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Simple Summary: Abdominal surgery is commonly performed in horses to treat gastrointestinal
lesions or inflammatory conditions. Potential postoperative complications such as incisional infection
have been shown to be reduced with appropriate perioperative antimicrobial administration. How-
ever, a recent survey of board-certified specialists on antimicrobial practices in horses undergoing
celiotomy demonstrated that usage patterns were highly variable amongst practitioners and, at
times, not concordant with the current literature. Furthermore, in light of recent evidence supporting
an increase in antimicrobial resistance in equine veterinary practice, periodic reconsideration of
antimicrobial regimens for commonly performed procedures is indicated. The goal of this retro-
spective study was to provide an updated review of the effect of antimicrobial protocols and other
perioperative factors on postoperative complications in horses undergoing celiotomy at a referral
hospital with the goal of advancing practitioners’ understanding of best practices and opportunities
to reduce complications.

Abstract: Recognition of antimicrobial resistance in equine practice has increased over the past
decade. The objective of this study was to provide an updated retrospective review of antimicrobial
regimens in one tertiary referral hospital and to evaluate the association with postoperative complica-
tions. A secondary objective was to evaluate other perioperative factors including surgical procedure,
anesthetic and recovery parameters, and the effect of perioperative medications on complications
and outcomes. A computerized search of medical records was performed to identify horses under-
going exploratory celiotomy from 1 January 2008 to 31 December 2021. A total of 742 celiotomies
were performed (608 completed, 134 terminated intraoperatively). Factors recorded were evaluated
using logistic regression for the presence of either incisional infection, postoperative ileus, or other
complications postoperatively. Antimicrobial type or timing (pre-, intra-, or postoperative) were not
associated with decreased risk of incisional infection or postoperative ileus; however, the duration
of NSAID use was positively associated with incisional infection (OR 1.14 per day). Lidocaine and
alpha-2-agonist administration postoperatively were also associated with increased incidence of post-
operative ileus (OR 21.5 and 1.56, respectively). Poor recovery quality (OR 4.69), the addition of other
antimicrobials besides penicillin/gentamicin postoperatively (OR 3.63), and an increased number
of different NSAID classes used (OR 1.46 per additional) were associated with other complications.
Implementation of enterotomy was associated with decreased risk of other complications (OR 0.64).
These findings provide an updated summary of factors associated with postoperative complications
in horses undergoing celiotomy.
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1. Introduction

Exploratory celiotomy is commonly performed in equine practice to address obstruc-
tive or strangulating gastrointestinal lesions or inflammatory conditions such as peritonitis.
Abdominal surgery has been demonstrated to be a risk factor for postoperative complica-
tions, including Salmonella infection, surgical site infection, thrombophlebitis, pneumonia,
peritonitis, and adhesions, which in some instances have been shown to be reduced with
appropriate antimicrobial protocols [1–3]. However, previous studies reviewing antimi-
crobial prophylaxis at a tertiary University referral hospital indicated that the majority
of horses presenting for surgical colic received inaccurate antimicrobial prophylaxis in
terms of timing of drug administration and dose received [4]. A more recent survey
of board-certified equine specialists further reported that antimicrobial usage patterns
were highly variable among practitioners and, at times, not concordant with the current
literature [5]. Exploratory celiotomy is generally considered a ‘clean-contaminated’ proce-
dure, with a small percentage of cases being classified as either ‘dirty’ (i.e. intra-abdominal
contamination occurs) or ‘clean’ (i.e. performed on a non-emergent basis and without
resection or enterotomy) [4,6]. Current recommendations for ‘clean-contaminated’ proce-
dures include that broad-spectrum perioperative antimicrobial prophylaxis is indicated
and recommended to be administered intravenously within 30 to 60 min prior to first
incision, that aseptic technique should be followed intraoperatively, and that antimicrobials
should be redosed intraoperatively if the procedure lasts longer than two half-lives [4,7].
Other factors related to case management within the surgeon’s control that have also
been demonstrated to play a role in reducing surgical site infection include closure tech-
niques, subcutaneous lavage, abdominal stenting, bandaging, and duration of antimicrobial
administration postoperatively [8].

Recent evidence has called into question appropriate duration of antimicrobial admin-
istration following exploratory celiotomy in horses [6,9]. General guidelines in veterinary
medicine support the concept that antimicrobials should be administered for the shortest
effective duration to minimize development of resistant pathogens [10,11]. In humans,
antimicrobial use beyond 24 h postoperatively has not been shown to reduce the risk of
surgical site infection for clean-contaminated or dirty procedures [12]. The literature in
equine practice further supports the concept that prolonged antimicrobial usage (single
prophylactic dose or 72 h versus 120 h) did not yield additional benefits; furthermore,
prolonged administration is known to contribute to development of complications such as
colitis and Salmonella shedding [6,9,11]. However, whether these findings can be extrapo-
lated to horses undergoing more extensive procedures (e.g., resection and anastomoses)
without increased risk for complications such as peritonitis has not been reported to the
authors’ knowledge, and requires further investigation. Another potential consideration
in determining antimicrobial duration postoperatively is regarding prevention of intra-
abdominal adhesions as one study in foals with experimental ischemia indicated that
the combination of antimicrobials and anti-inflammatories administered for 72 h reduced
adhesion risk, although shorter duration treatment protocols were not assessed [13]. Given
recent concern for increased antimicrobial resistance in equine practice, and the expense of
prolonged antimicrobial treatment, greater consideration of antimicrobial protocols tailored
to specific surgical indications is warranted [14–18].

Therefore, the objective of this study was to provide an updated retrospective review
of antimicrobial use in horses undergoing celiotomy procedures over the past ten years
at one tertiary referral hospital and correlate the antimicrobial protocols with respect to
the specific procedures (e.g., enterotomy, resection) with postoperative complications. As a
secondary aim, we examined other intra- and perioperative factors, including procedure
performed, medications administered, and anesthetic variables recorded, to determine
if there were associations with postoperative complications. We hypothesized that pro-
longed antimicrobial administration past 72 h would not result in decreased postoperative
complications, regardless of the type of procedure performed, but that other factors, in-
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cluding procedure performed and quality of anesthetic recovery, would be associated with
complication risk.

2. Materials and Methods
2.1. Retrospective Review of Case Records

A computerized search of medical records was performed to identify horses undergo-
ing exploratory celiotomy (completed and terminated prior to recovery) at Colorado State
University within the last fourteen years (1 January 2008 to 31 December 2021). Medical
records were retrospectively reviewed and data collected included patient and client name;
surgeon; date; diagnosis; days hospitalized; survival to dismissal; whether enterotomy or
bowel resection was performed; whether the horse was recovered from general anesthesia;
anesthesia time; recovery time; recovery quality; whether incisional infection developed
(yes/no); whether postoperative ileus was noted (yes/no); whether other complications
were noted (yes/no) and, if so, what complications (e.g., jugular vein thrombophlebitis,
recurrent colic or apparent abdominal pain, whether Salmonellosis shedding was noted dur-
ing hospitalization); antimicrobial protocols administered; nonsteroidal anti-inflammatory
administration (NSAID) (selection, dosing, duration); and whether other treatments were
administered postoperatively (yes/no) and, if so, which treatments (e.g., prokinetics, opi-
oids, gastroprotectants, alpha-2 agonists).

Categorization of cases that had complications (e.g., incisional infection) was based on
the problem list stated in the medical record identified retrospectively. Briefly, complications
were defined as previously described by Mair and Smith [19]. Surgical site infection was
considered the presence of purulent discharge associated with swelling, heat, and pain
around the skin incision [19]. Diagnosis of jugular vein thrombophlebitis was made by
observation of clinical signs, including swelling over the affected vein +/− occlusion and
findings on ultrasound [19]. Postoperative ileus was defined as a functional complication of
surgery in horses with >2 L net reflux obtained through a nasogastric tube that did not have
mechanical obstruction postoperatively [19]. Postoperative colic or evidence of abdominal
pain was recorded in cases where the horse was observed to lie down for excessive periods,
be inappetent, restless, flank-watch, stretch out as if to urinate, kick at the abdomen, sweat,
paw, or roll [19]. Colitis or diarrhea was defined as persistent if greater than 24 h duration
associated with pyrexia, with or without concurrent leucopenia and neutropenia [19].
Postoperative peritonitis was diagnosed based on combined clinical signs of depression,
pyrexia, and endotoxemia with variable abdominal pain, in association with abnormal
peritoneal fluid (total nucleated cell count >100 × 109/L with cytological evidence of free or
phagocytosed bacteria) [19]. In cases where complications were identified via retrospective
review of records, each case was evaluated to ensure that these criteria were met.

As the effects of antimicrobial administration on the main outcomes was deemed the
focus of the initial data collection, antimicrobial data was coded several different ways to
capture any nuances that may have been present in the data. Initially antimicrobial data
was transferred directly from the medical records: which antimicrobials were adminis-
tered, whether antimicrobials were administered preoperatively (yes/no), intraoperatively
(yes/no), duration of postoperative administration in days (as the vast majority were
administered antimicrobials postoperatively), and timing of administration relative to the
start of surgery if administered intraoperatively. As penicillin and gentamicin (pen/gent)
were the most common antimicrobials administered, pre-, intra-, and postoperative an-
timicrobials were then classified as either pen/gent or other. Finally, data were coded for
administration of any antimicrobial pre- or intraoperatively (yes/no) and pen/gent alone
vs. any other combination at any time perioperatively (yes/no). These additional coded
variables were then compared against the predetermined outcomes of incisional infection,
postoperative ileus, and ‘other’ complications.
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2.2. Data Analysis

Data were collated into a single .csv file for import into R (version 4.3.1 “Beagle Scouts”)
for analysis [20]. Data were summarized using the describe function from the package Hmisc
to evaluate for variables of interest [21]. Bias reduced penalized logistic regression was then
performed using the function logistf from the logistf package [22]. Each of the 3 primary
and secondary outcomes of interest (incisional infection, postoperative ileus, and other
complications) was modeled versus all predictors recorded. Backwards selection was then
performed automatically using the stepAIC function from the MASS package, as well as
by hand using the drop1 function in logistf [23]. If no predictors were significant using a
p-value of 0.05 in the initial modeling or when all factors were removed and the null model
was deemed the most informative, alternate sets of models were tested for significance,
including anesthesia variables, antibiotic variables, etc. The specific predictors evaluated
are noted in the figures/results where applicable or presented. Final predictors (if present)
are presented using odds ratios and confidence intervals. All code used for analyses are
available on GitHub at https://github.com/gregg-g/celio_retro_LP_GG_23.

3. Results
3.1. Case Load Summary

Over the fourteen-year time frame examined, a total of 742 exploratory celiotomies
were performed, with 608 surgeries completed and 134 terminated intraoperatively. Of
the 608 completed surgeries, 514 horses (84.5%) survived to dismissal. Days hospitalized
ranged from 1 to 42 days with a mean of 6.0 days. Anesthetic time ranged from 0.5 to 6.5 h
with a mean of 2.4 h. Recovery time from general anesthesia ranged from 0.25 to 1.7 h,
with a mean of 1.3 h. Subjective grading of recovery quality was available in 593/608 cases
and was considered excellent in 15 cases, good in 327 cases, fair in 180 cases, and poor in
71 cases. Enterotomy was performed in 324/608 cases (53.5%), and bowel resection was
performed in 114/608 cases (18.8%).

3.2. Complications

Postoperative complications considered in the final analysis included incisional infec-
tion, postoperative ileus, or ‘other’ complications, which included recurrent or persistent
colic, fever, endotoxemia, sepsis, peritonitis, hemoabdomen, laminitis, jugular vein throm-
bosis, cholangiohepatitis, leukopenia, coagulopathy, azotemia, anemia, anastomosis failure,
colitis including Salmonellosis and Clostridrium difficile shedding, cardiac complications,
musculoskeletal injury in recovery, and corneal ulceration. Incidence of incisional infection
was recorded in 39/608 cases (6.4%). Incidence of postoperative ileus was recorded in
127/608 cases (20.9%). Other complications were recorded in 242/608 cases (39.8%).

3.3. Association of Perioperative Factors with Complications and Survival to Dismissal

The effect of antimicrobial regimen, administration of other medications, and pe-
rioperative factors were modeled for three outcomes: incidence of incisional infection,
postoperative ileus, and other complications. Figure 1 shows final model factors associated
with postoperative complications and their odds ratios. There were no significant effects
on the measured outcomes when evaluating pre-, intra-, or postoperatively administered
antimicrobials, with the exception of the administration of additional antimicrobials to
penicillin and gentamicin postoperatively increasing the risk of additional complications.
When NSAIDs were modeled by number of days administered postoperatively, there was a
significant positive association with incisional infection, and administration of an increased
number of different NSAIDs was associated with other recorded complications as well.
Administration of lidocaine continuous rate infusion and alpha-2-agonists postoperatively
were significantly associated with an increased incidence of postoperative ileus. A recovery
from general anesthesia graded as poor versus excellent was predictive for other types of
complications. Implementation of an enterotomy intraoperatively was associated with a
decrease in other complications. Longer duration of hospitalization was weakly associated

https://github.com/gregg-g/celio_retro_LP_GG_23
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with a higher likelihood to survive to dismissal (p = 0.086), with an odds ratio (CI) of 1.058
(0.993–1.141) per day.
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3.4. Antimicrobial regimens

Preoperative antimicrobial administration was recorded as administered in 205/608 cases
(33.8%), with 10 different antimicrobial combinations noted, of which penicillin/gentamicin
(pen/gent) was the most common in 186/205 cases (90.7%). Antimicrobials were adminis-
tered intraoperatively in 171/608 cases (28.1%), with 17 different combinations being noted,
with pen/gent again being the most common (74/171, 43.3%), followed by penicillin alone
(20/171, 11.7%) and gentamicin alone (15/171, 8.8%). Duration of postoperative antimicro-
bial administration varied widely from no postoperative administration (5/608, 0.8%) up to
57 days duration (1/608, 0.2%), with a mean of 3.9 days. Additional drug classes of antimi-
crobials (besides those administered initially preoperatively, most commonly pen/gent)
were given in 244/608 cases (40.1%). The odds ratios associated with various antimicrobial
protocols and factors on the outcomes of interest are shown in Figure 2. While several of
the outcomes have odds ratios that do not include ‘1’ (often indicating significance), the R2

for these models was between 0.002 and 0.017, indicating that these factors alone explain
very little of the data.
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using the 3 primary outcomes of interest (incisional infection, postoperative ileus, other complications)
as the dependent variables. The 4 independent variables were defined as questions: A: Does the
administration of any antibiotic either pre- or intraoperatively (modeled separately) have an effect
on the probability of the outcomes of interest? B: Does the administration of penicillin/gentamicin
vs. any other antimicrobial combination pre- or intraoperatively (modeled separately) have an effect
on the probability of the outcomes of interest? C: Does the administration of any antimicrobial at
all in the pre- or intraoperative period affect the probability of the outcomes of interest? D: Does
the administration of any antimicrobial combination other than penicillin/gentamicin at any time
in the perioperative period (pre-, intra- or post-) affect the probability of the outcomes of interest?
Diamonds indicate odds ratio.

3.5. Other Perioperative Medications

Duration of postoperative nonsteroidal anti-inflammatory (NSAID) administration
ranged from 0 to 57 days with a mean of 4.3 days. The number of NSAIDs administered
postoperatively ranged from 0 to 3 types, with one (424/605 or 70.1%) or two (168/605 or
27.8%) drug types being most common. Lidocaine continuous rate infusion was adminis-
tered postoperatively in 501/606 cases (82.7%), for which that information was recorded.
Alpha-2-agonists were administered postoperatively in 277/608 cases (45.6%). Opioids
(i.e., butorphanol) were administered postoperatively in 221/608 (36.3%). Ketamine was
administered postoperatively in 148/608 cases (24.3%).

4. Discussion

Selection and duration of antimicrobial prophylaxis remains a controversial aspect of
equine surgical practice [24]. This study represents an updated reporting of complications
following equine exploratory celiotomy with respect to comparing perioperative antimi-
crobial protocols and other aspects of case management. The main findings of this study
did not support a difference in incidence of incisional infection, postoperative ileus, or
other complications with different antimicrobial protocols used, pre- versus intraoperative
dosing, or extended duration antimicrobial regimens beyond the perioperative period.
However, the additional administration of other antimicrobial and NSAID drug classes
was associated with an increased incidence of complications. Finally, several key outcomes
noted in terms of perioperative case management that may be useful to practicing clinicians
were identified, including the observation that integration of enterotomy procedures was
associated with reduced postoperative complications (e.g., recurrent colic) and that poor
recovery quality was predictive of developing other complications.

Current standards of care in equine veterinary surgical antimicrobial prophylaxis
(SAP) were recently reviewed by Southwood et al. [25]. Resistant microbial infections have
resulted in more than 1.2 million human deaths worldwide in 2019 [26]. With potentially
increasingly limited options in the human medical field to treat active infection, the vet-
erinary medical community has a responsibility for heightened awareness of methods to
preserve antimicrobial function [27]. Furthermore, antimicrobial drug resistance is not
only a concern in the human medical field, but reports in equine veterinary medicine exist
describing multidrug resistant infections with Staphylococcus, Escherichia coli, and Entero-
cocci, as well as methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant
Enterococci, and rifampin- and macrolide-resistant Rhodococcus equi [28–38]. The impact
of antimicrobial resistance on equine practice specifically, challenges to appropriate use,
and the opportunity to improve clinical outcomes through responsible antimicrobial use,
including in critical patients, has been emphasized in several pertinent recent review
articles [25,39–45]. Factors contributing to appropriate antimicrobial use, such as indication
for administration, selection, dosing, timing, route, duration, modification, and therapy
have been reviewed recently by Hardefeldt et al. [46]. Emerging data generally support a
shorter duration of SAP and encourage further development of collaborative antimicrobial
stewardship programs within institutions [25]. Findings of this study are in concordance
with this work, indicating that antimicrobial type or timing (pre-, intra-, or postoperative)
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were not associated with decreased risk of incisional infection or postoperative ileus, and
that additional doses of antimicrobials did not affect complication rate. Multiple studies
have demonstrated that antimicrobial drug administration and hospitalization increase
antimicrobial drug resistance [33,47–50], and furthermore, that prolonged SAP is detrimen-
tal to the patient and increases costs associated with surgery [12]. These findings have
led various groups (including the AVMA, AAHA, and others) to conclude that antimi-
crobial administration should be limited to cases in which the risk of infection is greater
than 5%, which may encompass some cases of equine celiotomy such as those receiving
resection and anastomoses or limited to treatment of infection and not used for infection
prevention [7,51–54].

While clinical practice guidelines for SAP for human surgical patients have been well
defined by the Surgical Infection Society, Infectious Disease Society of America, Ameri-
can Society of Health-System Pharmacists, and Society for Healthcare Epidemiology of
America [47], there are fewer studies in equine surgery [25]. When compared to muscu-
loskeletal procedures such as arthroscopy, exploratory celiotomy in horses tends to have
a higher complication and infection rate [55]. A recent survey of antimicrobial use for
equine celiotomy by Rockow et al. in 2023 showed little difference from a similar sur-
vey performed in 2002 by Traub-Dargatz et al., which indicated that most surgeons used
penicillin and gentamicin for 24 h for standard exploratory laparotomy procedures, but
implemented extended SAP for 3 to 5 days for horses undergoing enterotomy/resection or
cases with large colon volvulus [5,56]. As mentioned, and previously supported by surgical
prophylaxis studies in humans, antimicrobials administered beyond the operative period
may be unnecessary in equine gastrointestinal surgery. These findings are supported by
several additional equine studies supporting no difference in outcomes in 24 h SAP versus
3 or 5 days of extended prophylaxis or any postoperative antimicrobials following colic
surgery [6,9,11]. The previous literature in this area, summarized recently by Southwood
et al., and the findings of the current study support the concept that factors besides pro-
longed antimicrobial prophylaxis, such as intraoperative contamination, incision length,
and postoperative colic are likely more important contributing factors to complications such
as surgical site infection. Furthermore, periodic audits of antimicrobial use are indicated
to determine whether clinical practices are congruent with recommended guidelines, as
have been put forth here and by several groups recently [57–59]. However, it is recognized
that care must be taken when using primarily retrospective data to drive how clinical
medicine should be practiced, and until prospective case–control studies are performed,
only inferences can be made based on the population sampled retrospectively. Ongoing
prospective clinical trials in equine surgery will help to inform surgical practice moving
forward in this era of increasing antimicrobial resistance.

The rate of incisional infection reported here (6.4%) compared favorably to previ-
ous reports of surgical site infection (SSI) prevalence following exploratory celiotomy
(10–42%) [9,60–63]. This may be due in part to differences in definitions used in reporting
SSI between previous publications and lack of follow-up available in some cases in this
retrospective review. Antimicrobial protocols employed did not affect SSI rate in this case
series, but it is further acknowledged that detecting statistical differences would be difficult
due to the low infection rate overall. Of the perioperative variables assessed, only duration
of NSAID usage postoperatively was positively associated with an increased incidence
of SSI, with a multiplicative odds ratio of 1.14 per day. This was attributed to continued
administration due to observed inflammation associated with the incision site, and was not
presumed to be causative for SSI in this population.

Postoperative ileus was recorded in 20.9% of cases in this retrospective study, which is
similar to recent reviews reporting 18.4 to 33% incidence of ileus following celiotomy [64–69].
Variables previously associated with development of ileus have been the presence of naso-
gastric reflux (>8 L) preoperatively, elevated heart rate, elevated packed cell volume and
hyperglycemia at admission examination, increased age, small intestinal lesions, resection
and anastomosis performed, and increased duration of anesthesia [65,67,69,70], variables



Animals 2023, 13, 3573 8 of 13

which were not comprehensively assessed in this study. Aspects of case management
that were associated with ileus in this case population were administration of lidocaine
continuous rate infusion and alpha-2-agonists postoperatively, which, as with NSAID
administration in the case of SSI above, were presumed to be continued in response to
observed POR and not causative. Treatment and prevention of ileus involves supportive
care, including prokinetic drugs such as lidocaine, metoclopramide, cisapride and ery-
thromycin [65–69]. Although lidocaine is administered based on clinician preference in this
tertiary referral hospital, it was prescribed in the majority of cases undergoing celiotomy
during this time frame (82.7%).

Throughout the literature, there are conflicting reports regarding the efficacy of lido-
caine as a prokinetic, with no effect on ileus or survival reported in the UK population [69]
and with evidence to the contrary demonstrating lidocaine improved postoperative ileus,
survival rate, time to first manure passage, and duration of hospitalization in other
studies [65,71]. However, the majority of both the European Colleges of Veterinary Sur-
geons/Equine Internal Medicine clinicians (79%) and American Colleges of Veterinary
Surgeons/Internal Medicine Clinicians/Emergency Critical Care diplomates (68%) have
continued to report using lidocaine to treat horses with postoperative ileus [72,73]. A recent
meta-analysis evaluating the available body of literature regarding efficacy of lidocaine
to reduce ileus concluded that lidocaine was associated with an increased incidence of
diagnosis of ileus (as in our study), and that horses treated with lidocaine were more likely
to survive to dismissal, but that lidocaine administration was not specifically associated
with reduced postoperative ileus [39]. These findings suggest further investigation of
lidocaine as a treatment specifically for ileus is necessary [74], but these data did not show
an association with successful discharge from the hospital with lidocaine use. The use of
alpha-2 agonists postoperatively, however, increased the risk of ileus whether lidocaine
was being administered or not, as the odds ratios are calculated based on holding all other
factors constant. This is consistent with the significant reduction in gastrointestinal motility
seen with the use of all studied alpha-2 agonists [75].

In this study, complications other than SSI or postoperative ileus were evaluated
together and recorded in 39.8% of cases. Interestingly, inclusion of enterotomy at time of
surgery was found to significantly reduce the risk of other complications. As postoperative
colic was the most common ‘other’ complication recorded, this finding is postulated to
be primarily associated with reduced risk of recurrent colic following enterotomy due
to resolution of large colon impaction following pelvic flexure enterotomy. It is further
the authors’ clinical experience that patients may be refed more rapidly postoperatively
and have reduced need for repeat celiotomy following evacuation of bowel contents with
enterotomy in either primarily large colon cases or small intestinal strangulating lesions
with secondary large colon impaction. Additionally, anesthetic recoveries that were graded
as poor versus excellent were predictive for a higher risk of postoperative complications.
Equine anesthesia is generally associated with a greater risk of morbidity and mortality
compared to humans and companion animals (1% versus 0.001–0.1%) [76–78] and horses
presenting for colic or other emergency surgery, for procedures occurring outside regular
working hours or for longer anesthetic periods, which is often the case for emergency
celiotomies, have been previously reported to have a higher risk of mortality associated with
general anesthesia [77–82]. Due to the retrospective nature of this study, it is not possible to
distinguish whether recoveries assessed as poor resulted simply from the severity of disease
status in which case a higher rate of complications could be anticipated or whether recovery
quality itself affected complication rate (e.g., musculoskeletal injury, corneal laceration), or
a combination of both. However, these findings provide potentially actionable information
to clinicians in terms of case management intraoperatively and communication with clients
regarding the risk of complications postoperatively and should provide additional impetus
to improve anesthetic recoveries whenever possible in all situations.

Limitations of this study include the retrospective nature of study design, which
limited retrieval of full data sets for all surgeries performed. Active questioning of all
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clients regarding complications that occurred following dismissal from the hospital was
not performed. The complications evaluated individually statistically were those seen most
frequently in this case population while others were grouped together to facilitate statistical
analyses. The low rate of incisional site infection overall may have prohibited evaluation of
individual antimicrobial medication regimens as factors associated with resultant infection.
The consistent use of antimicrobials in all cases, whether started pre-, intra-, or postop-
eratively, also precludes evaluating the necessity of antimicrobial administration in this
population. As owners were not directly contacted, it is possible that additional follow-up
would have allowed discovery and recording of more complete information regarding
postoperative outcomes and complications, and that the complication rate reported here
may be underestimated. Furthermore, the analysis of ‘other’ complications as a single
group may have prohibited ability to detect differences specific to each type of complication.
Additional prospective studies examining the effect of drug administration versus time on
postoperative complications are indicated.

5. Conclusions

In summary, antimicrobial protocol did not affect postoperative complication rate
in this study population of horses undergoing exploratory celiotomy, with no additional
benefit observed to antimicrobial administration beyond the perioperative period. The ad-
dition of antimicrobial classes besides penicillin and gentamicin and multiple NSAIDs was
associated with an increased risk of complications. Longer NSAID duration was associated
with an increased risk of incisional infection. Lidocaine and alpha-2-agonist administration
were associated with postoperative ileus. Periodic audits of clinical practices associated
with frequently performed procedures such as exploratory celiotomy are indicated to
reevaluate current practices in light of the recent literature and to potentially improve
outcomes. These data may be useful to surgeons in evaluating their own postoperative
complication rates and in assessing factors associated with increased risk of complications
following exploratory celiotomy.

Author Contributions: Study conceptualization: M.R., G.G., G.L., D.H. and L.P.; Data curation:
M.R., L.P. and G.G.; Formal analysis: G.G.; Funding acquisition: M.R., G.G., G.L., D.H. and L.P.;
Investigation: M.R., G.G. and L.P.; Methodology: M.R., G.G. and L.P.; Project administration: L.P. and
G.G.; Resources: M.R., G.G., G.L., D.H. and L.P.; Software: M.R., G.G. and L.P.; Supervision: L.P. and
G.G.; Validation: L.P. and G.G.; Visualization: L.P. and G.G. Writing—original draft: M.R., L.P. and
G.G.; Writing—review and editing: M.R., G.G., G.L., D.H. and L.P. All authors have read and agreed
to the published version of the manuscript.

Funding: This study was funded by a Young Investigator Grant from the Center for Companion
Animal Studies.

Institutional Review Board Statement: This study represents a retrospective review of case records
and institutional review board consent was not necessary.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data available in a publicly accessible repository as noted in the
manuscript.

Acknowledgments: The authors thank and acknowledge the staff of the Colorado State University
Johnson Family Equine Hospital for their kind care of equine patients described herein.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as potential conflicts of interest.

References
1. Hird, D.W.; Casebolt, D.B.; Carter, J.D.; Pappaioanou, M.; Hjerpe, C.A. Risk factors for salmonellosis in horses. J. Am. Vet. Med.

Assoc. 1986, 188, 173–177. [PubMed]
2. House, J.K.; Mainar-Jaime, R.C.; Smith, B.P. Risk factors for nosocomial Salmonella infections among hospitalized horses. J. Am.

Vet. Med. Assoc. 1999, 214, 1511–1516. [PubMed]

https://www.ncbi.nlm.nih.gov/pubmed/3700214
https://www.ncbi.nlm.nih.gov/pubmed/10340078


Animals 2023, 13, 3573 10 of 13

3. Ekiri, A.B.; Mackay, R.J.; Gaskin, J.M.; Freeman, D.E.; House, A.M.; Giguere, S.; Troedsson, M.R.; Schuman, C.D.; von Chamier,
M.M.; Henry, K.M.; et al. Epidemiologic analysis of nosocomial Salmonella infections in hospitalized horses. J. Am. Vet. Med.
Assoc. 2009, 234, 108–119. [CrossRef] [PubMed]

4. Dallap-Schaer, B.L.; Linton, J.K.; Aceto, H. Antimicrobial Use in Horses Undergoing Colic Surgery. J. Vet. Intern. Med. 2012, 26,
1449–1456. [CrossRef] [PubMed]

5. Rockow, M.; Griffenhagen, G.; Landolt, G.; Hendrickson, D.; Pezzanite, L. Current antimicrobial use in horses undergoing
exploratory celiotomy: A survey of board-certified equine specialists. Animals 2023, 13, 1433. [CrossRef]

6. Stöckle, S.D.; Kannapin, D.A.; Kauter, A.M.L.; Lubke-Becker, A.; Walther, B.; Merle, R.; Gehlen, H. A Pilot Randomised Clinical
Trial Comparing a Short-Term Perioperative Prophylaxis Regimen to a Long-Term Standard Protocol in Equine Colic Surgery.
Antibiotics 2021, 10, 587. [CrossRef]

7. Southwood, L.L. Principles of antimicrobial therapy: What should we be using? Vet. Clin. Equine 2006, 22, 279–296. [CrossRef]
8. Smith, L.J.; Mellor, D.J.; Marr, C.M.; Reid, S.W.J.; Mair, T.S. Incisional complications following exploratory celiotomy: Does an

abdominal bandage reduce the risk? Equine Vet. J. 2007, 39, 277–283. [CrossRef]
9. Durward-Akhurst, S.A.; Mair, T.S.; Boston, R.; Dunkel, B. Comparison of two antimicrobial regimens on the prevalence of

incisional infections after colic surgery. Vet. Rec. 2013, 172, 287. [CrossRef]
10. Hansen, E.; Belden, K.; Silibovsky, R.; Vogt, M.; Arnold, W.V.; Bicanic, G. Perioperative antibiotics. J. Arthroplast. 2014, 29, 29–48.

[CrossRef]
11. Gandini, M.; Cerullo, A.; Franci, P.; Giusto, G. Changes in perioperative antimicrobial and anti-inflammatory drugs regimens for

colic surgery in horses: A single center report. Vet. Sci. 2022, 9, 546. [CrossRef]
12. Bratzler, D.W.; Dellinger, E.P.; Olsen, K.M.; Perl, T.M.; Auwaerter, P.G.; Bolon, M.K.; Fish, D.N.; Napolitano, L.M.; Sawyer, R.G.;

Slain, D.; et al. Clinical practice guidelines for antimicrobial prophylaxis in surgery. Am. J. Health Syst. Pharm. 2013, 70, 195–283.
[CrossRef] [PubMed]

13. Sullins, K.E.; White, N.A.; Lundin, C.S.; Dabareiner, R.; Gaulin, G. Prevention of ischaemia-induced small intestinal adhesions in
foals. Equine Vet. J. 2004, 36, 370–375. [CrossRef]

14. Dziubinski, N.; Mahlmann, K.; Lubke-Becker, A.; Lischer, C. Retrospective identification of bacterial isolates from emergency
laparotomy surgical site infections in horses. J. Equine Vet. Sci. 2020, 87, 102927. [CrossRef]

15. Johns, I.C.; Adams, E.L. Trends in antimicrobial resistance in equine bacterial isolates: 1999–2012. Vet. Record. 2015, 176, 334.
[CrossRef]

16. Van Spijk, J.N.; Schmitt, S.; Furst, A.E.; Schoster, A. A retrospective analysis of antimicrobial resistance in bacterial pathogens in
an equine hospital (2012–2015). Schweiz. Arch. Fur Tierheilkd. 2016, 158, 433–442. [CrossRef]

17. Theelen, M.J.P.; Wilson, W.D.; Edman, J.M.; Magdesian, K.G.; Kass, P.H. Temporal trends in in vitro antimicrobial susceptibility
patterns of bacteria isolated from foals with sepsis: 1979–2010. Equine Vet. J. 2014, 46, 161–168. [CrossRef] [PubMed]

18. Malo, A.; Cluzel, C.; Labrecque, O.; Beauchamp, G.; Lovoie, J.P. Evolution of in vitro antimicrobial resistance in an equine hospital
over 3 decades. Can. Vet. J. 2016, 57, 747–751.

19. Mair, T.S.; Smith, L.J. Survival and complication rates in 300 horses undergoing surgical treatment of colic. Part 2: Short-term
complications. Equine Vet. J. 2005, 37, 303–309. [CrossRef] [PubMed]

20. R Core Team. R: A Language and Environment for Statistical Computing. Foudnation for Statistical Computing, Viennna Austria.
2023. Available online: https://www.R-project.org/ (accessed on 12 November 2023).

21. Harrell, F., Jr. Hmisc: Harrell Miscellaneous. R Package Version 5.1-0 2023. Available online: https://CRAN.R-project.org/
package=Hmisc (accessed on 12 November 2023).

22. Heinze, G.; Ploner, M.; Jiricka, L.; Steiner, G. logistf: Firth’s Bias-Reduced Logistic Regression. R Package Version 1.25.0. 2023.
Available online: https://CRAN.R-project.org/package=logistf (accessed on 12 November 2023).

23. Venables, W.N.; Ripley, B.D. Modern Applied Statistics with S, 4th ed.; Springer: New York, NY, USA, 2002; ISBN 0-387-95457-0.
24. Southwood, L. Perioperative antimicrobials: Should we be concerned about antimicrobial drug use in equine surgical patients?

Equine Vet. J. 2014, 46, 267–269. [CrossRef]
25. Southwood, L.L. Surgical antimicrobial prophylaxis: Current standards of care. Equine Vet. Educ. 2023, 35, 607–616. [CrossRef]
26. Murray, C.J.; Ikuta, K.S.; Sharara, F.; Swetschinski, L.; Robles Aguilar, G.; Gray, A. Global burden of bacterial antimicrobial

resistance in 2019; a systematic analysis. Lancet 2022, 399, 629–655. [CrossRef]
27. Crosby, C.E.; Redding, L.E.; Ortved, K.F. Current treatment and prevention of orthopaedic infections in the horse. Equine Vet.

Educ. 2023, 35, 437–448. [CrossRef]
28. Burton, A.J.; Giguère, S.; Sturgill, T.L.; Berghaus, L.J.; Slovis, N.M.; Whitman, J.L. Macrolide- and rifampin-resistant Rhodococcus

equi on a horse breeding farm, Kentucky, USA. Emerg. Infect. Dis. 2013, 19, 282–285. [CrossRef] [PubMed]
29. de Lagarde, M.; Larrieu, C.; Praud, K.; Schouler, C.; Doublet, B.; Salle, G.; Fairbrother, J.M.; Arsenault, J. Prevalence, risk factors,

and characterization of multi-drug resistant and extended spectrum β-lactamase/AmpC β-lactamase producing Escherichia coli
in healthy horses in France in 2015. JVIM 2019, 33, 902–911.

30. Guardabassi, L. Veterinary hospital-acquired infections: The challenge of MRSA and other multidrug-resistant bacterial infections
in veterinary medicine. Vet. J. 2012, 193, 307–308. [CrossRef]

https://doi.org/10.2460/javma.234.1.108
https://www.ncbi.nlm.nih.gov/pubmed/19119974
https://doi.org/10.1111/j.1939-1676.2012.01024.x
https://www.ncbi.nlm.nih.gov/pubmed/23167747
https://doi.org/10.3390/ani13091433
https://doi.org/10.3390/antibiotics10050587
https://doi.org/10.1016/j.cveq.2006.04.004
https://doi.org/10.2746/042516407X193963
https://doi.org/10.1136/vr.101186
https://doi.org/10.1016/j.arth.2013.09.030
https://doi.org/10.3390/vetsci9100546
https://doi.org/10.2146/ajhp120568
https://www.ncbi.nlm.nih.gov/pubmed/23327981
https://doi.org/10.2746/0425164044868431
https://doi.org/10.1016/j.jevs.2020.102927
https://doi.org/10.1136/vr.102708
https://doi.org/10.17236/sat00069
https://doi.org/10.1111/evj.12130
https://www.ncbi.nlm.nih.gov/pubmed/23808791
https://doi.org/10.2746/0425164054529364
https://www.ncbi.nlm.nih.gov/pubmed/16028617
https://www.R-project.org/
https://CRAN.R-project.org/package=Hmisc
https://CRAN.R-project.org/package=Hmisc
https://CRAN.R-project.org/package=logistf
https://doi.org/10.1111/evj.12247
https://doi.org/10.1111/eve.13864
https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.1111/eve.13770
https://doi.org/10.3201/eid1902.121210
https://www.ncbi.nlm.nih.gov/pubmed/23347878
https://doi.org/10.1016/j.tvjl.2012.04.005


Animals 2023, 13, 3573 11 of 13

31. Herdan, C.L.; Acke, E.; Dicken, M.; Archer, R.M.; Forsyth, S.F.; Gee, E.K. Multi-drug-resistant enterococcus spp. as a cause of
non-responsive septic synovitis in three horses. N. Z. Vet. J. 2012, 60, 297–304. [CrossRef]

32. Loncaric, I.; Künzel, F.; Licka, T.; Simhofer, H.; Spergser, J.; Rosengarten, R. Identification and characterization of methicillin-
resistant Staphylococcus aureus (MRSA) from Austrian companion animals and horses. Vet. Microbiol. 2014, 168, 381–387.
[CrossRef]

33. Maddox, T.W.; Williams, N.J.; Clegg, P.D.; O’Donnell, A.J.; Dawson, S.; Pinchbeck, G.L. Longitudinal study of antimicrobial-
resistant commensal Escherichia coli in the faeces of horses in an equine hospital. Prev. Vet. Med. 2011, 100, 134–146. [CrossRef]

34. Singh, B.R. Prevalence of vancomycin resistance and multiple drug resistance in enterococci in equids in North India. J. Infect.
Dev. Ctries. 2009, 3, 498–503. [CrossRef]

35. Van den Eede, A.; Martens, A.; Lipinska, U.; Struelens, M.; Deplano, A.; Denis, O.; Haesebrouck, F.; Gasthuys, F.; Hermans, K.
High occurrence of methicillin-resistant Staphylococcus aureus ST398 in equine nasal samples. Vet. Microbiol. 2009, 133, 138–144.
[CrossRef]

36. Ward, M.P.; Brady, T.H.; Couëtil, L.L.; Liljebjelke, K.; Maurer, J.J.; Wu, C.C. Investigation and control of an outbreak of salmonellosis
caused by multidrug-resistant salmonella typhimurium in a population of hospitalized horses. Vet. Microbiol. 2005, 107, 233–240.
[CrossRef] [PubMed]

37. Van Spijk, J.N.; Schmitt, S.; Schoster, A. Infections caused by multidrug-resistant bacteria in an equine hospital (2012–2015).
Equine Vet. Educ. 2019, 31, 653–658. [CrossRef]

38. Isgren, C.M.; Williams, N.J.; Fletcher, O.D.; Timofte, D.; Newton, R.J.; Maddox, T.W.; Clegg, P.D.; Pinchbeck, G.L. Antimicrobial
resistance in clinical bacterial isolates from horses in the UK. Equine Vet. J. 2022, 54, 390–414. [CrossRef] [PubMed]

39. Isgren, C.M. Improving clinical outcomes via responsible antimicrobial use in horses. Equine Vet. Educ. 2022, 34, 482–492.
[CrossRef]

40. Prescott, J.F. Outpacing the resistance tsunami: Antimicrobial stewardship in equine medicine, an overview. Equine Vet. Educ.
2021, 33, 539–545. [CrossRef]

41. Dunkel, B. Responsible antimicrobial use in critically ill adult horses. Equine Vet Educ. 2021, 33, 653–658. [CrossRef]
42. Ryan, C.A.; McNeal, C.D.; Credille, B.C. Ceftiofur use and antimicrobial stewardship in the horse. Equine Vet. J. 2021, 55, 944–961.

[CrossRef]
43. Durie, I.; van Galen, G. Can the use of antimicrobials in adult equine patients with acute. Colitis be justified in the era of

antimicrobial stewardship? Equine Vet. Educ. 2023, 35, 103–112. [CrossRef]
44. Hardefeldt, L.Y.; Bailey, K.E. Challenges to appropriate antimicrobial use in horses. Equine Vet. Educ. 2023, 35, 567–570. [CrossRef]
45. Weese, J.S. Antimicrobial resistance in horses, a call to action. Equine Vet. Educ. 2023, 35, 564–566. [CrossRef]
46. Hardefeldt, L.Y.; Bailey, K.E.; Slater, J. Overview of the use of antimicrobial drugs for the treatment of bacterial infections in

horses. Equine Vet. Educ. 2021, 33, 602–611. [CrossRef]
47. Dunowska, M.; Morley, P.S.; Traub-Dargatz, J.; Hyatt, D.R.; Dargatz, D.A. Impact of hospitalization and antimicrobial drug

administration on antimicrobial susceptibility patterns of commensal Escherichia coli isolated from the feces of horses. JAVMA
2006, 228, 1909–1917. [CrossRef] [PubMed]

48. Johns, I.; Verheyen, K.; Good, L.; Rycroft, A. Antimicrobial resistance in faecal Escherichia coli isolates from horses treated with
antimicrobials: A longitudinal study in hospitalised and nonhospitalised horses. Vet. Microbiol. 2012, 159, 381–389. [CrossRef]
[PubMed]

49. Schoster, A.; van Spijk, J.N.; Damborg, P.; Moodley, A.; Kirchgaessner, C.; Hartnack, S. The effect of different antimicrobial
treatment regimens on the faecal shedding of ESBL-producing Escherichia coli in horses. Vet. Microbiol. 2020, 243, 108617.
[CrossRef]

50. Williams, A.; Christley, R.M.; McKane, S.A.; Roberts, V.L.H.; Clegg, P.D.; Williams, N.J. Antimicrobial resistance changes in enteric
Escherichia coli of horses during hospitalisation: Resistance profiling of isolates. Vet. J. 2013, 195, 121–126. [CrossRef] [PubMed]

51. Schnellmann, C.; Gerber, V.; Rossano, A.; Jaquier, A.; Panchaud, Y.; Doherr, M.G. Presence of new mecA and mph(C) variants
conferring antibiotic resistance in staphylococcus spp. isolated from the skin of horses before and after clinic admission. J. Clin.
Microbiol. 2006, 44, 4444–4454. [CrossRef] [PubMed]

52. Esposito, S. Is single-dose antibiotic prophylaxis sufficient for any surgical procedure? J. Chemother. 1999, 11, 556–564. [CrossRef]
[PubMed]

53. Frey, E.; Granick, J.; Weese, J.S. 2022 AAFP/AAHA Antimicrobial Stewardship Guidelines. JAAHA 2022, 58, 1–5. [CrossRef]
[PubMed]

54. Guardabassi, L.; Jensen, L.B.; Kruse, H. Guide to Antimicrobial Use in Animals; Blackwell Publishing Ltd.: Ames, IA, USA, 2008.
55. Southwood, L.L. Complications in the postoperative colic patient. In Complications in Equine Surgery; Rubio-Martinez, L.M.,

Hendrickson, D.A., Eds.; Wiley Blackwell: Hoboken, NJ, USA, 2021; pp. 310–390.
56. Traub-Dargatz, J.L.; George, J.L.; Dargatz, D.A.; Morley, P.S.; Southwood, L.L.; Tillotson, K. Survey of complications and

antimicrobial use in equine patients at veterinary teaching hospitals that underwent surgery because of colic. JAVMA 2002, 220,
1359–1365. [CrossRef]

https://doi.org/10.1080/00480169.2011.651702
https://doi.org/10.1016/j.vetmic.2013.11.022
https://doi.org/10.1016/j.prevetmed.2011.02.006
https://doi.org/10.3855/jidc.467
https://doi.org/10.1016/j.vetmic.2008.06.021
https://doi.org/10.1016/j.vetmic.2005.01.019
https://www.ncbi.nlm.nih.gov/pubmed/15863282
https://doi.org/10.1111/eve.12837
https://doi.org/10.1111/evj.13437
https://www.ncbi.nlm.nih.gov/pubmed/33566383
https://doi.org/10.1111/eve.13502
https://doi.org/10.1111/eve.13318
https://doi.org/10.1111/eve.13334
https://doi.org/10.1111/evj.13930
https://doi.org/10.1111/eve.13657
https://doi.org/10.1111/eve.13882
https://doi.org/10.1111/eve.13875
https://doi.org/10.1111/eve.13371
https://doi.org/10.2460/javma.228.12.1909
https://www.ncbi.nlm.nih.gov/pubmed/16784384
https://doi.org/10.1016/j.vetmic.2012.04.010
https://www.ncbi.nlm.nih.gov/pubmed/22565010
https://doi.org/10.1016/j.vetmic.2020.108617
https://doi.org/10.1016/j.tvjl.2012.08.001
https://www.ncbi.nlm.nih.gov/pubmed/22967926
https://doi.org/10.1128/JCM.00868-06
https://www.ncbi.nlm.nih.gov/pubmed/17005735
https://doi.org/10.1179/joc.1999.11.6.556
https://www.ncbi.nlm.nih.gov/pubmed/10678800
https://doi.org/10.5326/1547-3317-58.4.1
https://www.ncbi.nlm.nih.gov/pubmed/35793483
https://doi.org/10.2460/javma.2002.220.1359


Animals 2023, 13, 3573 12 of 13

57. Mair, T.S.; Parkin, T.D. Audit of antimicrobial use in eleven equine practices over a five-year period (2014–2018). Equine Vet. Educ.
2022, 34, 404–408. [CrossRef]

58. Tallon, R.E.; Whitt, B.; Bladon, B.M. Antibiotic usage in 14 equine practices over a 10-year period (2012–2021). Equine Vet. J. 2023.
Epub ahead of print. [CrossRef] [PubMed]

59. Wilson, A.; Mair, T.; Williams, N.; McGowan, C.; Pinchbeck, G. Antimicrobial prescribing and antimicrobial resistance surveillance
in equine practice. Equine Vet. J. 2023, 55, 494–505. [CrossRef] [PubMed]

60. Freeman, K.D.; Southwood, L.L.; Lane, J.; Lindborg, S.; Aceto, H.W. Post operative infection, pyrexia and perioperative
antimicrobial drug use in surgical colic patients: Post operative infection, fever, perioperative antimicrobial drug use in surgical
colic patients. Equine Vet. J. 2012, 44, 476–481. [CrossRef] [PubMed]

61. Isgren, C.M.; Salem, S.E.; Archer, D.C.; Worsman, F.C.F.; Townsend, N.B. Risk factors for surgical site infection following
laparotomy: Effect of season and perioperative variables and reporting of bacterial isolates in 287 horses. Equine Vet. J. 2017, 49,
39–44. [CrossRef]

62. Isgren, C.M.; Salem, S.E.; Townsend, N.B.; Timofte, D.; Maddox, T.W.; Archer, D.C. Sequential bacterial sampling of the midline
incision in horses undergoing exploratory laparotomy. Equine Vet. J. 2019, 51, 38–44. [CrossRef]

63. Coomer, R.P.C.; Mair, T.S.; Edwards, G.B.; Proudman, C.J. Do subcutaneous sutures increase risk of laparotomy wound suppura-
tion? Equine Vet. J. 2010, 39, 396–399. [CrossRef]

64. Spadari, A.; Gialletti, R.; Gandini, M.; Valle, E.; Cerullo, A.; Cavallini, D.; Bertoletti, A.; Rinnovati, R.; Forni, G.; Scilimati, N.; et al.
Short-term survival and postoperative complication rates in horses undergoing colic surgery: A multicentre study. Animals 2023,
13, 1107. [CrossRef]

65. Torfs, S.; Delasalle, C.; Dewulf, J.; Devisccher, L.; Deprez, P. Risk factors for equine postoperative ileus and effectiveness of
prophylactic lidocaine. J. Vet. Int. Med. 2009, 23, 606–611. [CrossRef]

66. Cohen, N.; Lester, G.; Sanchez, L.; Merrit, A.; Roussel, A. Evaluation of risk factors associated with development of postoperative
ileus in horses. J. Am. Vet. Med. Assoc. 2004, 225, 1070–1078. [CrossRef]

67. Holcombe, S.; Rodriguez, K.; Haupt, J.; O’Campbell, J.; Chaney, K.P.; Sparks, H.D.; Haptman, J.G. Prevalence of and risk factors for
postoperative ileus after small intestinal surgery in two hundred and thirty-three horses. Vet. Surg. 2009, 38, 368–372. [CrossRef]

68. Salem, S.; Proudman, C.; Archer, D. Has intravenous lidocaine improved the outcome in horses following surgical management
of small intestinal lesions in a UK hospital population? BMC Vet. Res. 2016, 12, 157–168. [CrossRef]

69. Roussel, A.; Cohen, N.; Hooper, R.; Rakestraw, P. Risk factors associated with development of postoperative ileus in horses. J. Am.
Vet. Med. Assoc. 2001, 219, 72–78. [CrossRef]

70. Boorman, S.; Stefanovski, D.; Southwood, L.L. Clinical findings associated with development of postoperative reflux and
short-term survival after small intestinal surgery in geriatric and mature nongeriatric horses. Vet. Surg. 2019, 48, 795–802.
[CrossRef]

71. Malone, E.; Ensink, J.; Turner, T.; Wilson, J.; Andrews, F.; Keegan, K.; Lumsden, J. Intravenous continuous infusion of lidocaine
treatment of equine ileus. Vet. Surg. 2006, 35, 60–66. [CrossRef] [PubMed]

72. Lefebvre, D.; Pirie, R.; Handel, I.; Tremaine, W.; Hudson, N. Clinical features and management of equine postoperative ileus:
Survey of diplomates of the European Colleges of Equine Internal Medicine (ECEIM) and Veterinary Surgeons (ECVS). Equine
Vet. J. 2016, 48, 182–187. [CrossRef] [PubMed]

73. Lefebvre, D.; Hudson, N.; Elce, Y.; Blikslager, A.; Divers, T.J.; Handel, I.G.; Tremaine, W.H.; Pirie, R.S. Clinical features and
management of equine postoperative ileus (POI): Survey of diplomates of the American College of Veterinary Internal Medicine
(ACVIM), Veterinary Surgeons (ACVS) and Veterinary Emergency and Critical Care (ACVECC). Equine Vet. J. 2015, 48, 714–719.
[CrossRef] [PubMed]

74. Durket, E.; Gillen, A.; Kottwitz, J.; Munsterman, A. Meta-analysis of the effects of lidocaine on postoperative reflux in the horse.
Vet. Surg. 2020, 49, 44–52. [CrossRef]

75. Koenig, J.; Cote, N. Equine gastrointestinal motility–ileus and pharmacological modification. Can. Vet. J. 2006, 47, 551–559.
76. Johnston, G.M.; Eastment, J.K.; Wood, J.L.N.; Taylor, P.M. The confidential enquiry into perioperative equine fatalities (CEPEF):

Mortality results of Phases 1 and 2. Vet. Anaesth. Analg. 2002, 29, 159–170. [CrossRef]
77. Li, G.; Warner, M.; Lang, B.H. Epidemiology of anesthesia-related mortality in the United States, 1999-2005. Anesthesiology 2009,

110, 759–765. [CrossRef] [PubMed]
78. Dugdale, A.H.A.; Taylor, P.M. Equine anesthesia-associated mortality: Where are we now? Vet. Anaesth. Analg. 2016, 43, 242–255.

[CrossRef] [PubMed]
79. Dugdale, A.H.A.; Obhrai, J.; Cripps, P.J. Twenty years later: A single-centre, repeat retrospective analysis of equine perioperative

mortality and investigation of recovery quality. Vet. Anaesth. Analg. 2016, 43, 171–178. [CrossRef]
80. Matthews, N.S.; Mohn, T.J.; Yang, M.; Spofford, N.; Marsh, A.; Faunt, K.; Lund, E.M.; Lefebvre, S.L. Factors associated with

anesthetic-related death in dogs and cats in primary care veterinary hospitals. J. Am. Vet. Med. Assoc. 2017, 250, 655–665.
[CrossRef] [PubMed]

https://doi.org/10.1111/eve.13438
https://doi.org/10.1111/evj.13988
https://www.ncbi.nlm.nih.gov/pubmed/37587746
https://doi.org/10.1111/evj.13587
https://www.ncbi.nlm.nih.gov/pubmed/35575046
https://doi.org/10.1111/j.2042-3306.2011.00515.x
https://www.ncbi.nlm.nih.gov/pubmed/22150829
https://doi.org/10.1111/evj.12564
https://doi.org/10.1111/evj.12958
https://doi.org/10.2746/042516407X195123
https://doi.org/10.3390/ani13061107
https://doi.org/10.1111/j.1939-1676.2009.0311.x
https://doi.org/10.2460/javma.2004.225.1070
https://doi.org/10.1111/j.1532-950X.2008.00479.x
https://doi.org/10.1186/s12917-016-0784-7
https://doi.org/10.2460/javma.2001.219.72
https://doi.org/10.1111/vsu.13217
https://doi.org/10.1111/j.1532-950X.2005.00113.x
https://www.ncbi.nlm.nih.gov/pubmed/16409411
https://doi.org/10.1111/evj.12355
https://www.ncbi.nlm.nih.gov/pubmed/25256601
https://doi.org/10.1111/evj.12520
https://www.ncbi.nlm.nih.gov/pubmed/26502215
https://doi.org/10.1111/vsu.13286
https://doi.org/10.1046/j.1467-2995.2002.00106.x
https://doi.org/10.1097/ALN.0b013e31819b5bdc
https://www.ncbi.nlm.nih.gov/pubmed/19322941
https://doi.org/10.1111/vaa.12372
https://www.ncbi.nlm.nih.gov/pubmed/26970940
https://doi.org/10.1111/vaa.12285
https://doi.org/10.2460/javma.250.6.655
https://www.ncbi.nlm.nih.gov/pubmed/28263113


Animals 2023, 13, 3573 13 of 13

81. O’Donovan, K.A.; Aarnes, T.K.; Hubbell, J.A.; Parker, E.M.; Mollenkopf, D.; Lerche, P.; Pereira, C.H.R.; Bini, G.; Bednarski, R.M.
Risk of anesthesia-related complications in draft horses: A retrospective, single-center analysis. Vet. Anaesth. Analg. 2023, 50,
157–162. [CrossRef] [PubMed]

82. Bidwell, L.A.; Bramlage, L.R.; Rood, W.A. Equine perioperative fatalities associated with general anesthesia at a private
practice—A retrospective case series. Vet. Anaesth. Analg. 2007, 34, 23–30. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.vaa.2022.12.002
https://www.ncbi.nlm.nih.gov/pubmed/36577561
https://doi.org/10.1111/j.1467-2995.2005.00283.x

	Introduction 
	Materials and Methods 
	Retrospective Review of Case Records 
	Data Analysis 

	Results 
	Case Load Summary 
	Complications 
	Association of Perioperative Factors with Complications and Survival to Dismissal 
	Antimicrobial regimens 
	Other Perioperative Medications 

	Discussion 
	Conclusions 
	References

