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Dear Editors,
The successful implementation of clinical guidelines to prevent

hospital-acquired infections (HAI) represents a challenge for
health care workers. Potential barriers are the frequent multitude
of recommendations and their lacking prioritization.1 To address
these problems, the Institute for Healthcare Improvement (IHI)
developed the concept of Bbundles^.2 By definition, a bundle
comprises generally 3–5 evidence-basedmeasureswhich are con-
sentaneous and more effective when implemented together. The
inherent theory of change implies that bundling fosters multidis-
ciplinary teamwork and quality-improving interventions.1,2 To
date, several HAI-prevention bundles have been evaluated.2 In
June 2017, Zywot and colleagues published a systematic review
and meta-analysis in the Journal of Gastrointestinal Surgery on
bundles to prevent surgical site infections (SSI) after colorectal
surgery.3 They identified 35 studies, with 21 scrutinizing SSI of
all wound depths. Themeta-analysis revealed a SSI-risk reduction
of 40.2% after bundle implementation. Given this result, we un-
equivocally agree with the authors that bundles can effectively
prevent SSI after colorectal surgery.

Simultaneously, Zywot and colleagues did not analyze
bundle size, a parameter which varied from 2 to 14 elements
per bundle across studies.3 This attribute may relate to bundle
effectiveness for several reasons. On the one hand, the IHI-
definition defined 3–5 elements as a rule, mainly since

compliance with all elements would be more attainable than
with comprehensive care protocols.2 Moreover, tailored inter-
ventions to promote compliance, e.g., those recently devel-
oped and successfully implemented based on psychological
theory for hand hygiene as an individual measure,4 would
probably be more complex, and maybe inappropriately so,
for large bundles. On the other hand, larger bundles may be
even more effective simply because they include more
evidence-based measures and thus impact more processes rel-
evant to SSI.

Thus, we performed a supplementary analysis focusing on
bundle size of the 21 studies on SSI of all wound depths,3 in
which we recoded the number of elements in the bundle by
Anthony and colleagues5 from 4 to 3 since it included the
omission ofmechanical bowel preparation (MBP), which does
not conformwith guidelines.6,7 On average, these bundles had
7 elements (standard deviation: 3.7), with the median at 7 and
the mode at 3. Given the number of studies and distribution of
bundle size, we grouped bundles as follows: 2–4 elements
(n = 9 studies), 5–7 elements, 8–10 elements, and 11 or more,
i.e., 11+ elements (n = 4 each, respectively). For SSI-risks, we
summed up the baseline- and cohort-sample sizes and
baseline- and cohort-SSI outcomes reported by Zywot and
colleagues in Table 1, respectively, to calculate risk differ-
ences and risk ratios for each group using OpenEpi.8

As Fig. 1 shows, for bundles with 2–4 components the
post- vs. pre-intervention SSI-risk difference was 5.3%, and
the risk reduction of 27.1%. For the groups with 5–7 and 8–10
elements, these parameters were − 6.8 and − 5.8%, and 41.9
and 29.8%, respectively. The largest effect pertained to bun-
dles with 11+ components, with a risk difference of − 12%
(risk reduction 63.3%). As a Breslow-Day test shows, risk
differences significantly differed across groups, and confi-
dence intervals indicate that bundles with 11+ elements most
strongly contributed to this. Also, baseline SSI-rates (Fig. 1)
did not significantly differ across groups (χ2 = 7.5, p = 0.059),
and this rate was not highest in bundles with 11+ components.
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In sum, while this supplementary descriptive analysis re-
vealed significant SSI-reductions for all bundle sizes, bundles
of 11 or more elements, with a risk ratio of 0.367, stood out.
The reasons for this remain undetermined, and thus also
whether larger bundles should be recommended for SSI-
prevention after colorectal surgery, or whether the success of
large bundles Bonly^ depends on specific components.
Indeed, all four studies with 11+ elements included at least
one of three measures highlighted by Zywot and colleagues as
particularly effective (sterile closure trays, MPB with oral an-
tibiotics, and pre-closure glove changes), while only 7 of 17 of
smaller bundles did (41%). Also, proportions of bundles with
all three measures were 75 vs. 6%, respectively. Moreover, the
slightly higher effectiveness of bundles with 5–7 vs. 2–4 or 8–
10 elements may be explained by MPB with oral antibiotics
being part of 2 of 4 bundles in the former group, but nonexis-
tent in the latter groups. Possibly, larger bundles with key
elements are especially effective. More in-depth analysis of
Zywot and colleagues’ original meta-analytic data might clar-
ify reasons for bundle size differences. Finally, further studies
should evaluate which bundles of which size, and including

which elements, are associated with highest compliance and
most sustainable effects, especially in view of the
abovementioned tension between implementation feasibility
and potential effectiveness.

Acknowledgements We thank Justus Cladders for technical support in
data management and analysis.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

References

1. Gebhardt FE, Wantia N. [Prevention of nosocomial infections by
bundles. Evidence and practical implementation.] Med Klin
Intensivmed Notfmed 2013; 108: 119–124.

2. Resar R, Griffin FA, Haraden C, Nolan TW. Using care bundles to
improve health care quality. IHI innovation series white paper.
Cambridge: Institute for Healthcare Improvement; 2012. Available
on www.ihi.org

3. Zywot A, Lau CSM, Fletcher HS, Paul S. Bundles prevent surgical
site infections after colorectal surgery: meta-analysis and systematic
review. J Gastrointest Surg 2017; 21: 1915–1930.

4. von Lengerke T, Lutze B, Krauth C, Lange K, Stahmeyer JT,
Chaberny IF. Promoting hand hygiene compliance: PSYGIENE—a
cluster-randomized controlled trial of tailored interventions. Dtsch
Arztebl Int 2017; 114: 29–36.

5. Anthony T, Murray BW, Sum-Ping JT, Lenkovsky F, Vornik VD,
Parker BJ, McFarlin JE, Hartless K, Huerta S. Evaluating an
evidence-based bundle for preventing surgical site infection: a ran-
domized trial. Arch Surg 2011; 146:263–269.

6. Ban KA, Minei JP, Laronga C, Harbrecht BG, Jensen EH, Fry DE,
Itani KMF, Dellinger EP, Ko CY, Duane TM. American College of
Surgeons and Surgical Infection Society: surgical site infection
guidelines, 2016 update. J Am Coll Surg 2017; 224: 59–74.

7. World Health Organization. Global guidelines for the prevention of
surgical site infection. Geneva: WHO; 2016. Available on: www.
who.int/gpsc/ssi-guidelines/en/

8. Dean AG, Sullivan KM, Soe MM. OpenEpi: Open Source
Epidemiologic Statistics for Public Health, Version 3.01.www.
openepi.com, updated 2013/04/06, accessed 2017/09/22.

Fig. 1 Absolute risk differences and relative risk reductions regarding
SSI after colorectal surgery for bundles of different sizes (21 studies to
prevent SSI from the meta-analysis by Zywot and colleagues3)
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