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Background: Preoperative treatment with oral neomycin combined with
erythromycin or metronidazole is recommended to decrease the risk of surgical site
infections (SSIs) in elective colorectal surgery. However, oral neomycin is not com-
mercially available in Canada, and therefore it is not routinely used. Fluoroquinolones
are widely available and have excellent activity against aerobic Gram-negative bac-
teria. The aim of this systematic review was to identify, critically appraise and
summarize the evidence on the efficacy and safety of preoperative use of oral fluoro-
quinolone antibiotics for the prevention of SSIs in adult patients undergoing elective
colorectal resection.

Methods: Following Cochrane guidelines, we included English-language random-
ized controlled trials (RCTs) comparing oral fluoroquinolones plus routine pre-
operative intravenous antibiotics against intravenous antibiotics alone from
MEDLINE (Ovid), Embase (Ovid), the Cochrane Central Register of Controlled
Trials (Ovid) and Clinical Trrials.gov.

Results: We included 3 RCTs (1136 patients). Risk of bias was uncertain in 2 trials
and high in 1 trial. Preoperative oral fluoroquinolones led to significantly decreased
total SSIs (risk ratio [RR] 0.43, 95% confidence interval [CI] 0.32-0.57, I> = 0%),
superficial incisional (RR 0.38, 95% CI 0.22-0.68, I = 32%), deep incisional (RR 0.19,
95% CI 0.06-0.65, I> = 0%) and organ/space SSIs (RR 0.34, 95% CI 0.12-0.90,
P = 33%). There was also a significant reduction in anastomotic leaks (RR 0.22,
95% CI0.06-0.87, P = 0%). No antibiotic-related adverse events were reported.

Conclusion: This review suggests that preoperative oral fluoroquinolones with intra-
venous antibiotics are superior to intravenous antibiotics alone for preventing SSIs
after colorectal surgery. If neomycin is unavailable, oral fluoroquinolones should be
considered as a reasonable alternative. Future trials are required to further compare
the relative efficacy of oral antibiotic regimens.

: Un traitement préopératoire par néomycine orale associée a de
Contexte : Un trait t t y 1 d

érythromycine ou du métronidazole est recommandé pour réduire le risque
I’érythromy d tronidazole est dé p d 1 q
d’infection du site opératoire (ISO) lors de la chirurgie colorectale non urgente. Or,
a néomycine orale n’est pas disponible sur le marché au Canada et par conséquent,
1 N le n’est pas d bl 1 h Canada et t
n’est pas utilisée. Les fluoroquinolones sont facilement accessibles et exercent une
excellente activité contre les bactéries aérobies a2 Gram négatif. Le but de cette revue
systématique était d’identifier, d’évaluer de fagon critique et de résumer les données
probantes sur Defficacité et I'innocuité de ’administration préopératoire de fluoro-
quinolones orales pour la prévention des ISO chez des adultes soumis a une résection
colorectale élective.

Méthodes : Conformément aux lignes directrices Cochrane, nous avons inclus les
essais randomisés et contrdlés (ERC) de langue anglaise ayant comparé des fluoro-
quinolones orales en association avec les antibiotiques intraveineux préopératoires
habituels et aux antibiotiques intraveineux seuls, recensés dans les bases de données
MEDLINE (Ovid), Embase (Ovid), le Registre central Cochrane des essais contrdlés
(Ovid) et Clinical Trials.gov.

Résultats : Nous avons inclus 3 ERC (1136 patients). Le risque de biais était incer-
tain pour 2 essais et élevé pour 1 essai. Les fluoroquinolones orales préopératoires ont
donné lieu 2 une diminution significative du nombre total d’ISO (risque relatif [RR]
0,43, intervalle de confiance [IC] de 95 % 0,32-0,7, P = 0 %), superficielles (RR 0,38,
1C de 95 % 0,22-0,68, I* =32 %), profondes (RR 0,19, IC de 95 % 0,06-0,65, I* = 0 %)
et des cavités/organes (RR 0,34, IC de 95 % 0,12-0,90, I = 33 %). On a aussi noté une
réduction significative des fuites anastomotiques (RR 0,22, IC de 95 % 0,06-0,87, I’ =
0%). Aucun effet indésirable lié a 'antibiothérapie n’a été signalé.
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Conclusion :

Selon cette revue, les fluoroquinolones orales préopératoires avec

antibiothérapie intraveineuse sont supérieures aux antibiotiques intraveineux seuls
pour la prévention des ISO apres la chirurgie colorectale. En 'absence de néo-
mycine, les fluoroquinolones orales représentent une solution de rechange accep-
table. Il faudra procéder a d’autres essais pour mieux comparer efficacité relative
des différents schémas d’antibiothérapie orale.

olorectal surgical procedures are associated with
some of the highest rates of surgical site infec-
tions (SSIs) of any intra-abdominal procedures,
which are frequently caused by anaerobic bacterial flora
and Gram-negative bacilli from the colon.! Most com-
monly an SSI results in a subcutaneous abscess at the skin
incision. This can be drained easily at the bedside but
may require weeks of wound care to heal, leading to
patient distress and substantial cost to the medical sys-
tem.”’ SSIs are also associated with a doubling of the
perioperative mortality risk, higher rates of intensive care
unit admission and hospital readmission, and longer hos-
pital lengths of stay.** Owing to the volume of pro-
cedures performed, SSIs account for the majority of
nosocomial infections in North America.®
Before routine preoperative administration of anti-
biotics, SSI rates were as high as 36%.” Preoperative oral
antibiotics in combination with mechanical bowel prepa-
ration (MBP) and intravenous antibiotics have been used
since the 1970s and are proven to reduce SSI rates after
colorectal surgery.® Neomycin in combination with either
metronidazole or erythromycin has emerged as the pre-
ferred oral antibiotic regimen and is recommended
before all major elective colorectal resections in guide-
lines by both the American College of Surgeons and the
American Society of Colon and Rectal Surgeons.”!?
However, despite multiple randomized controlled trials
(RCTs) and systematic reviews showing substantial bene-
fit,"!! there is poor agreement globally on this practice.!?
Neomycin, an aminoglycoside antibiotic that is central
to the most well-studied preoperative oral antibiotic regi-
men, is not commercially available in oral formulation in
some regions, including Canada and China.** In Canada,
preoperative oral antibiotics are not always used before
elective colorectal resection, in part because of the feas-
ibility of obtaining the requisite drugs."”* Some groups use
specialized compounding pharmacies to create their own
neomycin compounds; however, these take time to pre-
pare so must be planned in advance, and this possibility is
not widely accessible."* However, routine preoperative
intravenous antibiotics alone are inadequate for prevent-
ing SSIs following colorectal surgery.!! Therefore, these
patients may benefit from more readily available
evidence-based preoperative oral antibiotic options.
Fluoroquinolones are broad-spectrum antibiotics with
excellent activity against aerobic Gram-negative bacteria
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and are frequently used in the management of intra-
abdominal infections. Furthermore, they are widely avail-
able, well tolerated and inexpensive."” This antibiotic
class alone or in combination with another antibiotic with
broad anaerobic coverage (e.g., metronidazole) is
expected to mimic the beneficial antibiotic activity of the
previously studied macrolide—aminoglycoside antibiotic
preparations.'¢ However, the use of oral fluoroquinolones
in the preoperative bowel preparation for elective
colorectal surgery has not been systematically reviewed in
the literature. The aim of this study was to identify and
critically appraise evidence on the efficacy and safety of
preoperative regimens containing oral fluoroquinolone
antibiotics plus routine preoperative intravenous anti-
biotics, compared with preoperative intravenous anti-
biotics alone, in adult patients undergoing elective
colorectal resection for the prevention of SSIs.

METHODS

We registered a protocol for this systematic review in the
International Prospective Register of Systematic Reviews
(PROSPERO: CRD42021258036). The review was con-
ducted according to guidelines enumerated in the
Methodological Expectations of Cochrane Intervention
Reviews (MECIR)!'718 and reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.!” The research
question developed a priori was as follows: In adult
patients (aged > 18 yr) undergoing elective colorectal
resection, what is the effectiveness of preoperative oral
fluoroquinolone antibiotics for the prevention of SSIs,
compared with intravenous antibiotics alone, and control-
ling for antibiotic-related adverse events?

Population, interventions, comparators, settings
and trial design

We included randomized controlled trials with adult
patients (= 18 yr) who underwent elective colorectal sur-
gery for any indication. In the case of trials where some
patients met the inclusion criteria and others did not (e.g.,
mix of children and adults), we included in the analysis
those where 80% or more of trial participants met the
inclusion criteria. Patients must have received pre-
operative oral fluoroquinolones plus routine preoperative



intravenous antibiotics or intravenous antibiotics alone.
The use of any antibiotic from this class was included.
Co-administration of an oral fluoroquinolone with
another oral antibiotic drug was permitted. Both groups
must also have received a preoperative intravenous dose
of antibiotics. All practice settings were included. Emer-
gent operations and animal trials were also excluded. As
the role of mechanical bowel preparation (i.e., osmotic
laxatives or enemas) in SSIs is unclear, its use did not
affect trial inclusion.!

Outcomes

The primary outcomes were total, superficial incisional,
deep incisional and organ space SSIs. Secondary out-
comes were anastomotic leaks, mortality, readmissions to
hospital, reoperations, postoperative ileus events, urinary
tract infections, pulmonary infections and patient-
reported quality of life. Safety outcomes included post-
operative Clostridium difficile infections, tendinopathy,
aortic rupture and allergic reactions. Trials were
excluded if none of the outcomes were available from the
trial report or through communication with the trial’s
corresponding author.

Search strategy

A MEDLINE search strategy was designed and under-
went peer review by an independent information profes-
sional.?® Database searches were conducted in MEDLINE
(Ovid), Embase (Ovid) and the Cochrane Central Register
of Controlled Trials (Ovid). Unpublished or ongoing clin-
ical trials were identified by searching ClinicalTrials.gov.
The final search strategy is presented in Appendix 1
(available at canjsurg.ca/lookup/doi/10.1503/¢js.019721/
tab-related-content). The literature was searched from
database inception until June 10, 2021. All retrieved
records were imported into Endnote (X9, Thomson
Reuters) and deduplicated.

Trial selection and data abstraction

Citations were imported into Rayyan Online
(Rayyan),’! and 2 reviewers (G.J., J.Z.) independently
screened citations for eligibility in duplicate using a
2-stage approach. First, titles and abstract were
reviewed, then potentially relevant full-text articles
were examined to determine if they met the inclusion
criteria. The rationale for determining that full-text
articles were ineligible for inclusion was recorded. Data
were extracted by 2 independent reviewers (G.]J., J.Z.)
using a standardized pilot-tested form. Disagreements
at all phases were resolved through consensus or with
assistance from a third party (A.M.A.-S.) if consensus
could not be achieved.

RESEARCH

Risk of bias assessment

The Cochrane Risk of Bias Tool for Randomized
Trials (RoB 2)*? was used by 2 independent reviewers
(G.J., J.Z.) to assess risk of bias in the included
trials.?® Investigators categorized each RCT using the
following criteria: sequence generation, allocation
concealment, blinding of participants and personnel,
blinding of outcome assessors, incomplete data, non-
comparable groups, performance bias, and detection
bias. A final risk of bias assessment was determined
for each RCT, with discrepancies between reviewers

resolved by discussion and a third investigator
(A.M.A.-S.), if necessary.

Statistical analysis

Data were analyzed using RevMan (version 5.3.5). The
analysis plan was determined a priori. Pooled continu-
ous data were expressed as mean differences (MDs), or
standardized mean differences (SMDs) where multiple
scales were used to measure the same outcome, with
95% confidence intervals (CIs). Pooled dichotomous
data were presented as risk ratios (RRs), or for rare out-
comes as Peto odds ratios (ORs). When the RR was sig-
nificant, we also calculated the risk difference (RD).
Statistical heterogeneity of the data was explored and
quantified, using the I test.**

One trial used nonstandard language to define the
outcomes of superficial and deep SSIs, but it did report
“wound” infections.” The same trial had a high risk of
bias owing to excluded outcome data. In this case, we
performed a post hoc sensitivity analysis to test the
robustness of the results.

We planned to assess publication bias by viewing the
overlap of the trial CIs and using funnel plot tech-
niques.’® We also planned to conduct subgroup analyses
for the various oral antibiotic regimens that were
administered. Owing to the small number of trials
retrieved, neither publication bias nor subgroup analyses
were performed.

REsuLTS

Among the 2644 citations identified in the literature
search, 3 RCTs met the inclusion criteria!'®?%?7
(Figure 1). Summary characteristics of the included
trials are shown in Table 1 and Table 2. Ciprofloxacin
and levofloxacin were the only oral fluoroquinolone
antibiotics used. Each trial used different regimens for
oral antibiotics, intravenous antibiotics and MBP. Oral
antibiotics were always given the day before surgery.
The included trials were conducted in Scotland, Spain
and China. All were parallel group RCTs. One trial had
pharmaceutical industry sponsorship.?’
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Electronic database search: MEDLINE,
Embase, Cochrane, clinicaltrials.gov
n = 2644 records

Identified

Records after duplicates removed
n=1652

Screening

Titles and abstracts screened

n=1652

Eligibility

Full text articles accessed for eligibility
n =36

Randomized controlled studies included
K]

Included

Records excluded
n=1616

Full text reports excluded n =33
¢ Wrong antibiotic n=24
* Not a randomized controlled trial n=9

Fig. 1. Preferred Reporting ltems for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.

locations, funding, an

otic treatments and surgical characteristics

Mechanical
Follow- bowel Surgery
Study Country Funding up Oral antibiotics |V antibiotics preparation indication Resection type
Anjum et al.’® China National Natural 90d  Metronidazole Second-generation cephalosporin Sodium Gl tract fistula, 40 laparoscopic,
Science 400 mg and and metronidazole, 30-60 min  phosphate  abdominal 150 open
Foundation of levofloxacin 200 mg  before surgery and repeated 133 mL BID adhesions,
China x 3 (3pm, 7pmand every 3 h during surgery; on the day iatrogenic injury,
11:30 pm) on the day antibiotics continued 24 h after  before IBD, trauma,
before surgery surgery surgery malignancy
Basany et al.?’ Spain Fundacién 4wk  Metronidazole Cefuroxime 1.5 g and None Malignancy, 415 laparoscopic,
Asociacion 2560 mg x 3 (12 pm, metronidazole 1 g at anesthetic diverticular 77 open,
Espanola de Colo- 6 pmand 12 am), induction disease 45 .
b ; } conversions
proctologia ciprofloxacin 750 mg
x 2 (12 pm and
12 am) on the day
before surgery
Taylor and Scotland  Lederle 6 wk  Ciprofloxacin 500 mg One dose of piperacillin 4 g IV Sodium Malignancy, IBD, 381 open,
Lindsay® Laboratories* BID on the day anesthetic induction picosulfate,  benign 0 laparoscopic
before surgery 1 sachet BID, conditions
on the day
before
surgery
BID = twice daily; Gl = gastrointestinal; IBD = inflammatory bowel disease; IV = intravenous.
*Pharmaceutical company.

Risk of bias

The risk of bias assessment for the primary outcomes is
shown in Figure 2. In all 3 trials, appropriate randomization
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processes were followed; however, it was unclear if the
allocation sequence was concealed until participants were
enrolled and assigned to interventions. All trials were also
limited by the lack of placebo use, which would be
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Table 2. Summary of included studies: study arms and patient characteristics

No. of patients

Study Segment resected Arm Total Men Women Mean age BMI ASA score
Anjum et al."® Small bowel 39, MBP + OA 95 61 34 46.3+14.4 21.3+3.7 I:0
right 67, II: 80
left 50, I: 15
rectum 34 MBP 95 59 36 452+156  21.7+4.8 I:2
11:76
:17
Basany et al.?’ Right 268, OA 2831 142 125 70.0+11.9 27.6+4.1 [-II: 145
left 240, 1=IV: 122
total CO'?CSTO””'V 25, Control 282% 152 17 717133 27.6+4.1 I-11:129
segment 3, )
other 2 I1-IV: 140
Taylor and Lindsay?® Right 93, OA + MBP 1898 79 80 66.7+£13.0 NR NR
left 168,
MBP 1929 79 89 66.5+12.9 NR NR
Hartmann 6,
APR 43,
other 17*

*Not reported for 54 cases.
tNot reported for 16 cases.
+Not reported for 12 cases.
8The sex of 30 patients was unknown.
fIThe sex of 24 patients was unknown.

APR = abdominoperineal resection; ASA = American Society of Anesthesiologists; BMI = body mass index; MBP = mechanical bowel preparation; NR = not reported; OA = oral antibiotics.

Risk of bias domains

Study

Domains:
D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

Judgment

®-

— Some concerns

0.

Fig. 2. Cochrane risk of bias tool (RoB 2) for randomized controlled trials.

expected to affect blinding. In 1 trial, patients were
excluded if they experienced an anastomotic leak. This
occurred much more frequently in the control arm and
could have biased the rates of SSIs reported in that group.
However, the data for total SSIs, anastomotic leaks and
mortality were available for the excluded patients, so they
were included in the meta-analysis.

Surgical site infections

Among the total of 1136 patients included in the 3 RCTs,
173 SSIs occurred. The use of preoperative oral antibiotics

was associated with a significantly decreased total number of
SSIs (RR 0.43, 95% CI 0.32-0.57, 3 RCTs, 1136 partici-
pants, I = 0%), superficial incisional SSIs (RR 0.38, 95% CI
0.22-0.68, 3 RCTs, 1136 participants, I = 32%), deep inci-
sional SSIs (RR 0.19, 95% CI 0.06-0.65, 2 RCTs, 755 par-
ticipants, > = 0%) and organ/space SSIs (RR 0.34, 95% CI
0.12-0.90, 3 RCTs, 1136 participants, I = 33%, Figure 3;
risk differences shown in Appendix 2, available at canjsurg.ca/
lookup/doi/10.1503/¢js.019721/tab-related-content). All
3 trials reported SSI rates; however, 1 trial did not separately
report superficial and deep incisional SSIs.* Furthermore,
some SSIs were excluded from this trial, with only the total

Can J Surg/J can chir 2023;66(1) E25
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Test for overall effect Z=5.60 (p < 0.001)

B. Superficial SSls

Oral antibiotics No oral antibiotics Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight (%) M-H,Random (95% CI) M-H Random (95% CI)
Anjum et al.’® 8 95 26 95 16.3 0.31(0.15-0.64)
Basany et al.?’ 13 283 30 282 22.5 0.43 (0.23-0.81) —
Taylor and Lindsay? 30 189 66 192 61.2 0.46 (0.32-0.68) -
Total 567 569  100.00 0.43 (0.32-0.57] <&
Total events 51 122
Heterogeneity: t2 = 0.00; %2 = 0.92, df = 2 (p = 0.63); I* = 0% ¢ t t !
genetty. v % e ) ° 0.01 0.1 1 10 100

Favours (experimental) Favours (control)

Test for overall effect Z=3.30 (p = 0.001)

C. Deep SSls

Test for overall effect Z=2.65 (p = 0.008)

D. Organ/space SSls

Oral antibiotics No oral antibiotics Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight (%) M-H,Random (95% CIl) M-H Random (95% Cl)
Anjum et al.’® 6 95 22 95 30.4 0.27 (0.12-0.64) —
Basany et al.?” 3 283 13 282 172 0.23 (0.07-0.80)
Taylor and Lindsay? 18 189 33 192 52.4 0.55 (0.32-0.95) —l—
Total 567 569  100.00 0.38 (0.22-0.68) -
Total events 27 68
Heterogeneity: © = 0.09; %2 = 2.94, df = 2 (p = 0.23); I = 32% ' y + y
genetty % tp ) ° 0.01 0.1 1 10 100

Oral antibiotics No oral antibiotics Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight (%) M-H,Random (95% ClI) M-H Random (95% CI)

Anjum et al.’s 1 95 7 95 35.0 0.14 (0.02-1.14) L

Basany et al.? 2 283 9 282 65.0 0.22 (0.05-1.02) ||

Total 378 377 100.00 0.19 (0.06-0.65) —i——

Total events 3 16

Heterogeneity: 12 = 0.00; ¥? = 0.11, df = 1 (p = 0.74); > = 0% . + + d
0.01 0.1 1 10 100

Favours (experimental) Favours (control)

Favours (experimental) Favours (control)

Test for overall effect Z=2.16 (p = 0.03)

Oral antibiotics No oral antibiotics Risk ratio Risk ratio
Study or subgroup Events  Total Events Total Weight (%) M-H,Random (95% Cl) M-H Randam (95% CI)
Anjum et al.’® 0 95 4 95 10.4 0.1 (0.01-2.04) ¢
Basany et al.”’ 5 283 7 282 43.1 0.71(0.23-2.22) I —
Taylor and Lindsay? 4 189 19 192 46.5 0.21 (0.07-0.62) L
Total 567 569  100.00 0.34 (0.12-0.90) i
Total events 9 30
Het ity: v = 0.26; 32 = 2.99, df = 2 (p = 0.22); /2 = 33% ’ t t i
eterogeneity: T % (p ) o 0.01 0.1 1 10 100

Favours (experimental) Favours (control)

Fig. 3. Forest plots for (A) total SSls, (B) superficial incisional SSls, (C) deep incisional SSls and (D) organ/space SSls, comparing pre-
operative oral antibiotics plus intravenous antibiotics (experimental) to intravenous antibiotics alone (control). Cl = confidence inter-
val; df = degrees of freedom; M-H = Mantel-Haenszel; SSIs = surgical site infections.

SSI rate reported for those patients. Sensitivity analyses
were undertaken with this trial’s results excluded for this
variable (Appendix 3, available at canjsurg.ca/lookup/
doi/10.1503/¢js.019721/tab-related-content). The overall
effect of preoperative oral antibiotics was still significant
when this trial was excluded for total and superficial
SSIs but not organ/space SSIs.

Secondary outcomes

Anastomotic leaks were significantly reduced in patients
receiving oral antibiotics compared with no oral anti-
biotics (RR 0.22, 95% CI 0.06-0.87, 3 RCTs, 1026 par-
ticipants, I? = 0%, Figure 4A). Leaks occurred in only
11 patients across the 3 trials. There was no statistically

E26 Can J Surg/J can chir 2023;66(1)

significant difference in mortality, urinary tract infec-
tions, pulmonary infections and reoperations between the
groups (Figure 4B—4E). Postoperative ileus duration was
reported in a single trial,'® and it was not significantly
affected by oral antibiotic use (3.96 [standard deviation
(SD) 1.26] d v. 4.23 [SD 1.7] d for oral antibiotics and no
oral antibiotics, respectively). Hospital readmissions were
also reported in 1 trial and were not significantly different
between the groups. None of the trials provided data on
patient-reported quality of life.

Safety outcomes

Safety outcomes are shown in Table 3. There were no
adverse events reported in any trial attributable to the
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A. Anastomotic leaks

Test for overall effect Z=1.12 (p = 0.26)

Oral antibiotics No oral i Risk ratio Risk ratio
Study or subgroup  Events  Total Events Total Weight (%) M-H, Random (95% Cl) M-H Random (95% Cl)
Anjum et al.”® 0 95 4 95 223 0.11 (0.01-2.04) L
Basany et al.?” 0 260 0 253 NE
Taylor and Lindsay? 2 167 7 156 777 0.27 (0.06-1.27) ——
Total 522 504 100.00 0.22 (0.06-0.87) ———
Total events 2 n
Heterogeneity: 2= 0.00, x> = 0.28, df = 1 1 (p = 0.60), 2 = 0% + - - g
Test for overall effect Z=2.17 (p = 0.03) 0.0 01 N 1 10 100
Favours [experimental] Favours [control]
B. Death
Oral antibiotics No oral antibiotics Risk ratio Risk ratio
Study or subgrou, Events _ Total Events Total Weight (%) M-H, Fixed (95% CI) M-H, Fixed (95% ClI)
Anjum et al.’™ 0 95 1 95 9.1 0.33 (0.01-8.08)
Basany et al.” 2 283 2 282 12.2 1.00 (0.14-7.02) - 1
Taylor and Lindsay? 7 189 13 192 786 0.55 (0.22-1.34) —
Total 567 569 100.00 0.58 (0.27-1.27) ”
Total events 9 16
Heterogeneity: 3= 0.43, df = 2 (p = 0.81), = 0% t + + !l
Test for overall effect Z=1.35 (p=0.18) 0.0 01 : 10 100
Favours (experimental) Favours (control)
C. Reoperations
Oral ibiotics No oral ibiotic Risk ratio Risk ratio
Study or subgroup  Events  Total Events Total Weight (%) M-H, Random (95% Cl) M-H Random (95% Cl)
Anjum et al.™® 0 95 2 95 3.1 0.20 (0.01-4.11) {
Basany et al.” 22 283 27 282 96.9 NE
Total 378 377 100.00 0.78 (0.46-1.32)
Total events 22 29
Heterogeneity: 2= 0.00, x> = 0.81, df =1 (p=0.37), ? = 0% b + + i
Test for overall effect 2=02.93 (p = 0.35) 00 01 ! 10 100
Favours (experimental) Favours (control)
D. Urinary tract infections
Oral antibiotics No oral antibiotics Risk ratio Risk ratio
Study or subgroup  Events  Total Events Total Weight (%) M-H, Random (95% Cl) M-H Random (95% CI)
Anjum et al.™ 1 95 0 95 319 3.00(0.12-72.73) ol
Basany et al.” 2 283 7 282 0.28 (0.06-1.36) ——
Total 378 377 100.00 0.60 (0.07-5.20)
Total events 3 7
ity: 2= 2o “1(p= — 419 [ . ; + |
Heterogeneity: °= 1.14, 2= 1.69, df = 1 (p=0.19), = 41% bo1 oh 1 P 100
Test for overall effect Z=0.46 (p = 0.65) :
Favours (experimental) Favours (control)
E. Pulmonary infections
Oral antibiotics No oral antibiotics Risk ratio Risk ratio
Study or subgroup Events  Total Events Total Weight (%) M-H, Random, 95% CI M-H Random, 95% CI
Anjum et al.™ 2 95 3 95 46.0 0.67 (0.11-3.90) —
Basany et al.?/ 2 283 5 282 54.0 0.40 (0.08-2.04) — &
Total 378 377 100.00 0.51(0.15-1.67) i
Total events 4 8
ity: 2= 2 —1(p= 2 = 09
Heterogeneity: 2= 0.00, %> = 0.18, df = 1 (p = 0.67), 2 = 0% bo1 ob P 700

Favours (experimental) Favours (control)

Fig. 4. Forest plots for the secondary outcomes comparing preoperative oral antibiotics and intravenous antibiotics (experimental)
to intravenous antibiotics alone (control) for (A) anastomotic leaks, (B) death, (C) reoperations, (D) urinary tract infections and
(E) pulmonary infections. Cl = confidence interval; df = degrees of freedom; M-H = Mantel-Haenszel; SSls = surgical site infections.

oral antibiotic regimens used. However, 1 trial did not
report any information related to safety outcomes.” Two
trials specifically reported no instances of C. difficile infec-
tions across a total of 755 patients.'®?” The authors of
1 trial commented that there were no allergic reactions.”’
No trials reported on tendinopathy or aortic rupture.
Owing to a lack of reported adverse events, a meta-
analysis was not performed for safety outcome data.

Discussion

This review demonstrates that preoperative oral fluoro-
quinolones in combination with intravenous antibiotics
are superior to intravenous antibiotics alone for the pre-
vention of SSIs after colorectal surgery. Rates of total,
superficial, deep and organ/space SSIs, in addition to

anastomotic leaks, were all significantly reduced by anti-
biotic regimens containing oral fluoroquinolones without
a corresponding increase in reported antibiotic-related
adverse events. While data on the use of preoperative oral
antibiotics have been synthesized multiple times in past
meta-analyses,'1?® the previous literature has focused on
regimens containing oral macrolides or aminoglycosides.
To our knowledge, this is the first systematic review to
examine the role of oral fluroquinolones specifically.

The overall effect of the preoperative oral fluoro-
quinolone regimens on total SSIs determined in this meta-
analysis (RR 0.43, 95% CI 0.32-0.57) is similar to that in a
recent meta-analysis examining the effect of preoperative
oral macrolide—aminoglycoside antibiotics (RR 0.45,
95% CI 0.34-0.60).8 Risk reduction for incisional SSIs is
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Table 3. Safety outcomes

Oral antibiotics Control

Outcome; study Event Total Event Total
Clostridium difficile

Anjum et al.’® 0 95 0 95

Basany et al.?’ 0 283 0 282
Allergic reactions

Basany et al.?’ 0 283 0 282
Total antibiotic-related adverse
events

Anjum et al.’® 0 95 0 95

Basany et al.?’ 0 283 0 282

also comparable between our meta-analysis (RR 0.38, 95%
CI 0.22-0.68) and theirs (RR 0.38, 95% CI 0.26-0.56).
However, in our analysis we found that preoperative fluo-
roquinolones led to a reduced risk of organ/space infec-
tions and anastomotic leaks, which has not previously been
observed in meta-analysis of RCTs for oral neomycin.?®
Despite these promising results, to our knowledge a
modern oral neomycin-containing antibiotic preparation
has never been compared with an oral fluoroquinolone
regimen for this indication. A large randomized compara-
tive trial is needed to determine the relative efficacy of
these 2 antibiotics.

A strength of this systematic review compared with pre-
vious ones is the inclusion of more contemporary trials.
Two of the 3 included trials were conducted within the
past 5 years. Most of the included patients had laparo-
scopic surgery. A major limitation of past systematic
reviews on this topic using neomycin-containing antibiotic
regimens is the reliance on RCT's predating the advent of
laparoscopic surgery.!1?8

Three distinct oral fluoroquinolone antibiotic regi-
mens are represented in the literature. There was min-
imal statistical heterogeneity between trials and a univer-
sal positive effect on total SSI rates. Ciprofloxacin in
particular was used in 2 of the 3 trials,”>*” alone in 1 trial
and in combination with metronidazole in the other.
Levofloxacin was the other fluoroquinolone antibiotic
used, and it was also combined with metronidazole.'®
Both drugs appeared to perform equally well, although
each trial used different antibiotic combinations, prevent-
ing meaningful subgroup analysis. Future trials could aim
to compare fluoroquinolone antibiotic regimens for
superiority. However, the results of this current meta-
analysis would suggest that the difference between these
particular regimens is quite small.

Patient-reported outcomes may be 1 way to differenti-
ate between antibiotic regimens. For example, oral metro-
nidazole can be associated with gastrointestinal symp-
toms.’® Patients may also find it easier to manage 2 split
doses of oral antibiotics administered at the same time as
their purgative, as described by Taylor and Lindsay,*

E28 Can J Surg/J can chir 2023;66(1)

compared with 3 doses at different intervals, as described
by Anjum and colleagues.'® If MBP (i.e., referring to the
cathartic agent only) can be omitted, as suggested by
Basany and colleagues, this may further improve the
patient experience.”” A recent network meta-analysis exam-
ining primarily oral aminoglycoside or macrolide antibiotic
preoperative regimens found only a small beneficial effect
of MBP on the effectiveness of oral antibiotics in reducing
SSIs.'" How these data apply to the current fluoroquino-
lone antibiotic regimens is not clear. Unfortunately, none
of the trials in the present review examined patient per-
spectives.

To compound the issue, patient preference and SSI
rates are not the only factors relating to MBP use that
should be considered. Some surgeons prefer a clean colon
for construction of their anastomosis, particularly for low
rectal surgery.’® MBP also facilitates intraoperative tumour
localization via endoscopy should a preoperative localiza-
tion error occur, or if preoperative tumour marking is not
visible.*® Localization errors have been reported at a rate of
15.4%,’! although this can be somewhat reduced with
repeat preoperative endoscopy.*?

No adverse events related to the oral antibiotics were
reported in any of the included trials. No C. difficile infec-
tions occurred across 2 trials and 755 patients. This is con-
sistent with a recent large systematic review and meta-
analysis, which showed that Clostridium infection was a rare
event following elective colorectal surgery, occurring no
more frequently following use of oral antibiotics than fol-
lowing use of intravenous antibiotics alone.! No allergic
reactions related to fluoroquinolones were observed,
although these were only measured in a single trial.”’
Other anticipated fluoroquinolone-specific adverse events
such as tendinopathy and aortic rupture were not specif-
ically reported by any trial; however, these events are
extremely rare and unlikely to occur after a single dose****

Fluoroquinolones are not the only alternative to neo-
mycin studied in the literature. Oral metronidazole alone
has had moderate effectiveness in 1 small RCT.** How-
ever, this trial is quite dated, and it examined exclusively
open surgery. The applicability of these results to a mod-
ern patient population is limited. Furthermore, metronida-
zole lacks broad Gram-negative coverage; therefore, there
is a good theoretical basis for reduced effectiveness com-
pared with combination regimens.?’ Oral penicillin-type
antibiotics combined with clavulanic acid are another
broad-spectrum combination that combines both Gram-
negative and anaerobic coverage that could potentially be
used. This drug has been compared with standard intra-
venous prophylaxis for preventing SSI with promising
results, but it has not been combined with intravenous
antibiotics in an RCT.*** Other options include min-
imally absorbed oral antimicrobials. Oral colistin has been
investigated with promising results,’” and a large trial
investigating the efficacy of oral rifaximin is underway.*



One important consideration with the use of oral fluo-
roquinolones in addition to standard intravenous antibiotic
prophylaxis for colorectal surgery is that the same concen-
tration of the antibiotic can be achieved with intravenous
antibiotics. Both ciprofloxacin and levofloxacin are
absorbed in the small intestine and are secreted back into
the colon. Colonic excretion also occurs following intra-
venous administration.” It remains unclear whether it is
the action of ingesting these antibiotics in advance of sur-
gery that leads to their beneficial effects, or whether the
addition of fluoroquinolones to existing intravenous anti-
biotic regimens would have the same effect. Future study is
needed to clarify this factor.

Limitations

Despite the importance of our findings, there are some
limitations. First, there were only 3 included trials, which
limits our ability to detect statistically significant differences
between most secondary outcomes. Despite this limitation,
more than 1000 patients were included across the 3 trials
for primary outcomes, and strong differences were observed
between treatment groups. Second, some outcomes were not
reported in some trials. For example, both superficial and
deep incisional SSIs were reported as wound infections by
Taylor and Lindsay,” probably because this paper was pub-
lished at approximately the same time as these definitions
were first introduced in 1992 For these data, it is impossi-
ble to differentiate between superficial and deep subtypes.
The decision was made by both reviewers to include these
events under the heading of superficial SSIs before statistical
analysis, as these types of SSI are most common. However, it
is possible that some of these events were actually mis-
classified deep SSIs. Furthermore, patients with anastomotic
leaks were excluded in that paper. Only total SSIs, deaths and
anastomotic leak rates were reported for excluded patients.
Therefore, rates of superficial, deep and organ/space SSI
were probably underestimated. Accordingly, sensitivity
analysis was performed where this trial was censored for
those outcomes. Another limitation is the overall quality of
the included trials. All trials had at least unclear risk of bias
because of poor reporting of trial methods. Although meta-
analyses can increase power and precision, they cannot elim-
inate any biases that exist in pooled trials. The heterogeneity
of the prescribed oral and intravenous antibiotics as well as
the bowel preparation regimens used was another limitation.
Although statistical heterogeneity was low between the trials,
indicating minimal statistically apparent differences between
regimens, it is impossible to discern which regimen is
superior for the prevention of SSIs from the current litera-
ture. In addition, as our search was conducted in English,
trials that were published only in other languages were not
included in this review.

Another consideration is that the trial by Anjum and
colleagues included 39 small bowel resections in the
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analysis.'® Small bowel resections are less likely to lead to
wound infections or anastomotic leaks and would therefore
have increased the denominator for the total population of
patients in both the treatment and the control arms.*
These patients were not reported separately in this study,
so the small number of small bowel resections could not be
excluded from our meta-analysis. However, there were
equal numbers of small bowel resections in both treatment
and comparison groups, and this is therefore unlikely to
have biased the outcome. As small bowel resections
accounted for less than 4% of all patients included in the
total meta-analysis (20% of the patients in the study by
Anjum and colleagues), and could not be separated from
the rest of the data, we felt that it was still prudent to
include this trial in the meta-analysis.

Finally, although multiple centres were included in the
RCTs, the trials took place only in China or Europe. Anti-
biotic resistance patterns vary, and it is possible that dimin-
ished effectiveness could be seen in areas with predominant
fluoroquinolone-resistant pathogens.” Therefore, the
generalizability of these results to those areas is uncertain.

CONCLUSION

This review suggests that preoperative oral fluoro-
quinolone antibiotics in combination with intravenous
antibiotics are superior to intravenous antibiotics alone for
the prevention of SSIs after colorectal surgery. These
findings have important implications for care, as they pro-
vide compelling support for the use of oral fluoro-
quinolones, which may be more accessible in regions
where commercial access to oral neomycin is limited.
However, randomized comparative trials are needed to
determine the relative efficacy of antibiotic regimens.
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