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Abstract

Background: Surgical site infections (SSI) contribute to surgical patients’ morbidity and costs. Operating room
traffic may be a modifiable risk factor for SSI. We investigated the impact of additional operating room
personnel on the risk of superficial SSI (sSSI).
Patients and Methods: In this matched case-control study, cases included patients in whom sSSI developed in
clean surgical incisions after elective, daytime operations. Control subjects were matched by age, gender, and
procedure. Operating room personnel were classified as (1) surgical scrubbed, (2) surgical non-scrubbed, or (3)
anesthesia. We used conditional logistic regression to test the extent to which additional personnel overall and
from each work group were associated with infection.
Results: In total, 474 patients and 803 control subjects were identified. Each additional person among total
personnel and personnel from each work group was significantly associated with greater odds of infection (all
personnel, odds ratio [OR] = 1.082, 95% confidence interval [CI] 1.031–1.134, p = 0.0013; surgical scrubbed
OR = 1.132, 95% CI 1.029–1.245, p = 0.0105; surgical non-scrubbed OR = 1.123, 95% CI 1.008–1.251,
p = 0.0357; anesthesia OR = 1.153, 95% CI 1.031–1.290, p = 0.0127). After adjusting for operative duration,
body mass index, diabetes mellitus, and vascular disease, additional personnel and sSSI were no longer
associated overall or for any work groups (total personnel OR = 1.033, 95% CI 0.974–1.095, p = 0.2746; surgical
scrubbed OR = 1.060, 95% CI 0.952-1.179, p = 0.2893; surgical non-scrubbed OR = 1.023 95% CI 0.907–1.154,
p = 0.7129; anesthesia OR = 1.051, 95% CI 0.926–1.193, p = 0.4442).
Conclusion: The presence of additional operating room personnel was not independently associated with
increased odds of sSSI. Efforts dedicated to sSSI reduction should focus on other modifiable risk factors.

Surgical site infections (SSI) contribute significantly
to increased patient morbidity and death. Affecting

approximately 300,000 patients undergoing surgery an-
nually in the United States, SSIs increase annual health-
care expenditures by $10 billion [1,2]. Mandated SSI
public reporting and links between SSI and reimburse-
ment have emphasized the importance of SSI reduction
efforts. Established SSI risk factors include patients’ co-
morbid conditions, operative factors (i.e., surgical com-
plexity, operative duration, wound class, peri-operative
antibiotic regimen, etc.), and environmental factors (i.e.,
clean air management, equipment sterilization, staff be-
haviors, etc.) [3–14]. Operative and environmental factors

are often considered modifiable. Consequently, SSI re-
duction efforts are frequently focused on mitigating these
risks [15–18].

Personnel movement in and out of operating rooms is
identified as a risk factor for SSIs in the Centers for Disease
Control surgical practice SSI reduction guidelines [19–21].
These recommendations are based on investigations sug-
gesting that human beings are vectors of bacterial transmis-
sion [19,22,23] and that the disruption of intra-operative
airflow can potentially lead to an increased risk of SSI [24–
26]. Operating room traffic is often associated with transi-
tions of care and handoffs, which are believed to contribute to
adverse patient outcomes [27–32], including infection [33]. It
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is unclear whether operating room traffic in general or the
traffic of specific personnel groups impacts SSI risk [34].

We used a case-control study design to test the impact of
increased operating room personnel traffic on the risk of
superficial SSI (sSSI) while controlling for patient factors and
surgical case mix. We tested associations for (1) all operating
room personnel and (2) for three groups of personnel defined
a priori as scrubbed surgical personnel, non-scrubbed surgi-
cal personnel, and anesthesia personnel.

Patients and Methods

Human subjects protections

The Institutional Review Board at Mayo Clinic, Rochester,
MN, approved this study. The requirement for written in-
formed consent was waived.

Identification of cases

For the purpose of quality improvement and external re-
porting, our institution maintains an internal database of SSIs

(Infection and Prevention Control SSI database, Department
of Infection Prevention and Control), which uses an elec-
tronic search algorithm, microbiology data, admission and
surgical diagnostic listing to identify patients with potential
SSIs from our electronic medical record. Two independent
health-care providers (physicians and a nurse) validated these
cases identified by this algorithm by manual chart review.

During the study period of January 2003 through Decem-
ber 2012, all adult patients with clean surgical incisions
(uninfected/clean classification with primary closure) were
identified [35]. Infections were classified as either superficial,
deep, or organ space in our database, and only sSSIs were
included in our final analysis for homogeneity of cases. The
SSIs must have occurred within 30 days after the index sur-
gery. Patients less than 18 years old or pregnant at the time of
surgery were excluded.

To reduce misclassification of personnel exposure, we also
excluded cases cared for by student registered nurse anes-
thetists [30]. To reduce potential spurious effects of after-
hours care, we also excluded operations defined as those
starting between 5 pm and 7 am or ending after 5 pm [30].

Table 1. Demographics by Patient and Control Status

Total (SD, %) Infected (n) Control (n)
1,277 474 803 p

Patient characteristics
Age, y 60.1 (–15.2) 59.5 (–15.6) 60.5 (–15.0) 0.3434
Gender 0.9933

Male 636 ( 49.8%) 236 ( 49.8%) 400 ( 49.8%)
Female 641 ( 50.2%) 238 ( 50.2%) 403 ( 50.2%)

BMI 30.5 (– 7.3) 31.0 (– 7.7) 30.2 (– 7.0) 0.1395
ASA physical status 0.608
I–II 715 ( 56.0%) 261 ( 55.1%) 454 ( 56.5%)
III–V 562 ( 44.0%) 213 ( 44.9%) 349 ( 43.5%)
Diabetes mellitus 245 ( 19.2%) 112 ( 23.6%) 133 ( 16.6%) 0.0019
Congestive heart failure 43 ( 3.4%) 17 ( 3.6%) 26 ( 3.2%) 0.7386
Peripheral vascular disease 57 ( 4.5%) 29 ( 6.1%) 28 ( 3.5%) 0.0278
Asthma/COPD 185 ( 14.5%) 77 ( 16.2%) 108 ( 13.4%) 0.1704
Cerebrovascular disease 76 ( 6.0%) 37 ( 7.8%) 39 ( 4.9%) 0.0314

Surgical characteristics
Specialty 0.9149

General 121 ( 9.5%) 45 ( 9.5%) 76 ( 9.5%)
Neurosurgery 64 ( 5.0%) 27 ( 5.7%) 37 ( 4.6%)
Orthopedic 255 ( 20.0%) 91 ( 19.2%) 164 ( 20.4%)
Spine 673 ( 52.7%) 249 ( 52.5%) 424 ( 52.8%)
Vascular 164 ( 12.8%) 62 ( 13.1%) 102 ( 12.7%)

Operative duration, h Mean (SD) 2.3 (– 1.6) 2.5 (– 1.7) 2.2 – ( 1.5) 0.0004
Hour intervals 0.0006
<1 205 ( 16.1%) 59 ( 12.4%) 146 ( 18.2%)
1 – <2 449 ( 35.2%) 163 ( 34.4%) 286 ( 35.6%)
2 – <3 323 ( 25.3%) 109 ( 23.0%) 214 ( 26.7%)
3 – <4 144 ( 11.3%) 71 ( 15.0%) 73 ( 9.1%)
4 – <5 75 ( 5.9%) 36 ( 7.6%) 39 ( 4.9%)
5 – <6 44 ( 3.4%) 16 ( 3.4%) 28 ( 3.5%)
6 – <7 25 ( 2.0%) 13 ( 2.7%) 12 ( 1.5%)
7 – 7+ 12 ( 0.9%) 7 ( 1.5%) 5 ( 0.6%)
Procedure start time 0.8769

7am–1am 895 ( 70.1%) 336 ( 70.9%) 559 ( 69.6%)
11am–3pm 377 ( 29.5%) 136 ( 28.7%) 241 ( 30.0%)
3pm–5pm 5 ( 0.4%) 2 ( 0.4%) 3 ( 0.4%)

SD = standard deviation; BMI = body mass index (kg/m2); ASA = American Society of Anesthesiologists; COPD = chronic obstructive
pulmonary disease.
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Identification of control subjects

Patients were matched by age (– 5 years), gender, Amer-
ican Society of Anesthesiology Physical Status (– 1), date of
surgery (– 2 y) (to account for secular trends in SSI pre-
vention practices), and Common Procedural Terminology�

code. As many as three control subjects were assigned via
proportional matching per patient based on availability of
well-matched control subjects.

Measurement of operating room personnel

Intra-operative provider data were abstracted from the sur-
gical information reporting system, which logs all surgical and
anesthesia personnel who enter the operating room as part of the
patient care team (including those providing meal/bathroom
breaks). Each person is accounted for once during the case, and
our system does not account for multiple badging.

Persons were grouped according to role and included sur-
gical scrubbed personnel (staff surgeons, resident surgeons,
surgical assistants, surgical technicians, physician assis-
tants, nurse practitioners, and visiting clinicians), surgical
non-scrubbed personnel (circulating nurses, peri-operative
nurses, and surgical recorders), and anesthesia personnel
(anesthesiologists, resident anesthesia physicians, and certi-
fied registered nurse anesthetists [CRNAs]). Rarely, addi-
tional personnel were also present in the operating room
including product sales representatives and guest or medical/
nursing student observers, whom we classified in this study as
‘‘other’’ personnel. Operating room personnel were classified
by quartile for data analysis.

Demographic and co-variable data

Baseline demographic information and potential risk fac-
tors for sSSI were abstracted from the electronic medical
record. Cases were grouped by surgical specialty (general,
neurosurgery, orthopedic, spine, vascular). Times of day and
operative duration were obtained from our surgical infor-
mation reporting system.

Analytic approach

We present data as mean (– standard deviation) for con-
tinuous data or number (percent) for categoric data. Simple
comparisons between the patient and control groups were
performed with t-test or chi-square test as appropriate. Before
hypothesis testing, we investigated potential multi-collinearity
among variables specifying specific personnel groups and
operative duration, and tolerance among the personnel groups
and operative duration were greater than 0.5.

Conditional logistic regression was used to test the extent
to which one additional operating room personnel, either in
general or within each personnel group, was associated with
sSSI while adjusting for known confounding variables. For
the purpose of this study, we are assuming a direct relation
between intra-operative personnel volume and operating
room traffic. To avoid a potentially spurious finding, we
explored multiple variable forms for operative duration to
achieve maximal adjustment and to minimize residual con-
founding. To do this, we selected the variable form that re-
sulted in the smallest odds ratio and least significant p value
for effect of operating room personnel. All statistical analyses
were performed using SAS� 9.4, Cary, NC.

Results

Baseline comparison of patients and control subjects

In all, 474 patients and 803 matched control subjects were
included. There was a significantly higher proportion of pa-
tients with diabetes mellitus (23.6% vs. 16.6%, p = 0.0019),
cerebrovascular disease (7.8% vs. 4.9%, p = 0.0314), and op-
erative duration (2.5 – 1.6 vs. 2.2 – 1.5 h, p = 0.0004) compared
with the control group (Table 1).

Distribution of personnel by case status

Distributions of operative duration and total personnel among
patients and control subjects were similar (Fig. 1), although
more intra-operative personnel participated in the cases versus
control subjects (14.4 – 3.0 vs. 11.8 – 2.8, p = 0.0002) (Table 2).
The mean number of anesthesia in-room providers (defined as
resident physicians and CRNAs) was greater among cases ver-
sus control groups (2.3 – 0.9 vs. 2.2 – 0.9, p = 0.0035). The mean
number of surgical assistants/technicians was greater among
cases versus control groups (1.7 – 0.8 vs. 1.6 – 0.7, p = 0.0353).

Matched, unadjusted associations
among personnel groups

Additional intra-operative personnel was associated with
greater odds of infection in an unadjusted conditional

FIG. 1. Distribution of operative duration (A) and total
personnel (B) among patients and control subjects.
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Table 2. Number of Operating Room Personnel by Patient versus Control Status

Total Infected Control p

Total providers
Mean (SD) 12.0 ( 2.9) 14.4 ( 3.0) 11.8 ( 2.8) 0.002
Quartile (% total) 0.0086
1 (6–10) 390 (30.5%) 125 (26.4%) 265 (33.0%)
2 (11–12) 452 (35.4%) 161 (34.0%) 291 (36.2%)
3 (13) 135 (10.6%) 58 (12.2%) 77 ( 9.6%)
4 (14+) 170 (21.2%) 130 (27.4%) 170 (21.2%)

Surgical, scrubbed
Mean (SD) 4.1 ( 1.4) 4.2 ( 1.5) 4.0 ( 1.3) 0.0131
Quartile (IQR) 0.0063
1 (2–3) 476 (37.3%) 163 (34.45) 313 (39.0%)
2 (4) 451 (35.3%) 167 (35.2%) 284 (35.4%)
3 (5) 206 (16.1%) 72 (15.2%) 134 (16.75)
4 (6+) 144 (11.3%) 72 (15.2%) 72 ( 9.0%)

Surgical, not scrubbed
Mean (SD) 4.4 ( 1.2) 4.5 ( 1.2) 4.4 ( 1.2) 0.0132
Quartile (IQR) 0.0257
1 (2–3) 239 (18.7%) 70 (14.85) 169 (21.1%)
2 (4) 543 (42.5%) 209 (44.1%) 334 (41.6%)
3 (5) 303 (23.7%) 133 (23.85) 190 (23.7%)
4 (6+) 192 (15.0%) 82 (17.3%) 110 (13.7%)

Anesthesia
Mean (SD) 3.5 ( 1.2) 3.6 ( 1.2) 3.4 ( 1.2) 0.0073
Quartile (IQR) 0.0497
1 (1–2) 235 (18.4%) 72 (15.2%) 163 (20.3%)
2 (3) 479 (37.5%) 176 (37.1%) 303 (37.7%0
3 (4) 350 (27.4%) 134 (28.3%) 216 (26.9%)
4 (5+) 213 (16.7%) 92 (19.4%) 121 (15.1%)

SD = standard deviation; IQR = interquartile range.

Table 3. Conditional Logistic Regression Model of Association between Operating Room

Personnel Groups and Superficial Surgical Site Infection

Surgical scrubbed model Surgical non-scrubbed model Anesthesia model
Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)

Covariates
Number of personnel 1.060 (0.952 – 1.179) 1.023 (0.907 – 1.154) 1.051 (0.926 – 1.193)
Operative duration 1–2 h

vs. less than 1 h
1.783 (1.123 – 2.831) 1.820 (1.149 – 2.883) 1.788 (1.126 – 2.839)

Operative duration 2–3 h
vs. less than 1 h

1.709 (1.020 – 2.862) 1.775 (1.063 – 2.966) 1.728 (1.030 – 2.898)

Operative duration 3–4 h
vs. less than 1 h

3.102 (1.732 – 5.557) 3.258 (1.825 – 5.816) 3.152 (1.759 – 5.650)

Operative duration 4–6 h
vs. less than 1 h

2.712 (1.382 – 5.324) 2.942 (1.514 – 5.716) 2.791 (1.419 – 5.487)

Operative duration 6 + h
vs. less than 1 ha

4.171 (1.624 – 10.712) 4.693 (1.857 – 11.861) 4.327 (1.678 – 11.158)

Unknown vs. normal BMI 1.057 (0.544 – 2.056) 1.054 (0.542 – 2.049) 1.066 (0.548 – 2.074)
Obese vs. normal BMI 1.004 (0.712 – 1.415) 0.994 (0.706 – 1.401) 0.994 (0.705 – 1.400)
Overweight vs. normal BMI 1.013 (0.714 – 1.438) 1.011 (0.713 – 1.435) 1.013 (0.714 – 1.438)
Underweight vs. normal BMI 1.224 (0.361 – 4.146) 1.188 (0.353 – 3.996) 1.206 (0.357 – 4.072)
Diabetes mellitus 1.614 (1.166 – 2.234) 1.609 (1.163 – 2.228) 1.618 (1.168 – 2.240)
Peripheral vascular disease 1.911 (0.981 – 3.723) 1.909 (0.980 – 3.719) 1.907 (0.978 – 3.720)
Cerebrovascular disease 1.557 (0.909 – 2.668) 1.543 (0.900 – 2.647) 1.530 (0.892 – 2.626)

OR = odds ratio; CI = confidence interval; BMI = body mass index.
aOverall p values for operative duration covariate are 0.0027, 0.0009, and 0.0021 for surgical scrubbed, surgical non-scrubbed, and

anesthesia personnel, respectively.
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regression model (odds ratio [OR] 1.082, 95% confidence
interval [CI] 1.031–1.134, p = 0.0013). This association re-
mained significant within each personnel group: surgical
scrubbed personnel (OR 1.132, 95% CI 1.029–1.245,
p = 0.0105), surgical non-scrubbed personnel (OR 1.123,
95% CI 1.008–1.251, p = 0.0357), and anesthesia personnel
(OR 1.153, 95% CI 1.031–1.290, p = 0.0127). In an explor-
atory analysis including all three personnel groups in the
same model, these associations were not statistically signif-
icant (Supplementary Table 1; see online supplementary material
at ftp.liebertpub.com).

Matched, adjusted regression models among total
number of personnel and personnel groups

After adjustment for operative duration and patient factors,
the association between the number of intra-operative per-
sonnel and sSSI was no longer statistically significant for
total personnel or for any of the three personnel groups. Other
variables, however, were found to be associated indepen-
dently with increased odds of sSSI, including diabetes mel-
litus and operative duration (Table 3).

Sensitivity analyses

To evaluate for potential non-linear effects, each per-
sonnel group was evaluated as a categoric variable. No
dose-response effects (e.g., greater number of personnel cor-
responding to greater risk) were found (Supplementary Table 2;
see online supplementary material at ftp.liebertpub.com). In
addition, measures of care process adherence (i.e., antibiotic
administration) and operative intensity (i.e., estimated blood
loss and transfusion) were compared between patients and
control subjects, and differences were not statistically or clini-
cally significant (Supplementary Table 3; see online supple-
mentary material at ftp.liebertpub.com).

Discussion

We investigated the extent to which operating room traffic
was a modifiable risk factor for sSSI by determining whether
the presence of additional operating room personnel was
associated with greater odds of sSSI. In this retrospective,
case-control study, operating room traffic was not indepen-
dently associated with sSSI overall or for any specific group
of operating room personnel (scrubbed surgical, non-scrubbed,
or anesthesia). The validity of these null findings was sup-
ported by the observed increase in sSSI with known risk fac-
tors such as operative duration and diabetes mellitus. Together,
these findings suggest that limiting additional operating room
traffic is not a strong modifiable risk factor for sSSI.

National guidelines have proposed that additional operat-
ing room personnel may represent a risk factor for SSI de-
velopment and should be limited when possible [21]. These
recommendations, however, are based on expert opinion and
mechanistic plausibility rather than clinical data [34]. Several
previous articles have suggested that operating room traffic
may contribute to infection risk by disrupting airflow pat-
terns, lapses in recommended aseptic technique, operating
room distractions, operative delays, and handoff errors. These
studies, however, do not directly address the relationship be-
tween operating room traffic and SSI risk, but rather evaluate
several indirect markers of infection [19,22–25,30,33,36].

Some studies have demonstrated that the implementation
of surgical care bundles focusing on operating room staff
behaviors, including limiting operating room traffic, sig-
nificantly decreased SSI rates [17,18,37]. These investiga-
tions, however, were not able to demonstrate the unique
benefit of limiting operating room traffic because the care
bundles included multiple elements of which limiting op-
erating room traffic was just one part. In contrast to the
above studies, the present study directly examined the as-
sociation between operating room traffic and SSI as a pri-
mary end point and found no strong relation across all
work groups.

This study benefited from a large, multi-specialty case mix
focused on clean surgical incisions. One explanation for a
lack of association between additional operating room per-
sonnel and sSSI may be uniformly high or low levels of
operating room personnel in our population. Perhaps a
threshold has been reached where further limiting operating
room traffic will not have a significant effect on infection rate.

The presence and importance of exposure homogeneity can-
not be assessed because there are no external benchmarks for the
number of operating room personnel. Interestingly, the models
did not demonstrate a significant association of elevated BMI as
would be assumed [7,14,38], perhaps because of the relatively
high mean BMI in our study population. The present study did,
however, corroborate previously demonstrated significant as-
sociations between known risk factors of diabetes mellitus and
operative duration with greater odds of sSSI [4,5,11].

Conclusions from this study are limited primarily by the
retrospective, single-center design. It is possible that occa-
sional personnel may have entered operating rooms to carry
laboratory specimens or communicate about other matters, yet
not have been recorded. We have no evidence, however, of this
misclassification and do not believe this measurement error
would contribute to a spurious finding. In addition, although
we are highly confident in the validity of our search algorithm,
there is a potential that some cases of SSI were missed by our
system. This would, however, be a small number and unlikely
to affect our findings. Finally, our analyses were intended as
hypothesis-generating primarily and did not, by intent, adjust
for multiple comparisons.

Conclusion

Additional operating room personnel were not associated
with increased odds of sSSI in clean surgical incisions after
adjusting for operative duration, patient factors, and for in-
dividual intra-operative personnel groups (surgical scrubbed,
surgical non-scrubbed, and anesthesia personnel). This in-
vestigation did not find compelling evidence that operating
room traffic is a modifiable risk factor for sSSI.
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