resolving with simple medical treatment. A hierarchical generalised linear model was
used to identify ‘red flag’ parameters (aspects of signalment, history and presenting clinical

signs) associated with critical outcomes.
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Results: Data were retrieved from 941 cases that presented with colic; 23.9% (n=225/941)
were critical. Variables significantly associated with the likelihood of a critical outcome in the
final multivariable mode were: increased heart rate (p<0.001), age of the horse (p=0.013)
and abnormal mucous membrane colour (p<0.001). Overall 18% of cases (n=168/941) were

euthanased.

Conclusions: This study highlights the mortality associated with colic. The ‘red flag’
parameters identified should be considered an essential component of the primary

assessment of horses with colic.
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Introduction

Colic (clinical signs of abdominal pain) is the most common reason for emergency call outs
for veterinary surgeons. It accounts for over a third of the cases seen ‘out-of-hours’ in
equine veterinary practice (1). Clinical signs of colic are frequently resolved with simple
medical management and analgesia (2-6). However, a proportion of equine colic cases are
critical, with a more complex or severe underlying pathological process. Prognosis of critical
cases of equine colic is influenced by early, accurate diagnosis as the duration and degree of
pathology are negatively correlated with a successful outcome (7-9). The majority of current
studies on colic are based within referral centres, and there are limited data about the
primary assessment of colic (2-4). A recent study collected data from a large number of
practices across the UK, however one of the study limitations was the potential for selection
bias by participating practitioners (5). It reported that 19% of cases (n=195/1016) were
critical (required hospitalisation for medical or surgical treatment, euthanasia or died), and
84% of these critical cases were euthanased or died (n=164/195); this was a higher

proportion than had been reported previously (2-4). This study also identified clinical



changes present on the primary assessment by the veterinary surgeon which were
significantly associated with critical cases (5), but further studies are needed to compare and

validate these findings.

The aim of this study was to describe the primary assessment, treatment and outcomes of
horses with colic (abdominal pain) that presented ‘out-of-hours’ in first opinion equine

practice.
The objectives of the study were:

e To describe the history, signalment and physical examination findings of horses
presented for primary (first opinion) assessment of colic ‘out-of-hours’ at two equine

veterinary practices in the United Kingdom.

e To categorise the different types of colic occurring in horses presented for primary

assessment ‘out-of-hours’ at two equine veterinary practices.

e To document the diagnostic approach, treatments administered and outcomes for

horses presented for primary assessment of colic ‘out-of-hours’.

e Todetermine the ‘red flag’ parameters (aspects of the initial clinical assessment) that
can be used to differentiate critical and non-critical outcomes for cases presenting

‘out-of-hours’ with colic.

Methods

Study design and data collection: The study was a retrospective case series of horses seen as
emergency visits ‘out-of-hours’ at two equine veterinary practices over three years (1%
January 2011-31% December 2013). ‘Out-of-hours’ was defined as horses attended by
veterinary surgeons outside of normal working hours. Cases of colic seen as emergencies
within normal working hours were not included, as these could not be reliably identified

within the practice records. The study design and data collection methods have been



previously described (1). The sample population for this study was the subset of horses
attended for primary assessment ‘out-of-hours’ with colic. Colic was defined as ‘any
incidence of abdominal pain as assessed by the veterinary surgeon in attendance’, and seven
days without signs of colic was required for a case to be considered unrelated to a previous
episode.

The inclusion criteria for horses were a recorded case history with at least one of the

following:

e apresenting complaint of colic (clinical signs of abdominal pain)
e adefinitive diagnosis of colic (all underlying pathologies)

e clinical signs of abdominal pain noted on presentation/clinical examination

Cases were excluded if a non-gastrointestinal cause of abdominal pain was identified, or if

the final outcome could not be determined.

Colic cases were identified for both practices and the data were pooled in Microsoft Excel
(2013). The rationale for pooling the data was due to the similarities identified in the analysis
of the dataset as a whole (1): there were no significant differences identified between the
data from the different practices. Cases were categorised by year and month to allow for
analysis of seasonality, although dates of visits were not included. Case outcomes within the
pooled colic dataset were subject to binary retrospective classification of ‘critical’ or ‘not
critical’. Critical outcomes were defined as cases which were fatal (death or euthanasia), or
required critical care for resolution of the condition (hospitalisation for intensive medical
treatment or surgery). Conversely, ‘non-critical’ cases outcomes had clinical signs of
abdominal pain which resolved with simple medical treatment and no requirement for

referral or hospitalisation (5).

The data were subject to descriptive statistical analysis: analysis of continuous variables
included mean, mode, median and range, whilst percentage frequencies were calculated for
all categorical data. Data were then entered into a statistical software package (SPSS
Statistics Version 24, IBM Corporation, 2012) for further analysis. Individual variables,

including biologically plausible interaction terms, were evaluated for effect on a “critical”



outcome with those showing evidence of association (p<0.2) used for build a multivariable
model using a simple univariable binary logistic regression on pooled data from both
practices. Data were further analysed using a generalised linear model which allowed for
hierarchical modelling to assess the effects of predictive variables by practice. This was
performed using a manual forwards stepwise process with individual assessment of the log
likelihood parameter as well as Akaike Information Criterion (AIC) was used to assess
goodness of fit. Variables were retained if there was a significant likelihood ratio test-
statistic (p<0.05) between iterations. A Wald Chi-Square test was used to reflect the overall

effect of each parameter on the final model.

Results
Study population.

During the period from 1st January 2011 to 31st December 2013 inclusive, 941 horses had
primary evaluations for abdominal pain outside of normal working hours (628 cases from
Practice 1, 313 cases from Practice 2). The mean age of horses was 14 years (SD + 8.4, range
three months to 44 years). Gender was recorded in 86% (n=806/941) of case records, and
the study population consisted of 54% (n=436/806) geldings, 42% (n=340/806) mares/fillies
and 4% (n=30/806) stallions/colts. There were 66 breeds/types of horse described, which

were categorised into eight main breed types (Supplementary Item 1).

Clinical history and presentation, diagnostic tests and treatments administered.

Of the colic case population, 13% (n=126/941) had a history of at least one episode of colic
in the 12 months preceding the ‘out-of-hours’ examination. The majority (76%, n=712/941)
of cases had no definitive diagnosis recorded; 87% (n=619/712) of these responded to

medical treatment. In cases where there was a definitive diagnosis (24%, n=227/941), there

were 31 different problems/lesions described as causing the abdominal pain (Figure 1). The



most commonly diagnosed problems were spasmodic colic (30%, n=67/227), pelvic flexure
impaction (18%, n=40/227), small intestinal strangulation (12%, n=27/227), and right dorsal
displacement of the large colon (7%, n=16/227). There was no obvious seasonality of colic

cases, with no consistent trends.

A change of demeanour was recorded in 32% (n=299/941) of the case records, which was
most commonly noted as restless and agitated (38%, n=113/299), or dull and depressed

behaviour (29%, n=88/299) which was considered abnormal for the individual animal.

The heart rate was recorded in 96% (n=900/941) of cases, of which 43% (n=387/900) had
tachycardia (Figure 2). Respiratory rate was recorded for 64% (n=601/941) of cases, with
57% (n=341/601) reported as having an elevated respiratory rate on initial clinical
examination (Figure 3). Rectal temperature was recorded in 56% of clinical records
(n=523/941), with 9% (n=46/523) considered pyrexic. ‘Normal’ ranges used in the analysis
were either determined by the values referenced by the attending veterinary surgeons, or
defined as heart rates 28-44 beats per minute, respiratory rates 8-16 breath per minute, and
rectal temperatures of 37.3-38.3°C (consistent with the values used by the practices). Where
recorded, mucous membranes were an abnormal colour in 24% (115/482) of cases,
described as pale (61%, 70/115), congested (14%, 16/115), or toxic (13%, 15/115), whilst
capillary refill time was prolonged (> 2 seconds) in 8% (n=26/341) of cases. Details of
abdominal auscultation findings were recorded in 91% (n=858/941)of cases . Normal
borborygmi were present in 16% (n=139/858) of these cases, 32% (n=273/858) had
hypermotile or increased borborygmi and 36% (n=306/858) had hypomotile or reduced
borborygmi. Borborygmi were absent in at least 1 abdominal quadrant in 11% (n=96/858) of
cases and the clinical notes of the remaining 5% (n=44/858) of cases contained information

relating to acoustic details rather than motility.

The common diagnostic procedures recorded as performed at the primary assessment

included rectal examination (73%; n=685/941), nasogastric intubation (22%; n=204/941),
blood sampling (5%; n=51/941) and abdominal paracentesis (5%; n=48/941). Treatments
were recorded in 94% (n=887/941) of cases. The most common treatment was analgesic

drug administration, given in 92% (n=861/941) of cases. Spasmolytic drugs containing



hyoscine either alone or combination (Buscopan-20 or Buscopan Compositum) were used in
71% (n=663/941) of horses with colic. It was not possible in the retrospective analysis to
accurately determine what percentages of each drug were administered. Oral fluids were
given in 11% (n=107/941) of cases; most frequently this was a water and electrolyte
combination (76%, n=81/107). The most common treatments (Supplementary Item 2)
included administration of a nonsteroidal anti-inflammatory agent (NSAID) and spasmolytic

agent concurrently (64%, n=571/887) or an NSAID alone (18%, n=159/887).

Case outcomes.

The majority (62%, n=583/941) of equine patients attended ‘out-of-hours’ required a single
treatment for resolution of the condition, whilst a further 18% (n=174/941) needed multiple
treatments. Of the study population, 5% (n=45/941) of animals were hospitalised for
intensive care / treatment. It was recorded that abdominal surgery was recommended in 7%
(n=65/941) of cases and was performed in 4% (n=41/941). Euthanasia was performed prior
to any treatment in 4% (n=33/941) of cases. A total of 19% of the animals did not survive the
episode of colic; 18% (n=168/941) were euthanased and 0.7% (n=7/941) died. The
remainder of the horses within the study either had no obvious outcome in their case record

(0.7%, n=7/941), or the colic resolved without veterinary treatment (0.2%, n=2/941).

The inclusion criteria for a critical outcome of colic were those that were fatal (euthanased
on humane grounds or died as a consequence of colic) or were hospitalised to receive
intensive medical treatment or surgical intervention. There were 225 cases (24% of colic
cases) that were categorised as having a critical outcome. Of the 225 critical outcomes, 145
(64%) were fatal (141 were euthanased, four died) without attempting intensive medical
treatment or surgical intervention (Figure 4). Thirty nine animals (17%) were hospitalised for
intensive medical treatment; ten were euthanased after treatment failed, one died before it
could be euthanased, and 28 recovered following treatment (Figure 4). The duration of
hospitalisation ranged from 2-52 days. Surgical intervention was undertaken in 41 animals
(18%). Twenty two animals (10% of the critical outcomes, n=22/225) that underwent surgery

survived until discharge. It was not possible to determine the long term survival based upon



case records. Two horses died prior to surgery (one during transit to a referral hospital, and
the other during induction of anaesthesia), whilst 17 were euthanased; two prior to surgery,
six during surgery after identification of the underlying pathology and three due to post-
surgical complications (Figure 4). The reason/timing of euthanasia was not identifiable in the

case records for six animals.

Multivariable models of variables associated with critical cases of colic.

Results of the univariable analysis (Supplementary Item 3) were used as the basis for the
multivariable model. There were three variables significantly associated with the likelihood
of an outcome being classified as ‘critical’ (Table 1), all of which had an evidence of effect in
both practices. Two continuous variables, age of the animal and heart rate at presentation
were associated with an increased likelihood of a case being “critical”. The presence of
abnormal mucous membrane colour, which was not further categorised based on the data

III

available in the clinical records, was also associated with “critical” cases. Each variable
nested within practice had a significant individual effect on the model (heart rate: p<0.001;
age: p=0.013; abnormal mucous membrane colour: p<0.001). Akaike’s Information Criterion

demonstrated an optimised model using these three parameters (AIC 167).

Table 1: Multivariable model for clinical variables (history, signalment and clinical
presentation) from 941 horses that were attended for primary assessment outside of normal
working hours for clinical signs of abdominal pain at two practices over a three year period
(2011-2013). Cases were categorised as critical or not critical on the basis of outcome. B is
the coefficient for the variable in the logistic regression model, and is the log of the Odds

Ratio [exp(B)].

Variable B Odds ratio 95% CI p value
Intercept -6.00 0.00 0.00-0.02 <0.001
Heart rate (practice A) 0.08 1.08 1.00-1.14 <0.001
Heart rate (practice B) 0.05 1.05 1.01-1.09 0.01
Age (practice A) 0.07 1.07 1.01-1.14 0.02




Age (practice B) 0.08 1.08 1.00-1.17 0.04

Abnormal mucous 1.89 6.68 1.34-50.5 0.03
membrane colour

(practice A)

Abnormal mucous 3.10 22.3 5.23-115 <0.001

membrane colour

(practice B)

Cl = Confidence Interval

Discussion

This study describes the primary presentation, treatment and outcomes of horses seen
outside of normal working hours for abdominal pain in two equine practices in the UK.
During the three year study period, 941 horses were examined at primary assessment for
colic. The majority (76%) of these cases had no definitive diagnosis of the cause underlying
the colic episode, and 87% responded to simple medical treatment. Edwards (10) reported
that six to ten percent of horses with colic had obstructions which required surgery. In the
present study, intensive medical treatment or surgical intervention was only performed in
9% of the study population. A total 24% of the study population were defined as having a
critical outcome (cases that required intensive medical or surgical management, were
euthanased or died), with the majority of critical cases being euthanased. It is likely that this
euthanased subset of cases also included cases where surgery may have been a possible
treatment. Age of the horse was significantly associated with a critical outcome, which may
either reflect a higher incidence of critical conditions (such as pedunculated lipoma or
neoplasia), or that the age of the horse affects the choices made by the owner. Currently,
the majority of published research is based upon data from horses that have arrived at
referral centres. This study only represents data from two UK veterinary practices, and there
is a need for further studies to expand this evidence. It does however highlight that the
number of horses referred represent a small proportion of the total cases seen. There is a

need for more research on first opinion cases, and the large number of cases with critical



outcomes seen in equine practice. The clinical changes that were present at the primary
examination and significantly associated with a critical outcome are in agreement with a
previous study (5)and strengthen the current evidence for these as ‘red flag’ indicators of a

critical outcome.

Early recognition of critical cases is essential (regardless of whether treatment or euthanasia
is the elected option), as they represent a significant welfare concern. Multivariable
modelling identified an increased heart rate and an abnormal mucous membrane colour as
potential early indicators or ‘red flags’ for critical outcomes of colic. The importance of
cardiovascular parameters and markers of hypovolaemia as prognostic indicators were
identified previously from referral hospital data (11-13). There has been one other study (5)
which has reported on the primary assessment of colic cases; this found that increased heart
rate, hypovolaemic markers and absence of borborygmi were significantly associated with
critical outcomes, which is consistent with this study. The current study also found that age
of the horse was significantly associated with a critical outcome. There are a number of
potential reasons for this — some clinical conditions, such as pedunculated lipomas and
neoplasias are more common in older horses (14, 15). This significant association may
however also be due to owners’ decision-making. Older horses are less likely to be insured
(16), have a lower financial value, and may have a number of other co-morbidities (17). All
these factors may make owners more likely to opt for euthanasia rather than treatment in
an older horse, however further research is needed to explore this and understand decision-

making in critical cases.

An additional finding of the study by Curtis and others (5) was a significant increased
pain/behaviour score. Behavioural scoring was not possible in this study due to the
retrospective methodology. The limitations of the methodology have been previously
discussed (1). The majority (76%) of cases of colic were treated without a definitive diagnosis
of the underlying cause/pathology, consistent with findings from other studies (2, 3).
Reasons may include a lack of an obvious anatomical abnormality, limitations in diagnostic
approaches/techniques available or client preference/finance (18). The major impact of this

study is that clinical parameters associated with a critical outcome were identified on the
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very first assessment of these horses, and therefore can be used as part of early decision-
making in colic cases. It also highlights the need for early recognition and a rapid response by

horse owners to horses showing signs of colic.

This retrospective study provides novel information on the type of data entered into clinical
records for ‘out-of-hours’ cases. Heat rates were the most commonly recorded clinical
parameter (95.6% of cases), possibly due to the relationship between cardiovascular status
and predicting surgical lesions, and prognosis (11, 12, 19, 20). Abdominal auscultation to
determine the presence and nature of borborygmi was recorded in 93.2% of cases,
unsurprising as it is a marker for gastrointestinal function, and most cases of colic have an
underlying gastrointestinal cause (21-25). Respiratory rate (63.9%) and rectal temperature
(55.6%) were frequently recorded, which was expected given that these parameters,
combined with heart rate, are the three components that form the basis of a routine clinical
examination (26). Surprisingly, assessment of markers of hypovolaemia were not commonly
recorded. Hypovolaemic markers including capillary refill time are integral to assessing the
peripheral perfusion status of the animal and are ‘red flags’ for critical cases of colic (5). It is
likely that the assessment of such clinical parameters is conducted but not recorded,
highlighting a possible flaw with the study methodology. Retrospective case series often
have missing and variable data recording, an inherent problem of collecting data from case

records.

The diagnostic tests that were most frequently used were rectal examination (72.8% of
cases) and nasogastric intubation (21.7% of cases) which is consistent with two other studies
of primary care colic cases (5, 18). It is important to recognise that nasogastric intubation
may be adjunctive therapy to deliver oral fluids rather than being purely diagnostic in its use
(27). Diagnostic testing is dependent on individual circumstances with certain diagnostic
tests not considered at the first examination, not required for diagnosis or not possible due
to the demeanour of the horse, due to concerns by owner or vet of risk to horse, or the lack
of facilities available at the point of care (18, 28, 29). Furthermore, injury to equine vets in

particular has been an area of increased investigation in recent years, and perhaps equine
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veterinary surgeons are less inclined to put themselves at risk to perform diagnostic tests

when the animal or environment are not suitable (30-32).

The most commonly administered pharmacological treatments were NSAIDs, which were
administered either alone (16.9% of cases), or in combination with other therapies (74.6% of
cases). The types of NSAID given were consistent with other studies of colic in horses and
were appropriate for management of the condition (33-37). The use of spasmolytic agents
may have been to facilitate rectal examination (38, 39) or as a therapy as they are licensed
and indicated for use in colic with certain underlying causes (40). The efficacy of different
treatments is unknown and cannot be surmised, especially given the multiplicity and
diversity of underlying causes of abdominal pain in horses. Finally, the retrospective study
design meant it was not possible to determine how diagnostic and treatment decisions

affected the outcome of individual cases.

The overall mortality rate of horses seen ‘out-of-hours’ with abdominal pain in this study
was 19%. Euthanasia was performed in 18% of the horses affected by colic in the study
population: 15% without receiving intensive medical treatment or surgical intervention, 1%
after failure of medical treatment, and 2% after unsuccessful surgery or associated
complications. Mortality rates in other colic studies have varied, they were reported to be
lower (between 6 and 11%) in more historic studies (3, 4, 41); population age was not
reported in these studies making it difficult to draw comparisons. This study however had a
similar mortality rate to the study by Curtis and colleagues where 16% of colic cases resulted
in death or euthanasia (either before or after referral). The discrepancy could be due to the
differences between referral and primary care populations of horses with colic, whilst an
alternative hypothesis is due to changes in decision making in equine colic that have
occurred over time. Decision making is multifactorial and there are many aspects to consider
including the horse’s signalment, clinical status and its prognosis, the owner’s personal and
financial position and possibly the insurance status (33, 42, 43). The number of critical cases
of colic (24% of study population) was higher than the fatality rate because of successful
medical and surgical treatment of underlying conditions. The success rate of horses that

underwent surgery and survived to discharge was 54% (n=22/41), which is similar to that
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reported in other studies (8, 9, 44-47). It is important to note that if there had been more
unsuccessful surgeries or intensive medical treatments, the fatality rate would have been

higher.

Colic remains an important condition in the first opinion setting, where the majority of cases
are treated without a definitive diagnosis, animals may require referral for surgery or
intensive medical treatment and it is a frequent cause of mortality. This study highlights the
importance of primary assessment of colic, where the majority of animals are treated. Most
critical cases of colic were fatal, and many of these were euthanased prior to referral, which
was in agreement with a previous study (5). Further investigation into the reasons for
euthanasia is required, to determine why treatment was not an option for these cases. Age
of the horse was one of the factors associated with a critical outcome, and this requires
further investigation to determine whether this is due to older horses being more likely to
have critical conditions, or that owners are more likely to choose euthanasia instead of
treatment in older horses. The population of horses that died, although a small number,
represents a significant welfare concern, particularly as the reason for death was often not
clear or recorded. The key finding from this study was the identification of key ‘red flag’
indicators for critical outcomes: increased heart rate, and abnormal mucous membranes.
This is in agreement with a previous study (5), and adds to the strength of evidence for these
as critical indicators. These clinical parameters should be considered essential components

of the assessment and monitoring of horses with acute abdominal pain.
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Figure legends:

Figure 1: The conditions attributed to clinical signs of colic in 941 horses that were attended
for primary assessment outside of normal working hours at two practices over a three year
period (2011-2013). *Expressed as a percentage of the 941 horses that were attended for

abdominal pain.

Figure 2: The frequency distribution of heart rates of 900 horses with abdominal pain that
were attended for primary assessment outside of normal working hours at two practices
over a three year period (2011-2013). The red highlighted area depicts the normal reference

range (28-40 beats per minute).

Figure 3: The frequency distribution of respiratory rates of 601 horses with abdominal pain
that were attended for primary assessment outside of normal working hours at two
practices over a three year period (2011-2013). The red highlighted area depicts the normal

reference range (8-16 breaths per minute).

Figure 4: The outcomes of 80 critical cases of abdominal pain in horses that were attended
for primary assessment outside of normal working hours and received intensive treatment

at two practices over a three year period (2011-2013).
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