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Antimicrobial Use in Horses Undergoing Colic Surgery
B.L. Dallap Schaer, J.K. Linton, and H. Aceto

Background: Recommendations for antimicrobial prophylaxis for surgery are well-described in human medicine, but
information is limited for veterinary practice.

Objective: To characterize antimicrobial use in horses undergoing emergency colic surgery.

Animals: A total of 761 horses undergoing emergency colic surgery (2001-2007).

Methods: Retrospective case review. Antimicrobial dose and timing, surgical description, and duration of treatment
were collected from medical records. Associations between antimicrobial use and the occurrence of fever, incisional inflam-
mation or infection, catheter-associated complications, or Salmonella shedding during hospitalization were analyzed using
rank-sum methods and logistic regression.

Results: A total of 511 (67.2%) horses received an inappropriate amount of drug preoperatively. Median time from
preoperative dose to incision was 70 (IQR 55-90) minutes; median total surgery time was 110 (IQR 80-160) minutes. Sev-
enty-three horses were euthanized under anesthesia because of poor prognosis. Of 688 horses, 438 should have been re-
dosed intraoperatively based on the duration of surgery. Only 8 (1.8%) horses were redosed correctly. Horses remained on
perioperative antimicrobials a median of 3 (IQR 2-4.5) days. Antimicrobial therapy was reinstituted in 193 (28.9%) horses,
and median days of total treatment were 3.8 (IQR 2-6). Signs that led to reinstituting therapy were fever (OR 3.13,
P =.001) and incisional inflammation/infection (OR 2.95, P = .001). Horses in which treatment was reinstituted had 2.3
greater odds of shedding Salmonella (P = .003). Increased surgical time was associated with longer duration of antimicro-
bial therapy (OR 1.02, P = .001).

Conclusions and Clinical Relevance: Despite published recommendations regarding antimicrobial prophylaxis, compli-
ance is poor; improvement might reduce postoperative complications.
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Pharmacology.

n both human and veterinary medicine, antimicro-

bial administration for prevention and treatment of
disease has led to important improvements in patient
outcome. Antimicrobial administration is not without
risk and indiscriminant antimicrobial use has been
implicated in the emergence of drug resistant organ-
isms commonly responsible for nosocomial infections
and burgeoning human health care costs. In recent
years, increased focus has been placed on the appropri-
ate use of antimicrobials and adherence to recom-
mended guidelines, including efforts in veterinary
medicine.! Guidelines for appropriate antimicrobial
use are targeted at maximizing therapeutic benefit,
while minimizing the risks of patient complications
and any negative impact on public health.

Perioperative prophylaxis is one of the most com-
mon reasons for antimicrobial administration, and
might account for up to 95% of overall use in human
surgical facilities. The goal of perioperative prophy-
laxis' is to decrease the likelihood of infection after
exposure to bacteria during the surgical period
(induction, surgery, recovery). In human patients,
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appropriate perioperative prophylaxis has been shown
to decrease the incidence of surgical site infection (SSI)
by almost 80% in clean-contaminated and contami-
nated surgeries when used in conjunction using aseptic
technique.*> Decreased SSIs correlate with shorter
hospitalization, reduced risk of postoperative compli-
cations, and lower treatment costs.*®’ Antimicrobial
prophylaxis is recommended for surgeries with an
increased risk of infection, procedures in which com-
plications associated with infection can be life threat-
ening, or those that involve implanted prosthetic
material.® To maximize efficacy of prophylaxis, antimi-
crobials should be selected based on the sensitivity of
likely bacterial contaminants, administered intrave-
nously in time to allow appropriate concentrations to
accumulate in serum and tissues before incision,
and be maintained at a therapeutic concentration
throughout the surgery.”'”

Reported compliance with prophylaxis guidelines in
human medicine is variable.!' The percentage of human
patients receiving preoperative doses within 60 minutes
of the start of surgery range from 56 to 98%."""!3 Pub-
lished guidelines regarding prophylactic antimicrobial
use in veterinary patients are few,"'*'® and in many
cases, recommendations are extrapolated from human
literature.'”?° In studies reporting on prophylactic anti-
microbial use in veterinary medicine, compliance with
guidelines varied with the species evaluated. Only 6.3%
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of horses undergoing elective arthroscopy received pre-
operative antibiotics within 60 minutes of the Ist inci-
sion, while 78% of dogs received their preoperative dose
within the appropriate time frame.!”"1¥

Colic surgery in the horse is typically an emergency
procedure, classified in the best circumstances as a
clean-contaminated surgical procedure. Suggested
guidelines for perioperative antimicrobial prophylaxis in
clean-contaminated procedures such as colic surgery are
presented in Table 1. Complications after colic surgery
that might be reduced by increasing the efficacy of anti-
microbial prophylaxis include SSI, peritonitis, thrombo-
phlebitis, and pneumonia. Antimicrobial therapy has
been identified as a risk factor for the development of
colitis?! and salmonellosis®*?? in the horse. In addition,
horses undergoing colic surgery are at increased risk for
shedding Salmonella.** Evaluation of antimicrobial use
in horses undergoing colic surgery and degree of adher-
ence to accepted guidelines is warranted in this popula-
tion of animals. The purpose of this retrospective study
was to describe antimicrobial use in horses undergoing
colic surgery and evaluate factors that influenced pre-
scribing behavior. Our hypothesis was that antimicro-
bial use and compliance would reflect published
guidelines for prophylaxis, but that clinical factors
would influence prescribing behavior.

Materials and Methods

A retrospective study was conducted at the George D. Wid-
ener Hospital of the University of Pennsylvania School of Veteri-
nary Medicine to evaluate antimicrobial use practices in horses
undergoing colic surgery. Medical records of horses having had
colic surgery between January 2001 and December 2007 were
reviewed. Horses administered antimicrobials before colic surgery
for preexisting conditions (including other surgical procedures),
or horses with a comorbidity not associated with colic surgery
that could have impacted prescribing behavior were excluded.

Information obtained from the medical record included
signalment, preoperative drug/dose information, number of
antimicrobial classes administered, time from antimicrobial

Table 1. Suggested guidelines for antimicrobial pro-
phylaxis in patients undergoing clean-contaminated

administration to Ist surgical incision, and duration of surgical
procedure. Based on the horse’s weight recorded in the medical
record and both expert opinion and published doses for com-
monly used antimicrobials (Table 2), it was determined if the
horse received an appropriate preoperative dose.

Surgical diagnosis was collected and categorized as follows: (1)
simple obstruction, (2) nonstrangulating small or large intestine
displacement, (3) small or large intestine inflammatory disease, or
(4) strangulating/vascular compromise of the small or large
intestine. Antimicrobial administration during surgery, such as
intravenous redosing, intra-abdominal antimicrobial lavage, or
peri-incisional antimicrobial infusion, was also recorded. To
determine if antimicrobials should have been redosed during sur-
gery, the time of preoperative administration was compared with
the total duration of surgery. Horses that were still in surgery
more than 2 x t'/? for time-dependent antimicrobials (Table 2)
were identified as needing to be redosed intraoperatively.>—°
With the exception of ceftiofur, all half-lives given in Table 2 are
based on IV administration. Because of presence of active metab-
olites, consensus data on the half-life of ceftiofur in adult horses
after IV administration are lacking. We therefore used the most
detailed information available after IM dosing to derive the half-
life for ceftiofur.®® Horses euthanized on the table were excluded
from this part of the analysis.

Surgical outcome was recorded as either recovering from anes-
thesia, or euthanasia during surgery; overall outcome was
recorded as discharged from the hospital, or euthanized postop-
eratively during hospitalization. Perioperative antimicrobial ther-
apy was defined as the number of days of continuous
antimicrobial administration starting with the preoperative dose
until treatment was discontinued. Changes in drug administered,
drug class, or dose were recorded. Reinstituting antimicrobial
therapy was defined as discontinuation of treatment for
> 24 hours, before reinitiating antimicrobial therapy in the
postoperative period. Total days of antimicrobial therapy during
hospitalization was also collected.

Information regarding the occurrence of fever, incisional com-
plications, thrombophlebitis or catheter-associated complications,
and Salmonella shedding were collected. Fever was defined as
rectal temperature > 101.5°F at any point in the postoperative

Table 2. Dose range and half-lives (time-dependent
drugs only) of antimicrobials used for surgical prophy-
laxsis and postoperative treatment in horses undergo-
ing colic surgery.

surgical procedures. Antimicrobial Drug Dose Range Half-Life (t)2)

Antimicrobials are indicated for all clean-contaminated surgical Potassium Penicillin G 22,000-44,000 IU/kg 40 minutes*
procedures Gentamicin 6.6-8.8 mg/kg —

Antimicrobial selection should be based on efficacy against Ceftiofur® 2.2-5.0 mg/kg 189 minutes*
common bacterial contaminants for the type of procedure Procaine Penicillin G 25,000 IU/kg 19.7 hours™®
performed Cefazolin 11.0-22.0 mg/kg 46 minutes®

Broad-spectrum antimicrobials are recommended, but Ampicillin 15.0-20.0 mg/kg 120 minutes*!
prophylactic therapy should consist of lower generation drugs, Enrofloxacin 5.0-10.0 mg/kg —
in an effort to minimize emergence of resistant bacterial strains Metronidazole 15.0-25.0 mg/kg —

Antimicrobials should be administered intravenously, ideally Ticarcillin-clavulanate®  50.0 mg/kg 60 minutes*?
within 30-60 minutes before the Ist surgical incision Amikacin 15.0-25.0 mg/kg —

Patients should be redosed intraoperatively if surgery is still Oxytetracycline® 6.6 mg/kg 12.95 hours*?

ongoing 2 half-lives after the preoperative dose

Standard aseptic technique and infection control measures should
be rigorously followed during clean-contaminated procedures;
antimicrobial therapy should not be expected to compensate for
poor technique

Adapted from references 1, 15, 26, and 27.

“The half-life given is for ceftiofur and metabolites after IM
administration, t'; of ceftiofur per se is 16 minutes.

®The half-life given is for ticarcillin, t% for clavulanic acid after
IV administration is 24 minutes.

“Tetracyclines have both time- and concentration-dependent
features.



Antimicrobials in Colic Surgery 1451

period. Incisional complications were characterized by any of the
following: drainage from incision, observation of clinical signs
that led the clinician to culture the incision (regardless of micro-
biological findings), continuation of antimicrobial therapy target-
ing incisional infection described in the medical record, or
evidence that the horse was discharged while being treated with
antimicrobials caused by a suspected incisional infection. For this
study, a catheter-associated complication was defined as inflam-
mation at the catheter site or along the jugular vein that required
treatment, or confirmed diagnosis of jugular vein thrombosis or
thrombophlebitis sonographically. From August 2004 to Decem-
ber 2007, infection control protocols required fecal sampling for
Salmonella from all horses admitted for colic both on admission
and twice weekly during hospitalization; additional samples were
collected based on the development of clinical signs of fever
> 102.5°F, leukopenia, or diarrhea. A single positive culture
result identified the animal as shedding Salmonella.

Statistical Analysis

A statistical software program was used to perform all statisti-
cal analyses." Descriptive statistics were determined for all vari-
ables. For categorical variables, 95% confidence intervals were
calculated using the Agresti-Coull method. Descriptive statistics
were used to assess both preoperative dose, and timing relative to
Ist surgical incision. Similarly, intraoperative antimicrobial use,
such as redosing during surgery, and administration of intra-
abdominal or peri-incisional drug, were reported descriptively. As
clinical efficacy of an antimicrobial drug relates to dose and tim-
ing of administration, 2 new categorical variables were created
that were defined as the horse receiving both the correct dose,
and within either 30 or 60 minutes of the Ist incision. Wilcoxon
rank-sum methods were used to determine preliminary associa-
tions between preoperative antimicrobial administration and
complications. Logistic regression was used to quantify associa-
tions where applicable. The association between reinstituting
antimicrobial therapy or changing antimicrobial class in the post-
operative period, and development of clinical findings such as
fever, evidence of incisional complication, catheter-associated
complication or Salmonella shedding were similarly examined.

To evaluate the relationships of surgical diagnosis and dura-
tion to prescribing pattern, antimicrobial use was classified as:
0 = perioperative antimicrobials < 24 hours, 1 = 24-72 hours
perioperative antimicrobials, and 2 = >72 hours antimicrobial
administration. A proportional odds model (ordered logistic
regression) was used to determine the association between surgi-
cal duration and prescribing pattern. Spearman’s correlation and
Kendall’s tau were used to determine whether surgical diagnosis
(disease category) was correlated with antimicrobial prescribing
pattern.

The relationship between reinstituting antimicrobial therapy or
changing antimicrobial class during hospitalization, and presence
or absence of postoperative complication, was analyzed using
Wilcoxon rank-sum methods to determine preliminary associa-
tions, and quantified using logistic regression where applicable. A
P value of < .05 was considered significant for all comparisons.

Results

A total of 761 horses with a median age of
8 years (IQR: 3-13 years, range 0.5-32 years) met the
inclusion criteria. A total of 348 females (45.7%), 111
males (14.6%), and 302 geldings (39.7%) comprised
the study population. Thoroughbreds were the most
common breed (n = 351, 46.1%), followed by Stan-
dardbred (n =288, 11.6%), Quarter Horse/Quarter

Horse cross (n =82, 10.8%), Warmblood (n = 73,
9.6%), pony or miniature horse (n = 48, 6.3%), and
Arabian breeds (n = 43, 5.7%). Draft or draft crosses
(n =17, 2.2%) and a variety of other breeds (n = 59,
7.8%) made up the remainder of the study population.

A total of 599 horses received potassium penicillin
G (IV) and gentamicin (IV) preoperatively, 81 received
a combination of procaine penicillin G and gentami-
cin, 16 were given ceftiofur and gentamicin, and 21
received cefazolin and gentamicin. Other less com-
monly used preoperative antimicrobials were amikacin,
enrofloxacin, oxytetracycline, and ticarcillin-clavula-
nate (Table 3). Average doses for the most commonly
used antimicrobials used were as follows: potassium
penicillin G 24,800 iu/kg; gentamicin 7.3 mg/kg;
ceftiofur 3.1 mg/kg, and cefazolin 21.6 mg/kg.

Based on the dose ranges shown in Table 2, only
250/761 horses (32.9%) received the appropriate dose
for antimicrobials administered. For the most common
antimicrobial combination (potassium penicillin G and
gentamicin  administered intravenously), 207/599
(34.6%) horses were given the appropriate dose of
both drugs. Two hundred and fifty (41.7%) horses
were dosed inappropriately for 1 drug. In 182 horses
in which the penicillin dose was correct, 122 horses
were underdosed with gentamicin, and 62 were over-
dosed. When the dose of gentamicin was appropriate,
64 horses received too low a dose of penicillin, and 2
were given a dose higher than the reference range. The
dose of both drugs was inappropriate in 142 (23.7%)
horses; in 123, both antimicrobials were too low, 8
both were too high, 10 penicillin was low and gentami-
cin was high, and 1 penicillin was high and gentamicin
low. For all horses given the potassium penicillin G,
gentamicin drug combination, underdosing was the
most common error (320/406 errors, 78.8%). Gentami-
cin was underdosed 41.1% of the time (246/599 horses)
and penicillin 32.9% of the time (197/599 horses).

In horses underdosed with penicillin or gentamicin,
the mean difference between the amount of drug given
and the lowest acceptable dose (Table 2) was 2.3 TU

Table 3. Preoperative combinations of antimicrobials
used for surgical prophylaxis in horses undergoing
colic surgery (N = 761).

Surgical Colics

Preoperative Antimicrobial Combination Treated N (%)

Potassium Penicillin and Gentamicin 599 (78.7)
Potassium Penicillin and Ceftiofur 1(0.1)
Potassium Penicillin and Enrofloxacin 6 (0.8)
Potassium Penicillin and Amikacin 5(0.7)
Potassium Penicillin alone 7 (0.9)
Cefazolin and Gentamicin 21 (2.8)
Ceftiofur and Gentamicin 16 (2.1)
Ceftiofur alone 9 (1.2)
Ampicillin and Gentamicin 1(0.1)
Procaine Penicillin G and Gentamicin 81 (10.6)
Procaine Penicillin G alone 8 (1.1)
Ticarcillin and Clavulanic Acid 1(0.1)
Gentamicin alone 6 (0.8)
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(95% CI 2.1-2.6, range 0.1-12, average 10.7% lower
than the bottom of the dose range) for penicillin and
1.1 mg/kg (95% CI 0.9-1.2, range 0.1-5.9, average
16.1% lower than the bottom of the dose range) for
gentamicin. In horses that received doses above the
reference range, the difference for penicillin was
10.7 TU (95% CI 1.5-19.9, range 1-44, average 24.3%
higher than the top of the dose range) and for genta-
micin was 3.3.mg/kg (95% CI 0.9-5.7, range 0.1-54.4,
average 37.4% higher than the top of the dose range).

Of the 162 horses that received a less common anti-
microbial combination (Table 3), 30 received a single
preoperative medication, which was appropriately
dosed on 12 (40%) occasions and inappropriately
dosed on 18 (60%). One hundred and thirty-two were
given a combination of antimicrobials, doses of which
were appropriate in 31 (23.5%) cases, 1 antimicrobial
was inappropriately dosed in 53 (40.2%) cases and
both were inappropriate in 48 (36.4%) cases. The most
common error observed in horses receiving periopera-
tive antimicrobials other than the potassium penicillin
G/gentamicin combination was again underdosing
(134/167 errors, 80.2%). For all preoperative antimi-
crobials given, 79.2% of the errors were those of
underdosing.

Horses were administered the preoperative dose a
median of 70.0 minutes (IQR 55-80 minutes, range 0—
455 minutes, mean 77.8 + 1.5 minutes, sd 42.1 min-
utes) before the start of the surgical incision. The larg-
est proportion of horses undergoing emergency colic
surgery had a strangulating or vascularly compromis-
ing lesion (n =317, 41.7%), followed by simple
displacement or malposition of either the large or
small bowel (n =249, 32.6%). One hundred and fifty-
two (20%) horses taken to surgery had a simple intra-
luminal obstruction, whereas far fewer were explored
for what was ultimately identified as a primary
inflammatory lesion (n = 43, 5.7%). Total surgery time
was a median of 110 minutes (IQR 80-160, range 35—
400 minutes, mean 125.7 = 2.4 minutes, sd 62.7 min-
utes). Based on surgical findings and associated
prognosis, 73 horses were euthanized under anesthesia.
Of the 688 remaining horses in which surgical treat-
ment was pursued, 438 (63.7% = 1.8, 95% CI 60.0—
67.2) should have been redosed with a time-dependent
antimicrobial based on surgical duration and drug
half-life (because of the long half-life, horses receiving
procaine penicillin G were classified as not requiring
redosing). Twelve horses were redosed intraoperatively
(1.7% + 0.5, 95% CI 1.0-3.1); interestingly, 4 of these
horses did not need to be redosed, indicating that only
8 horses were redosed correctly. Ninety-nine
(14.4% + 1.3, 95% CI 12.0-17.2) horses received
additional intra-abdominal antimicrobials in the form
of lavage. Combination of potassium penicillin G
(5-20 TU) and gentamicin (0.5-2 g) was the most com-
mon intra-abdominal treatment (70/99 horses, 70.7%).
Other agents used intra-abdominally included combi-
nations of cefazolin and gentamicin (n = 6), ceftiofur
and gentamicin (n = 1), as well as potassium penicillin
G (n = 4), gentamicin (n = 4), cefazolin (n = 7), ceftio-

fur (n = 1) and triple antibiotic (n = 1) given alone.
On 5 occasions, the anesthesia record indicated that
intra-abdominal lavage of antimicrobials had taken
place, but the agents used were not recorded. Although
doses of antimicrobial administered intra-abdominally
are given here, they were only recorded 47.4% of the
time; hence, the accuracy of the dose information
remains uncertain. There were also 13 horses
(1.9% £ 0.5, 95% CI 1.1-3.2) that had an antimicro-
bial drug placed peri-incisionally; only amikacin (500—
750 mg) was used for this purpose.

Horses remained on perioperative antimicrobials a
median of 3.0 continuous days (IQR 2.0-4.5 days,
range 0-32 days, mean 3.8 days = 0.1, 95% CI 3.6—
4.0, sd 29 days). Four hundred and (fifteen
(60.3% + 1.9, 95% CI 56.6-63.9) horses developed
fever (T > 101.5°F) during the postoperative period.
Of 688 horses recovered from surgery, 107
(15.5% + 1.4, 95% CI 13.0-18.4) developed clinical
signs consistent with incisional infection during hospi-
talization, and 77/688 (11.2% + 1.2, 95% CI 9.0-13.8)
horses either required treatment for a catheter-associ-
ated complication or had a confirmed diagnosis of
thrombophlebitis sonographically. Horses were hospi-
talized for a median of 7.0 days (IQR 5-10 days, range
0-71, mean 8.9 days=+0.3, 95% CI 8.1-9.1, sd
7.0 days). Of the 761 horses undergoing colic surgery
from 2001 to 2007, 82.1% (n = 625) were discharged.
Seventy-three horses were euthanized under general
anesthesia at the recommendation of the surgeon. In
the 688 horses in which surgical treatment was pur-
sued, 42 horses (6.7%) required repeat celiotomy at
least once (excluded from further analysis), and 63
were euthanized in hospital during the recovery period.
The survival rate of horses treated surgically was
90.8%, with 9.2% euthanized postoperatively.

Preoperative timing was investigated in 2 ways: as
the horse receiving the preoperative drug 30 minutes
before 1Ist surgical incision, and the horse receiving the
preoperative drug 60 minutes before Ist surgical inci-
sion. With the more rigid criterion of 30 minutes
before the start of surgery, only 23 horses received an-
timicrobials at the correct dose and correct time
(3.0%), with 738 horses (97.0%, 95% CI 95.8-98.2%)
receiving either the incorrect dose or the drug more
than 30 minutes before the 1st surgical incision. Using
the timing criterion of 60 minutes before incision, 88
horses were medicated correctly (11.6%), with 673
(88.4%, CI 86.2-90.7%) medicated incorrectly. There
were no statistically significant associations between
preoperative antimicrobial use pattern and postopera-
tive complications, regardless of the timing criterion
used.

Prescribing pattern (0-2) during hospitalization was
not correlated with surgical diagnosis identified intra-
operatively (Spearman’s P = .120, Kendall’s tau
P = .220). Prescribing pattern was associated with
duration of the surgery; for every additional minute of
surgical time, the horse had a 2% increase in the log
odds of staying on antimicrobials for a longer period
of time (OR = 1.02, 95% CI 1.01-1.02, P < .001).
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In the postoperative period, antimicrobial therapy
was reinstituted in 193 horses (28.9 + 1.8, 95% CI 25.4
—32.3). Febrile (>101.5°F) horses had 3 times greater
odds of having antimicrobial therapy reinitiated
(OR =3.13, 95% CI 2.13-4.60, P < .001) compared
with those that remained afebrile in the postoperative
period. Similarly, horses with clinical signs consistent
with incisional infection were also at increased odds
for having antimicrobial treatment reinstituted,
OR = 3.30, 95% CI 2.15-5.07, P < .001. There was no
association between signs of catheter-associated
complication and reinstitution of antimicrobial therapy
(P = .440). One hundred and sixty-nine horses
(24.6% + 1.6, 95% CI 21.5-27.9) underwent a change
in antimicrobial class in the postoperative period.
Change in class was similarly associated with fever or
signs of incisional infection (OR = 2.98, 95% CI 1.99-
445, P<.001 and OR =295, 95% CI 1.91-4.53,
P < .001, respectively), but was not significantly associ-
ated with signs of catheter-associated complication.
There were no apparent associations (P > .05) between
change in antimicrobial dose (N =53, 7.0% + 0.9,
95% CI 5.4-9.0) and any postoperative complication.
Salmonella status was only evaluated after implementa-
tion of active surveillance in August 2004 (n = 365
horses). Seventy-four horses were confirmed as positive
on fecal culture (20.3% + 2.1, 95% CI 16.1-24.4).
Horses reinstituted on antimicrobials were at increased
odds for shedding Salmonella, OR = 2.3, 95% CI 1.3—
4.0, P =.003. There were no associations between
change in antimicrobial class (P = .362) or change in
dose (P = .690), and Salmonella status.

Discussion

This study revealed the majority of horses treated
for surgical colic in our hospital received inaccurate
antimicrobial prophylaxis, both in terms of dose
received and when the drug was given. As clinical tri-
als evaluating antimicrobial use in veterinary patients
are limited,"> 183! many institutions base antimicrobial
use on consensus statements,! recommendations for
human patients,'”**?** or common practice. The
need for surgical prophylaxis has been demonstrated
in veterinary surgery. ©~ Moreover, the efficacy of tim-
ing and duration of antimicrobial prophylaxis has been
reported; a single, preoperative dose of antibiotic
proved as effective as a longer course of treatment in
reducing complications after rumentomy in cattle’!”
Based on a recent meta-analysis in human patients,
which concluded that the efficacy of antimicrobial pro-
phylaxis was independent of surgery type,’” it seems
justified to apply general published recommendations
to colic surgery in the horse (Table 1). Following dis-
cussions on antimicrobial prophylaxis in formal rounds
settings and section meetings, the general consensus in
our hospital was that a horse undergoing colic surgery
was appropriately dosed within 60 minutes of the start
of surgery. The clinical impression of surgeons and
criticalists during these discussions was that the guide-
lines for antimicrobial prophylaxis were being

observed. Until this study, no formal evaluation of
how well in-hospital prescribing practices adhere to
published guidelines had been performed at our insti-
tution. Information reported here describes deviation
from both the in-hospital perception of antimicrobial
administration, and published recommendations for
prophylaxis.

The majority of horses in this study received an
inaccurate antimicrobial dose preoperatively. Under-
dosing was the most common dosing mistake made for
all combinations of antimicrobial prophylaxis. Given
that this was a retrospective study, it was impossible
to know for certain the precise cause of the error in all
cases, but failure to weigh the horse before surgery
and failure to calculate the dose correctly (versus what
appeared to be an estimate) were both observed in the
medical record. Granted, in some violent colic
patients, obtaining a weight might be impossible, but
certainly in some cases it was overlooked or deemed
inconvenient. Weighing a horse (and recording the
weight in the record) can be made part of the standard
admission, thus increasing the ease and accuracy of
drug calculation.

In addition to horses receiving the incorrect dose of
antimicrobials preoperatively, often the timing of
administration was inadequate. Horses frequently
received the preoperative dose more than an hour
before the start of surgery (mean interval, 77.8 min-
utes) even though these patients were being taken to
surgery on an emergency basis. Only 88 (11.6%)
horses in the study received the appropriate preopera-
tive dose within 60 minutes of the start of surgery.
The association between administering penicillin under
general anesthesia and the development of hypotension
often results in preoperative antimicrobials being given
before induction. In the original study® evaluating the
physiologic effects of sodium penicillin administered
under general anesthesia in 5 horses, mean arterial
pressure did undergo a statistically significant decrease
(8-15 mmHg, depending on the horse), but the clinical
importance of this might be animal-dependent. The
authors’ recommendations® were to monitor blood
pressure if penicillin is to be administered under anes-
thesia. Interestingly, the degree to which mean arterial
pressure decreased with the administration of sodium
cefazolin was similar, but did not reach statistical
significance.

As a result of the findings reported here, a formal
protocol for prophylactic antimicrobial therapy was
developed in our hospital. The protocol was reviewed
by the relevant sections (Anesthesia, Emergency/Criti-
cal Care, Surgery) and those involved in performing
colic surgery. In horses undergoing emergency colic
surgery, the preoperative dose is now administered
following induction and instrumentation with cardio-
vascular monitoring equipment. Once appropriate
mean arterial pressures are confirmed, the preoperative
medications are slowly given while the patient is
closely monitored and prepared aseptically for surgery.
If the anesthesiologist has concerns regarding the
cardiovascular stability of the patient, an alternative
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antimicrobial can be administered. To date, this
approach has not been associated with observed hemo-
dynamic complications, but is in the process of pro-
spective evaluation. Similar recommendations for
antimicrobial prophylaxis given on or shortly after
induction seem to be safe in human patients.?

Given the pharmacokinetic data®-3%343¢ available
for the most commonly used prophylactic antimicrobi-
als (potassium penicillin G, gentamicin); we also chose
to evaluate how many horses received the appropriate
dose of antimicrobials within 30 minutes of the start
of surgery. Very few horses fell into this category, with
only 23 (3.0%) meeting this criterion. Therapeutic
drug concentrations for penicillin®* and gentamicin®®
reach peak levels at the surgical site from 15 to
30 minutes after administration, and decline rapidly.
Our recently implemented protocol targets a 30-
minute interval from administration to 1st surgical
incision in an attempt to maximize antimicrobial effi-
cacy. Although no association was identified between
preoperative dose and timing and the occurrence of
postoperative complications, the number of horses
correctly dosed at either 30 or 60 minutes before the
Ist incision was very small (3.0 and 11.6%, respec-
tively). We might therefore have failed to detect any
positive effect of appropriate administration on
decreasing the complication rate.

In some horses, additional antimicrobial therapy
was used during surgery, either in the form of intraop-
erative abdominal lavage, or placed along the incision
during closure. Unfortunately, because of the retro-
spective nature of this study and our suspicion that
this information was not reliably entered in the record,
we were unable to determine the actual frequency with
which these treatments were administered, or draw any
conclusions regarding efficacy.

Similar to a previously reported study,'® compliance
was poor with respect to published recommendations on
redosing of antimicrobials during surgery. Animals
should be redosed with time-dependent antimicrobials
intraoperatively if surgical duration exceeds 2 half-lives
of the drug.®® Redosing only occurred in 12 (1.7%)
horses, 4 of which were not required to be redosed at
that time. It is impossible to determine in a retrospective
study the exact cause of poor compliance. Surgeons
might not be aware that the half-life of penicillin, the
time-dependent antimicrobial most commonly used in
surgical prophylaxis, is reported to be 30-40 minutes in
horses.?>3*% The findings of this study suggest that
antimicrobial concentrations could have been subthera-
peutic during portions of the procedure considered at
high risk for causing infection, such as complicated
resection and anastomosis, or recovery from anesthesia.

In the majority of cases, antimicrobial therapy was
continued for > 24 hours after surgery (mean 3.8 days).
The benefit of prolonged antimicrobial therapy in the
postoperative period has not been supported in the liter-
ature,>*”1% even in clean-contaminated surgeries.’’
Given concerns over the emergence of multidrug
resistant bacteria in veterinary medicine,"'* antimicro-
bial administration should be evidence-based and

risk-adverse, particularly, in a patient population that
might be more susceptible to shedding Salmonella.**

Postoperative complications associated with clini-
cians choosing to prolong or reinstitute therapy were
fever and signs of incisional inflammation/infection.
While these are logical drivers of prescribing pattern,
documentation of the incorrect dose, inappropriate
timing preoperatively, lack of intraoperative redosing,
and continuation of antimicrobials well into the post-
operative provides strong evidence of misguided anti-
microbial prophylaxis. This study revealed a relatively
high incisional complication rate (15.6%), which might
be underestimated because it is a large retrospective
focused on data collected during hospitalization. As a
result, incisional complications that developed after the
horse was discharged would not have been included.
The incisional complication rate, possibly indicative of
ineffective antimicrobial prophylaxis, and increased
risk of shedding Salmonella in patients reinstituted on
antimicrobials, a further complication of antimicrobial
use, suggest that closer scrutiny of antimicrobial use in
the large animal veterinary setting is warranted.
Additional studies are needed to confirm suggested
guidelines are effective in large animal surgical
patients. More importantly, antimicrobial use policies
should be evaluated with the assurance of appropriate
compliance. This study demonstrates there is often dis-
crepancy between perceived adherence (ie, clinical
impression) to commonly published recommendations
and actuality (ie, evidence-based medicine).

It is possible that the level of critical illness in horses
undergoing colic surgery could play a role in antimicro-
bial efficacy. In human patients, degree of critical
illness,*® volume of intravenous fluid resuscitation® and
general anesthesia® have been identified as altering
pharmacokinetics of commonly used antimicrobials. All
these factors could play a role in the efficacy of antimi-
crobial prophylaxis in the horse undergoing colic sur-
gery. Additional studies are needed to evaluate
pharmacokinetics of commonly used antimicrobials in
this patient population, and the possible influence of
resuscitation and critical illness on efficacy of prophy-
laxis. While the cardiovascular effects of penicillin have
been studied in horses under general anesthesia,* the
influence of critical illness or volume of fluid resuscita-
tion on penicillin pharmacokinetics has not been evalu-
ated. In addition, periodic review of antimicrobial
susceptibility patterns from bacteria recovered from sur-
gical site infections could help inform prophylactic anti-
microbial choices for colic surgery. Findings reported
here also emphasize the importance of compliance mon-
itoring with respect to antimicrobial guidelines for surgi-
cal prophylaxis; ample room for improvement exists.

Footnote

4 STATA IC, version 11.2, College Station, TX
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