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Objective: The objective of this study is to determine the optimal timing for
surgical antimicrobial prophylaxis (AMP).

Summary Background Data: National AMP guidelines should be sup-
ported by evidence from large contemporary data sets.

Methods: Twenty-nine hospitals prospectively obtained information on
AMP from 4472 randomly selected cardiac, hip/knee arthroplasty, and
hysterectomy cases. Surgical site infections (SSIs) were ascertained through
routine surveillance, using National Nosocomial Infections Surveillance
system methodology. The association between the prophylaxis timing and
the occurrence of SSI was assessed using conditional logistic regression
(conditioning on hospital).

Results: One-hundred thirteen SSI were detected in 109 patients. SSI risk
increased incrementally as the interval of time between antibiotic infusion
and the incision increased (overall association between timing and infection
risk P = 0.04). When antibiotics requiring long infusion times (vancomycin
and fluoroquinolones) were excluded, the infection risk following adminis-
tration of antibiotic within 30 minutes prior to incision was 1.6% compared
with 2.4% associated with administration of antibiotic between 31 to 60
minutes prior to surgery (OR: 1.74; 95% confidence interval, 0.98-3.04).
The infection risk increased as the time interval between preoperative
antibiotic and incision increased or if the antibiotic was first infused after
incision. Intraoperative redosing (performed in only 21% of long operations)
appeared to reduce SSI risk in operations lasting more than 4 hours (OR of
3.08 with no redosing; 95% confidence interval 0.74—12.90), but only when
the preoperative dose was given correctly.

Conclusions: These data from a large multicenter collaborative study con-
firm and extend previous observations and show a consistent relationship
between the timing of AMP and SSI risk with a trend toward lower risk
occurring when AMP with cephalosporins and other antibiotics with short
infusion times were given within 30 minutes prior to incision.
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Antimicrobial prophylaxis can reduce the risk of surgical site
infection (SSI) following many operations. Animal and clinical
studies conducted over the past 3 decades ago suggest that antimi-
crobials should be given prior to the incision and that efficacy
diminishes or disappears if the antibiotic is given either too early or
after incision.' ® Despite general acceptance of these concepts and
the existence of guidelines, wide variation in perioperative antibiotic
administration practices have been reported in the United States.* To
encourage appropriate antimicrobial prophylaxis, the Centers for
Medicare and Medicaid Services and the Joint Commission have
recently adopted performance measures specifying the choice of
antimicrobial agent and the timing and duration of surgical prophy-
laxis.® Adherence to these measures is assuming increasing impor-
tance; and facility specific compliance is now publicly reported at
http://www .hospitalcompare.hhs.gov/.

Current guidelines and performance measures for timing of
perioperative antibiotics (parenteral antimicrobial prophylaxis initi-
ated within 1 hour before incision or within 2 hours for vancomycin
or fluoroquinolones) are based on data from clinical trials and
pharmacokinetic data.'™’7 However, the studies on which the
performance measures are based were not designed to determine the
optimal timing of the initial preoperative dose. The seminal article
addressing timing of surgical prophylaxis, an observational study
conducted at one hospital, involved 2847 patients undergoing a wide
variety of surgical procedures.® This study was conducted in 1985
1986, an era when there was considerable variation in the timing of
prophylactic antibiotics; only 35% of patients received surgical
antimicrobial prophylaxis meeting the contemporary standard of less
than 1 hour prior to incision. Although this study elegantly showed
the relationship between timing of antibiotics and risk of SSI, it did
not find a significant difference in SSI rates when antibiotics were
administered within 1 or 2 hours prior to incision compared with
antibiotics administered 0 to 3 hours postoperatively.

In this article, we report the findings of a multicenter study
with the goal of further exploring the relationships between timing,
duration, and intraoperative redosing of surgical antimicrobial pro-
phylaxis and the risk of SSI.

METHODS

The current study is an ancillary study to the multisite Trial to
Reduce Antimicrobial Prophylaxis Errors (TRAPE). The parent
TRAPE study was a trial including 44 hospitals designed to evaluate
interventions to improve antibiotic prophylaxis. Hospitals for the
parent TRAPE study were recruited through a mailing to Society for
Healthcare Epidemiology of America membership in 2002. All
TRAPE participating hospitals measured antibiotic prophylaxis per-
formance in 100 randomly selected surgical cases in two 6 month
periods from June to November 2003 (baseline) and February to
July 2005 (remeasurement). The surgical procedures included car-

Annals of Surgery ® Volume 250, Number 1, July 2009


http://www.annalsofsurgery.com

Annals of Surgery ® Volume 250, Number 1, July 2009

Antimicrobial Prophylaxis and Infections

diac surgery, hysterectomy, and hip and knee arthroplasty, selected
because there were prophylaxis guidelines in place at the inception
of the study.’

After completion of the antimicrobial prophylaxis data col-
lection, all TRAPE hospitals were invited to participate in this
ancillary study provided that they (1) used the National Nosocomial
Infections Surveillance (NNIS) system definitions of SSI and NNIS
risk stratification as part of their routine SSI surveillance method-
ology'® and (2) were able to link cases sampled for the parent study
to SSI surveillance data.

Data Collection

Hospitals used a customized data entry system to collect data
on the AMP process on randomly selected cases. Based on antici-
pated surgical volumes, the data entry system directed the hospital to
collect information on every Nth surgical case after a random start
at the beginning of every month with adjustments for the number of
cases still needed for completion. For sampled cases that met the
study inclusion criteria (no evidence of infection preoperatively,
surgical start times documented, prophylaxis timing documented if
AMP given), personnel at the hospital collected data on day and time
of surgical incision, surgical close and the timing, drug, route and
dose of all antibiotics given before surgery and after surgery up to 8
total doses. De-identified data were transmitted to the coordinating
center at the Joint Commission.

To identify SSIs among the sampled surgical cases, infection
control personnel at each hospital retrospectively matched the listing
of cases for which AMP data were obtained with their record of
previously identified SSIs. The SSI surveillance was conducted at
each participating hospital as part of their routine infection control
practices. All participating hospitals used NNIS definitions and risk
stratification; postdischarge surveillance practices were not stan-
dardized among the hospitals. A survey was conducted to determine
how each site defined and completed surveillance. The results of the
survey are provided in Appendix A. Within hospitals, there were no
changes in the definitions and methodologies used between baseline
and remeasurement. When an infected case was identified, a stan-
dardized, de-identified case report form was completed.

The TRAPE study was funded by a grant from the Agency for
Healthcare Research and Quality (RO1 HS11331). Representatives
from the funding source were not involved in any phases of the
project. The protocol was approved by institutional review boards
affiliated with the participating hospitals, the University of Tennes-
see at Memphis, Wake Forest University, CDC, and the Joint
Commission. Data use agreements were established with each site to
ensure compliance with HIPAA requirements.

Statistical Analysis

The study cohort was composed of all cases in the TRAPE
database for which SSI outcome data would have been available had
an SSI occurred. Infection risk is defined as the proportion of
patients undergoing surgery who developed an infection.

The antimicrobial dose given prior to and closest to the time
of incision was considered to be for prophylaxis. When more than 1
preoperative antibiotic was given, timing was based on the antibiotic
given closest to the time of incision. If no antibiotic was given
before incision, the timing was based on the dose given closest to the
incision time after incision. When a preoperative antibiotic was
given more than 3 hours before incision and a postoperative dose
was given within an hour of incision, the postoperative dose was
taken to be the prophylactic dose. The timing interval was calculated
by subtracting the starting time for administration of the prophylaxis
dose from the time of surgical incision. Because of sparse numbers,
some of these timing categories were collapsed for various analyses.
In surgical cases lasting more than 4 hours, antibiotics delivered
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after 4 hours but before the end of surgery were taken to be
intraoperative redosing. Because vancomycin and fluoroquinolones
require long infusion times and, per current guidelines, can be
administered within 2 hours prior to incision, analyses were rerun
omitting patients who received these antibiotic either preoperatively
or up to 180 minutes postincision.

The relationship between timing and infection risk was as-
sessed using the y* distribution and Fisher exact test when indicated
and Cochran-Mantel-Haenszel method for analyses stratified by
hospital. We used conditional logistic regression to relate timing to
the log-odds of infection conditioned on hospital. Conditional lo-
gistic regression was also used to examine the effect of potential
confounding factors such as period of measurement, group status,
procedure type, procedure duration, and ASA score of the patient
undergoing the procedure. All analyses were done using SAS
version 9.1 (Cary, NC). An alpha level of 0.05 was used as the
nominal Type I error rate for all analyses.

RESULTS

Of 44 hospitals in the parent TRAPE study, 29 volunteered to
participate in the SSI ancillary study and met the inclusion criteria
described in Methods; 25 hospitals contributed data from both
measurement periods; the remaining 4 hospitals contributed data
from 1 measurement period. Characteristics of the 29 participating
hospitals are shown in Table 1. Most hospitals were teaching
hospitals, with approximately 55% having fewer than 250 beds.
Table 1 also shows the distribution of surgical procedures included
in the database.

Antimicrobial prophylaxis data were collected for 4472 sur-
gical cases. Regarding prophylaxis received either preoperatively or
postoperatively, 3405 received only cephalosporins or other antibi-
otics designated by the Surgical Care Improvement Project (SCIP)
to be administered within 60 minutes of incision,” 575 received
cephalosporins plus vancomycin, 218 received vancomycin only,
240 received fluoroquinolones with or without other agents, and 34
had no documented antimicrobial prophylaxis. Antibiotic selection
met the SCIP antibiotic selection indicator in 90% of cases.

TABLE 1. Characteristics of Hospitals and Surgical Cases in
the TRAPE Surgical Site Infection Study

Percentage of
Hospitals (N)

Percentage of

Characteristics Surgical Cases (N)

Teaching hospital

No 20.7 (6) 23.0 (1029)

Yes 79.3 (23) 77.0 (3443)
Hospital bed size

<250 55.2(16) 52.6 (2351)

>250 44.8. (13) 47.4 (2121)
Treatment group

Feedback only 48.3 (14) 52.7 (2355)

Intervention group 51.7 (15) 47.3 (2117)
Collection period

Baseline 89.6 (26) 47.4 (2121)

Follow-up 96.6 (28) 52.6 (2351)
Procedures selected for

surveillance

Cardiac 82.7 (24) 43.6 (1949)

Hip/knee arthroplasty 72.4 (21) 38.8 (1735)

Hysterectomy 44.8.(13) 17.6 (788)
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One-hundred thirteen infections were detected in 109 pa-
tients. In 4 patients with multiple infections, the first identified
infection was included in the analysis. Thirty-one infections were
diagnosed during the hospital admission at which the index proce-
dure was done. Of the 78 infections diagnosed after initial hospital
discharge, 6 infections were diagnosed greater than 30 days post-
procedure. The median day of diagnosis was 14 days postprocedure
with the longest interval between procedure and infection diagnosis
being 73 days (on 2 occasions). Sixty-three infections were super-
ficial, 32 were organ space, and 14 were deep incisional. In all but
1 case, a culture report was found. Six (5.5%) cultured infections
failed to grow microbial species. The most common bacterial spe-
cies were methicillin-sensitive Staphylococcus aureus 17 (15.6%),
methicillin-resistant S. aureus 17 (15.6%), and coagulase negative
staphylococci 17 (15.6%), and gram negative bacteria 16 (14.7%).

Table 2 shows the association between hospital and patient
characteristics and infection risk. The infection risk was lower at
nonteaching hospitals than at teaching hospitals. Infection rates by
procedure were 1.1% for joint arthroplasty, 3.1% for cardiac, and
3.8% for hysterectomy. Infections rates did not differ by hospital
size, treatment group, or time of measurement. There was a tendency
for infection rates to be higher in patients with higher ASA scores.
Longer duration of surgery and teaching hospitals were associated
with higher infection risk.

TABLE 2. Association Between Hospital and Patient
Characteristics and Infection Risk

Infection/N-at-Risk

Characteristic (Percent) Relative Risk (95% CI)
Teaching hospital
No 16/1029 (1.6) 0.58 (0.34, 0.97)
Yes 93/3443 (2.7) P =0.04
Hospital bed size
<250 57/2351 (2.4) 0.99 (0.68, 1.43)
>250 52/2121 (2.4) P =095

Treatment group
Feedback only
Intervention group

64/2355 (2.7)
452117 (2.1)

1.28 (0.88, 1.86)
P =0.20
Collection period

Baseline
Follow-up

Procedures selected
for surveillance

53/2121 (2.5)
56/2351 (2.4)

0.98 (0.67, 1.43)*
P =109

Cardiac 60/1949 (3.1) Reference group*
Hip/knee 19/1735 (1.1) 0.45 (0.24, 0.83), P = 0.009
arthroplasty
Hysterectomy 30/788 (3.8) 0.91 (0.55, 1.52), P = 0.72
ASA score
One 3/146 (2.0) Reference group*
Two 21/1426 (1.5) 0.64 (0.19, 2.14), P = 0.47
Three 36/1281 (2.8) 1.20 (0.37, 3.83), P = 0.76
Four/five 48/1555 (3.1) 1.85(0.52, 6.57), P = 0.33

(Missing = 64)
Duration of surgery

Upto4h 55/3395 (1.6) Reference group*
4-7h 51/988 (5.2) 2.75 (1.82, 4.10), P < 0.001
7 or more h 3/74 (4.0) 3.18 (1.00, 10.08), P = 0.045

(Missing = 15)

*Relative risks, confidence intervals and P values based on an analysis stratified by
hospital.
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Table 3 presents the association between timing and infection
risk for all cases. To account for the longer administration times of
vancomycin and fluoroquinolones, we combined antibiotics and
categorized administration into 4 groups, the first 2 of which are
compliant with the SCIP timing indicator: Group 1—cephalosporins
(and other antibiotics with short infusion times) within 30 minutes or
vancomycin/fluoroquinolones within one hour prior to incision,
Group 2— cephalosporins within 31 to 60 minutes or vancomycin/
fluoroquinolones within 61-120 minutes prior to incision, Group
3—antibiotics given earlier than the guideline recommendations,
and Group 4—initial antibiotic dose given postincision. The overall
association between timing and infection risk was statistically sig-
nificant (P = 0.04). Infection risk was lowest in Group 1, those with
administration times closest to the incision (2.1%). Infection risk
was somewhat higher with early antibiotic administration, but only
postincision administration was associated with a statistically sig-
nificant increased risk (P = 0.02). Eighty-one percent of cases were
in compliance with the SCIP timing indicator.

Table 4 and Figure 1 present the relationship between timing
interval and infection risk in patients whose preoperative regimen
consisted of only cephalosporin or other antibiotics that, per current
guidelines, should be administered within 60 minutes of incision (n
= 3656). Cases that received preoperative fluoroquinolones or
vancomycin or either drug up to 3 hours postincision are excluded
(n=816). The infection risk with antibiotic administered within 30
minutes of incision was 1.6% compared with 2.4% when antibiotics
were administered between 31 to 60 minutes prior to surgery with a
conditional OR of 1.74, (95% CI: 0.98, 3.08), adjusting for proce-
dure type and duration. The infection risk increased as the time
interval between preoperative antibiotic and incision increased or if
the antibiotic was first infused after incision. These results changed
little after further adjusting for measurement period, randomization
group, or ASA score.

Among patients who received both vancomycin and at least
one other antibiotic preoperatively, the SSI risk was 3.5% (15
infections out of 433 patients). The SSI rate when vancomycin was
used exclusively was 2.0%. The sample size was insufficient to
examine timing in this subset.

Intraoperative Dosing

In 1062 (24%) cases, the surgical procedure lasted for at least
4 hours. Because of long half-lives and the reduced need for
redosing, cases that received vancomycin or fluoroquinolones were
excluded from the analysis of the impact of intraoperative redosing
on infection risk (n = 372). Intraoperative redosing was given in
21% of 690 of these long operations. The data in Table 5 suggest
that intraoperative redosing was associated with a lower infection
risk only when the preoperative antibiotic was given in the recom-
mended time frame. However, due to smaller samples sizes the
estimates of effect are relatively imprecise.

Duration of Prophylaxis

We also examined the relationship between the duration of
prophylaxis after the completion of surgery and risk of SSI in the
4472 surgical cases. Most patients in the study received postsurgical
antibiotics for up to 24 (47.6%) or 48 hours (25.6%) after the end of
surgery; only 12.7% received no doses following the end of surgery.
The crude analysis indicates that not receiving any postoperative
dose is associated with increased infection risk compared with
patients receiving antibiotics up to 24 hours post surgery (24/567
[4.2%] and 49/2131 [2.3%], respectively; relative risk = 1.84;
95%CI: 1.14, 2.97). Procedure type and hospital however con-
founded this relationship. Patients receiving a hip/knee arthroplasty
were more likely to receive a postsurgical antibiotic (98.1%) com-
pared with patients undergoing the other 2 procedure types (80.5%).
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TABLE 3. Association Between Timing of Prophylaxis and Infection Risk

Adjusted Risk Odds Ratio for

Infection Unadjusted Relative Risk Infection From Conditional
Timing Interval Relative to Incision Infection/N-at-Risk Risk* of Infection (95% CI) Logistic Regression (95% CI)*
Group 1: Vancomycin/fluoroquinolones 38/1844 2.1% Referent Group Referent Group
within 60 min or cephalosporins*
within 30 min before incision
Group 2: Vancomycin/fluoroquinolones 43/1796 2.4% 1.16 (0.75, 1.79), P = 0.50 1.48 (0.92, 2.38), P = 0.06
61-120 min or cephalosporins* 31-60
min before incision
Group 3: Any other preincision 18/644 2.8% 1.36 (0.78, 2.36), P = 0.28 1.30 (0.70, 2.41), P = 0.39
administration regimen
Group 4: Post-incision 10/188 5.3% 2.58 (1.31, 5.10), P = 0.005 2.20 (1.03, 4.66), P = 0.02

*Test for overall association between timing and infection risk, P = 0.04.
TAdjusted for duration of surgery and procedure type.

*Non cephalosporin antibiotics compromised <5% of those designated to be given with short infusion times and are included.

TABLE 4. The Association Between Timing Interval and Infection for Antimicrobial Prophylaxis, Using Cephalosporins or
Other Antibiotics Designated to be Given Within 60 Minutes of Incision*

Adjusted Risk Odds Ratio for

Infection/ Infection Unadjusted Relative Risk Infection From Conditional
Timing Interval Relative to Incision N-at-Risk Risk of Infection (95% CI) Logistic Regression (95% CI)"
>120 min before incision or 4/96 4.7% 2.54(0.89, 7.21), P = 0.07 2.11 (0.68, 6.59)
prophylaxis not given

61-120 min before incision 12/489 2.4% 1.49 (0.74, 3.00), P = 0.26 1.25 (0.57, 2.76)

31-60 min before incision 38/1558 2.4% 1.48 (0.88, 2.50), P = 0.13 1.74 (0.98, 3.08)

0-30 min before incision 22/1339 1.6% Reference group Reference group

1-30 min after incision 4/100 4.0% 2.44 (0.86, 6.93), P = 0.09 1.96 (0.65, 5.95)

>31 min after incision 5/74 6.8% 4.12 (1.60, 10.53), P = 0.002 4.18 (1.37, 12.75)

*Cases receiving vancomycin or fluoroquinolones alone or in combination with cephalosporins either pre-operatively or within 3 hours postoperatively with another drug were

excluded from this analysis.
TAdjusted for duration of surgery and procedure type.

4/96

47100 T

12/489 38/1558

!

22/1339

Infection Risk (%)
O NWAOTONO®
1

T T T T T 1

>120 61-120 31-60 0-30 1-30 > 31
after after

Minutes before or after surgical incision

FIGURE 1. Surgical site infection risk based on timing of
perioperative antibiotic dose, omitting vancomycin and fluo-
roquinolones. Annotation shows number of infections/num-
ber of operations for each time interval.

The arthroplasty patients also had a significantly lower infection rate
(Table 2). After adjustment, there was no evidence that patients who
did not receive postsurgical prophylaxis had higher infection rates
(adjusted risk odds: 1.01; 95% CI: 0.56, 1.82) Overall, there were no
statistically significant differences for any of the patterns of post-
surgical antibiotic administration compared with doses given in the
first 24 hours following the end of surgery.
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DISCUSSION

In this prospective multicentered study of antimicrobial pro-
phylaxis and surgical site infection risk, we found a consistent
relationship between antimicrobial prophylaxis timing and infection
risk with a trend toward lower risk when cephalosporin and other
short infusion-time antibiotics were administered within 30 minutes
prior to incision. Although our data suggest that the optimal timing
is closer to incision than the national performance goal allows, these
data can not exclude the possibility that the observed difference
between the 1 to 30 minutes and 31 to 60 minutes was due to chance
alone. Thus our data do not on their own support moving the
national performance goal for most antibiotics from 60 minutes to
30 minutes, as advocated by some European guidelines.'' However,
the lower infection rate seen in the group closest to incision does
allay concerns that antibiotics can be administered too close to
incision.'?

To our knowledge this is the largest observational study
examining the relationship between antibiotic timing and SSI risk. In
addition to being larger than the pivotal study by Classen et al,® data
for this study were generated almost 2 decades later, during a period
of increased national emphasis on antimicrobial prophylaxis perfor-
mance measures. Antibiotics (excluding vancomycin and fluoro-
quinolones) were administered within one hour before incision in
about 80% of cases in this study compared with 35% in the Classen
study. The increased number of observations within one hour prior
to incision in the current study (2897 compared with 1009) contrib-
utes to our ability to discriminate difference in infection risk closer
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TABLE 5.

Infection Risk and Intraoperative Dosing in Surgeries Lasting at Least 4 Hours*

Intraoperative Redosing in

Surgeries Lasting >4 h Infection/N-at-Risk

Risk Odds Ratio for Infection From

Infection Risk Conditional Logistic Regression (95% CI)

Recommended preoperative timing"

Redosing 2/112

No redosing 22/400
Suboptimal preoperative timing

Redosing 2/35

No redosing 8/143

1.8% Referent Group

5.5% 3.08 (0.74, 12.90), P = 0.06
5.6% Referent Group

5.7% 0.98 (0.22, 4.41), P = 0.98

*Excluding cases receiving vancomycin/fluoroquinolones.

TRecommended was defined as within 60 min prior to incision according to the guidelines.

to the incision. Still, the overall low incidence of infection and the
relatively small differences in infection risk mean that even larger
investigations will be required to definitively address the timing
issue. In a recent observational study from the Netherlands assessing
risk factors for postoperative infection, 87% of 1922 cases received
antibiotics within one hour prior to incision. That study, although
smaller is size and restricted to one surgical procedure (total hip
arthroplasty), found results similar to ours with a decreasing rate of
infections in those who received prophylaxis within 30 minutes prior
to incision."® Another consequence of the high proportion of cases
that received a nonvancomycin/fluoroquinolone antibiotic within
one hour of surgery was the low number of cases that received the
preoperative antibiotic earlier than one hour and which, thereby,
limited our ability to test for the statistical significance of the higher
infection rate seen with early administration.

Strengths of this study include the use of standardized sur-
veillance definitions for SSI (NNIS) and the inclusion of a large
number of hospitals. Also, the timing of antibiotic administration
was recorded with precision and over 90% of cases received appro-
priate antibiotics according to national guidelines. Our findings are
consistent with previous research showing an increased risk of
infection with higher ASA scores and longer surgical duration.'*
The infection rates by surgery type in this study are very similar to
the rates reported by NNIS for cardiac surgery and joint replace-
ments; when combined, these procedures comprised 82% of cases in
this study.'> Although the infection rate for hysterectomy in this
study is somewhat higher than rates reported by NNIS, the denom-
inator for hysterectomy was only 778. Overall, infection rates by
surgery type suggest that our participating hospitals are fairly
representative.

There were several limitations to this study. Although this is
the largest observational study looking at the association between
antibiotic timing and infection, the number of events was small.
Although the low absolute risk of surgical site infections is encour-
aging, the low number of cases limits statistical power. Although all
hospitals used NNIS definitions, there were some differences among
the hospitals in postdischarge surveillance methodologies and pro-
tocols related to long-term follow-up in patients with sternal wires.
Our use of conditional logistic regression controls for potential
confounders associated with hospitals themselves. Conditional lo-
gistic regression calculates the odds ratio of infection associated
with poor timing within each hospital and then calculates a summary
odds ratio across all hospitals. SSI surveillance, according to NNIS
should be continued for 1 year in patients with implanted prosthetic
material. Because of TRAPE study timing, the duration of follow-up
in the remeasurement period was truncated at 3 to 9 months. This
could lead to underascertainment of cases lowering statistical power.
If there is a different association between prophylaxis and the time
of infection occurrence, the lack of long-term follow-up could lead
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to bias in the estimation of effect. Even though the pattern of
association was consistent with an effect of prophylaxis timing on
infection risk, it is possible that prophylaxis timing was confounded
by other infection control practices (such as aseptic procedures,
glucose control, temperature control, and hair removal practice). All
hospitals were volunteers; most were teaching hospitals that may not
be representative of hospitals performing these surgical procedures.
However, we would expect this to affect the overall infection risk
and not the relative impact of prophylaxis timing on infection risk.
Finally, the number of observations using vancomycin was too small
to assess optimal timing for vancomycin.

Intraoperative redosing appeared to reduce the infection risk
in operations lasting more than 4 hours, a finding consistent with
other studies.'®'” Higher infection rates with longer procedures is
well established and is one of the 3 risk stratification variables used
by NNIS.'* How much of this increased rate can be influenced by
antibiotic administration, is unclear. While preoperative dosing was
appropriately timed in 81% of cases, intraoperative redosing was
given in less than 1 in 4 cases in these highly motivated hospitals
participating in a multicenter study. Although intraoperative redos-
ing is not one of the indicators that is publicly reported, there are
opportunities for considerable improvement in performance of this
measure which could decrease infection rates.

These data are consistent with previous studies that show no
impact of prolonging prophylaxis past 24 hours following the
operation and infection risk.'® Despite guidelines and a systematic
review supporting no postoperative dosing,”'®'® only 12.7% re-
ceived no doses following the end of surgery.

In conclusion, these findings confirm and extend the results
previous studies that show a consistent relationship between timing
of prophylactic antibiotics and infection risk and show a trend
toward lower risk when prophylaxis with cephalosporins and other
antibiotics with short infusion times was given within 30 minutes
prior to incision. While full compliance with SCIP measures will
reduce infection rates, focus on existing SCIP measures should not
distract efforts to improve compliance with intraoperative redosing
during long surgeries, an under-recognized cause of antimicrobial
prophylaxis errors.
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APPENDIX A. SSI Surveillance Definitions and Methods

N (%)
SSI definition
Followed the NNIS/NHSN definitions exactly 29 (100)
Followed the NNIS/NHSN definitions with 0
modification
Followed definitions other than NNIS/NHSN 0
Timeframe for including SSI follow-up when sternal
wires used
Within 30 d of the surgery 7 (24.1)
Up to 1 yr after the surgery 18 (62.1)
Don’t know 0
Not applicable 4 (13.8)
How SSI’s are identified during the admission (check all
that apply)
Notification from nursing staff 20 (69.0)
Notification from physician or surgeon 22 (75.9)
Direct observation of wound by ICP 2(6.9)
Review of microbiology reports 28 (96.6)
Review of surgical log/case records 15 (51.7)
Review of pharmacy department antibiotic records 4 (13.8)
Don’t know 0
Other: describe 5(17.2)
How SSI’s are identified after discharge (check all that
apply)
Surgeon surveys via telephone or mail 9 (31.0)
Patient surveys via telephone or mail 1(3.4)
Review of out-patient microbiology reports 19 (65.5)
Notification from ICP (or other staff) at another 15 (51.7)
healthcare facility
Notification from home health nurse 9 (31.0)
Review of out-patient or emergency department 11 (37.9)
records
Review of surgical log/case records 9 (31.0)
Review of pharmacy department antibiotic records 1(3.4)
No post-discharge surveillance was done 3(10.3)
Do not know 0
Other: describe 2(6.9)
How SSI’s are identified upon readmission (check all
that apply)
Notification from nursing staff 15 (51.7)
Notification from physician or surgeon 17 (58.6)
Direct observation of wound by ICP 2(6.9)
Review of microbiology reports 27 (93.1)
Review of surgical log/case records 12 (41.3)
Review of pharmacy department antibiotic records 4 (13.8)
Review of admitting diagnoses 21(72.4)
Do not know 0
Other: describe 6 (20.7)
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