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Hand Contamination of Anesthesia Providers Is an
Important Risk Factor for Intraoperative
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BACKGROUND: We have recently shown that intraoperative bacterial transmission to patient IV
stopcock sets is associated with increased patient mortality. In this study, we hypothesized that
bacterial contamination of anesthesia provider hands before patient contact is a risk factor for
direct intraoperative bacterial transmission.
METHODS: Dartmouth–Hitchcock Medical Center is a tertiary care and level 1 trauma center with
400 inpatient beds and 28 operating suites. The first and second operative cases in each of 92
operating rooms were randomly selected for analysis. Eighty-two paired samples were analyzed. Ten
pairs of cases were excluded because of broken or missing sampling protocol and lost samples. We
identified cases of intraoperative bacterial transmission to the patient IV stopcock set and the
anesthesia environment (adjustable pressure-limiting valve and agent dial) in each operating room
pair by using a previously validated protocol. We then used biotype analysis to compare these
transmitted organisms to those organisms isolated from the hands of anesthesia providers obtained
before the start of each case. Provider-origin transmission was defined as potential pathogens
isolated in the patient stopcock set or environment that had an identical biotype to the same
organism isolated from hands of providers. We also assessed the efficacy of the current intraoperative cleaning protocol by evaluating isolated potential pathogens identified at the start of case 2. Poor
intraoperative cleaning was defined as 1 or more potential pathogens found in the anesthesia
environment at the start of case 2 that were not there at the beginning of case 1. We collected clinical
and epidemiological data on all the cases to identify risk factors for contamination.
RESULTS: One hundred sixty-four cases (82 case pairs) were studied. We identified intraoperative bacterial transmission to the IV stopcock set in 11.5% (19/164) of cases, 47% (9/19) of
which were of provider origin. We identified intraoperative bacterial transmission to the
anesthesia environment in 89% (146/164) of cases, 12% (17/146) of which were of provider
origin. The number of rooms that an attending anesthesiologist supervised simultaneously, the
age of the patient, and patient discharge from the operating room to an intensive care unit were
independent predictors of bacterial transmission events not directly linked to providers.
CONCLUSION: The contaminated hands of anesthesia providers serve as a significant source of
patient environmental and stopcock set contamination in the operating room. Additional sources
of intraoperative bacterial transmission, including postoperative environmental cleaning practices, should be further studied. (Anesth Analg 2011;112:98 –105)

T

he intraoperative environment is an important contributor to the development of health care–associated
infections.1 Increasing community awareness of this
issue, pay-for-performance policies, and quality of patient
care all demand the development of preventive measures.2 A
better understanding of the underlying mechanism by which
bacterial transmission occurs is necessary to further this process.
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We have recently demonstrated that potentially pathogenic organisms, including multidrug-resistant bacteria, are
transmitted to both patients and the immediate, intraoperative patient environment (adjustable pressure-limiting [APL]
valve and agent dial on the anesthesia machine) during
routine administration of general anesthesia.3 In this previous
study, 61 operating rooms (ORs) at Dartmouth–Hitchcock
Medical Center were randomly selected for observation during the first case of the day. Transmission events were defined
by isolation of potential pathogens from the observed intraoperative environmental sites (APL valve and agent dial) and
patient stopcock sets at case conclusion but not at case start.
We found that the anesthesia environment became contaminated at case conclusion more frequently than at the start of
the case with a mean increase of 115 (median increase 24)
colonies per surface sampled (P ⬍ 0.001), and that contamination occurred in cases as short as 4 minutes. Increasing
bacterial contamination of the intraoperative environment
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was in turn associated with an increased risk of patient
contamination via the stopcock set, and contamination of
patient stopcock sets was associated with a significant increase in patient mortality.3
In the present study, we examined the origin of intraoperative bacterial transmission. We hypothesized that
bacterial contamination of anesthesia provider hands
before patient contact would serve as an important risk
factor for this transmission. The primary aim for this study
was to look for direct microbiological evidence to support
this hypothesis. Our secondary aim was to evaluate the
potential role of environmental decontamination practices
in the OR in interrupting the transmission of organisms.

METHODS
General Description
This was a prospective observational study performed in
2008 in the 28 operating suites at Dartmouth–Hitchcock
Medical Center. The study was designed to characterize the
incidence of provider-origin intraoperative bacterial transmission. Approval and waiver of informed patient consent
were obtained from the Committee for Protection of Human
Subjects. Over 40 consecutive working days (Monday–Friday)
during 2 consecutive months (September and October),
92 pairs of patients undergoing anesthesia according to
usual practice in randomly selected ORs were evaluated.
All anesthesia providers had access to intraoperative
hand hygiene devices, including a wall-mounted 60%
alcohol dispenser immediately available to providers
upon entry to the OR and a 70% alcohol dispenser
located on the anesthesia cart. Hand hygiene compliance
was measured independently during the study period by
infection control officers via direct perioperative observational methodology.

Figure 1. A and B, Sites where the anesthesia machine and the
stopcock set were sampled.

Protocol
Ninety-two pairs of ORs were randomly selected for study
by a computer-generated list, and 82 pairs were included in
the final analysis. The first and second cases of the day in
each room were studied sequentially, with patients in each
room receiving general anesthesia according to usual practice. We used a previously validated experimental protocol3 to identify bacterial transmission to 2 sites in the
patient anesthesia environment (APL valve and agent dial
on the anesthesia machine) and each patient’s IV stopcock
set (Fig. 1). Concurrently, we used a validated experimental
protocol (modified glove juice technique)4 to sample the
hands of anesthesia providers (attending and resident
physicians and certified registered nurse anesthetists
[CRNA]) caring for these patients.
As is depicted in Figure 2, we first obtained baseline
bacterial cultures at case start of the case 1 operative
environment after active decontamination of these sites by
the study investigators with a quaternary ammonium compound (panel A). Baseline stopcock samples were not
obtained, because these have been shown to be invariably
negative upon removal from the sterile packaging material.3 All patients received fresh IV stopcock sets immediately
before case 1. Using the modified glove juice technique,4 we
also obtained samples from the hands of anesthesia providers as they entered the OR but before patient contact (panel
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Figure 2. Intraoperative sampling schematic: case 1 and case 2
were sampled in series from A3 F. A, baseline samples of the case
1 environment (adjustable pressure-limiting valve and agent dial)
obtained after active decontamination by study personnel before
room set-up. Cultures from stopcock sets had been previously
shown to be invariably negative when removed from the packaging
material. B, samples of hands obtained as providers entered the
room before start of case 1. C, environment and stopcock sets
cultured at case 1 end. D, cultures of the environment at case 2 start
obtained after routine cleaning of this environment by operating
room staff. E, hands of providers sampled before start of case 2. F,
environment and stopcock set cultured at end of case 2. A transmission event was defined as the presence of a bacterial organism
to any stopcock set or to any environmental site if not present in the
environment at case start (panel A). Bacterial organisms found on
provider hands were compared by biotype analysis to each of these
transmission events.

B). We have a mixed-practice model that includes both solo
providers and anesthesia care team providers; thus we
chose to obtain 1 culture for each case. Hand samples were
not obtained from providers if they had already physically
contacted the patients. Providers were asked to use the
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stopcock set that the investigators identified for all medication administration during the anesthetic. Upon completion of case 1, the patient stopcock set and environmental
sites were sampled (panel C). Transmission events were
defined as bacterial organisms that were found at the end
of a case that were not present at the start of the case.
Baseline cultures for case 2 were then obtained after a
standard OR cleaning procedure (panel D). Bacterial organisms that were found before the start of case 2, and that
were not present at baseline before case 1, served as a
measure of cleaning efficacy (panel D). We then sampled
the hands of the same anesthesia providers when they
entered the OR at the start of case 2 before patient contact
(panel E). Finally, cultures of the environment and patient
IV stopcock set were obtained again upon completion of
case 2 (panel F). All transmitted organisms to the stopcock
sets or patient operative environment were then compared,
using biotype analysis, with samples taken from the hands of
anesthesia providers. Providers were identified as the origin
of this transmission only if biotype analysis confirmed (by a
series of biochemical reactions) that the organism found on
the hand of the provider was the exact same organism found
in the stopcock or environment (Fig. 2).
The level of training of anesthesia providers (CRNA and
attending and resident physicians), number of rooms simultaneously supervised by an attending anesthesiologist,
patient demographics (ASA physical status, age, gender,
and preoperative and postoperative locations), and surgical
information (procedure type and case duration) were recorded for each case.

Definitions
1. Potential pathogen transmission event. One or more
bacterial organisms isolated at case end (case 1 or 2) in the
anesthesia environment (APL valve and agent dial) or the
patient stopcock set that were not present at the start of case
1. Transmission events were identified by use of a previously validated protocol.3
2. Provider origin of the transmission event. One or more
transmitted potential pathogens that were (a) also found on
the hand of 1 or more anesthesia providers before the start
of patient care and (b) had an identical biotype to the same
organism found on the provider(s) hand.
Example. Methicillin-resistant Staphylococcus aureus (MRSA)
(biotype 0012465) on provider is not the same organism as
MRSA (biotype 1001245) found in the stopcock or anesthesia
environment. MRSA (biotype 0012465) on the provider hand
is the same organism as MRSA (biotype 0012465) in the
stopcock or environment. This organism most likely originated from the provider, because it was not present at
baseline (the start of case 1) and was obtained before patient
interaction.
3. Ineffective decontamination. A potential pathogen isolated in the anesthesia environment (APL valve or agent
dial) at the start of case 2 following standard OR cleaning
and decontamination procedures that was not present at
the start of case 1.
4. Horizontal transmission. Ineffective decontamination of
an organism that was left behind by a provider (provider
origin) during case 1 that ultimately contaminated the
stopcock set of patient 2 during case 2.
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Microbiological Methodology
Sampling of Anesthesia-Provider Hands
Participants submerged their dominant hand for 60 s into a
sterile polyethylene bag of modified glove juice formula
containing 50 mL of sampling solution (pH 7.9, containing
3.0 g/L NaCl, 0.1 g/L CaC2 0.2 g/L KCl, 0.1 g/L MgCl2, 0.2
g/L KH2PO4, 1.15 g/L K2HPO4). This solution was intended to neutralize residual antiseptic on the skin and
facilitate identification and quantification of microorganisms by dispersing the colonies into single cells, which were
then counted as colony-forming units (CFUs).5 The sterility
of glove juice solution was evaluated and confirmed at
regular intervals.
Sampling of the Anesthesia Environment (T0 ⴝ Case
beginning, T1 ⴝ Case end)
Two sites on the anesthesia machine previously shown to
be heavily contaminated during the provision of anesthesia
were used to monitor intraoperative bacterial contamination of the anesthesia work area (the patient environment).
After decontamination of the APL valve complex and agent
dial with Dimension III disinfectant solution according to
manufacturer’s recommendations, baseline cultures at case
start (T0) were obtained by using sterile polyester fibertipped applicator swabs moistened with sterile transport
medium (BactiSwab; Remel, Lenexa, KS) rolled over the
entire surface area. The samples were then inoculated on
sheep blood agar plates using a zigzag pattern and swab
rotation to detect both Gram-positive and Gram-negative
bacteria.6 These cultures were repeated at case conclusion,
time one (T1).
Sampling of Peripheral IV Tubing (3-Way Stopcocks
[T1stopcock])
A sterile nasopharyngeal swab (BactiSwab) moistened with
sterile transport medium was inserted into the internal
surfaces of each injection port of the three-way stopcocks
and rotated 360° ten times to culture. Each bacterial swab of
the injection port lumen was inoculated on a sheep blood
agar plate using a zigzag pattern and swab rotation.7
Microbial Culture Conditions
All blood agar plates were incubated at 35°C for 48 h and
microorganisms were quantified according to colonies per
surface sampled and identified according to standard laboratory methods as described below.6
Bacterial Identification
Bacterial organisms recovered from provider hands, the
anesthesia work area, or patient (IV stopcock sets) were
presumptively identified by colony morphology, Gram
stain, and simple rapid tests. These organisms then underwent further identification as described below.
Gram-positive organisms were identified using the
Dade Behring MicroScan (San Diego, CA). Positive Identification type 2 panel intended for identification of rapidly
growing aerobic and facultative Gram-positive cocci (some
fastidious aerobic Gram-positive cocci and Listeria monocytogenes). Organism identification was based on modified
conventional and chromogenic tests using pH changes,
substrate use and growth in the presence of antimicrobial
agents after 24 h incubation at 35°C.
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Recovered organisms were identified by standard clinical microbiology techniques supplemented by chromogenic
panels (Dade-Behring Microscan) and antimicrobial susceptibility by broth microdilution (Dade-Behring Microscan)
or Kirby-Bauer disk diffusion. MRSA and vancomycinresistant enterococcus (VRE) were confirmed by agar dilution
minimal inhibitory concentration.5,6

Outcomes and Statistical Analysis
This study was powered to examine the relationship between contaminated stopcocks and provider origin of
transmission. While stopcock contamination may be as
high as 32%,3 a 15% rate of stopcock transmission would
clearly warrant intervention, because a single stopcock
transmission event likely increases patient morbidity and
mortality.3 We hypothesized a stopcock contamination rate
of 32% with an alternate rate of 15%. As such, approximately 92 pairs resulting in 184 patients allowed 0.9 power
with a type 1 error rate of 0.05 to analyze provider origin of
stopcock contamination.
The primary outcome in this study was the incidence of
anesthesia provider origin of intraoperative bacterial transmission to the patient environment or IV stopcock set. The
secondary outcomes were bacterial speciation of transmission events, provider variability in hand contamination,
horizontal transmission, and the adequacy of anesthesia
environment decontamination practices. The primary outcome of provider-origin bacterial transmission was considered binary and evaluated by univariate logistic regression
analysis and results reported as odds ratios. The Wilcoxon
rank-sum (Mann–Whitney) test was used to compare hand
contamination of providers (CFU) by case 1 versus case 2.
Comparisons of hand contamination (CFU) by trainee level
were made using the Bonferroni analysis of variance. All
other outcomes were considered continuous, and we report
the mean, SD, and 95% confidence intervals (CI).
Univariate logistic regression analysis was used to examine the dependence of provider, patient, and environmental transmission on multiple covariates: primary
provider type (CRNA, resident physician, or attending
physician), the duration and type of surgery, the preoperative and discharge patient location (intensive care unit
[ICU], inpatient ward, or same day), urgency of surgery
(emergent, urgent, or elective), the ASA status, patient age,
and patient gender. An ␣ of ⬍0.05 was considered statistically significant. All analyses were conducted using Stata
9.0 software (College Station, Texas).

RESULTS
Ninety-two ORs with 184 scheduled patients (first and
second case of the day) were randomly selected for analysis. Three cases were cancelled unexpectedly, and 17 cases
were excluded from analysis because of improper handling
of samples (n ⫽ 12) or culture plates that were broken or
missing (n ⫽ 5) (Fig. 3). Thus, 164/184 cases were included
in the final analysis. Patients underwent a variety of
surgical procedures, reflecting a diverse sample frame of
general anesthesia (Table 1). There were no differences in
the ASA status, age, gender, or surgical procedure in those
patients with an intraoperative transmission event in comparison with those without such an event.
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Figure 3. Operating room randomization. Ninety-two operating rooms
were randomly selected for observation, but 10 of these were
excluded from the final analysis.

The spectrum of bacterial contamination found on provider hands before intraoperative patient care is shown in
Table 2. Overall, 66% of provider hands were contaminated
with 1 or more major pathogens (MRSA, VRE, methicillinsensitive Staphylococcal aureus, Enterococcus, and Enterobacteriaceae). The overall mean number of total CFUs
found on the hands of providers was 1045 (95% CI: 210 to
2000). Attending anesthesiologists had significantly less
overall hand contamination than did both residents and
CRNAs (attending mean 655, 95% CI: 150 to 1150; resident
mean 1201, 95% CI: 250 to 2000; CRNA mean 1014, 95% CI:
200 to 2000) (mean difference attending vs. resident physician ⫺545, P ⬍ 0.001; mean difference attending vs. CRNA
⫺358, P ⫽ 0.021). There was no difference between residents and CRNAs in terms of total hand contamination
(mean difference ⫺186, P ⫽ NS). The magnitude of contamination (number of CFUs) found on provider hands
before case 1 was higher than that before the start of case 2
(case 1 mean 1224, 95% CI: 1000 to 2000; case 2 mean 883,
95% CI: 900 to 2000) (P ⬍ 0.001).
Overall bacterial transmission to the intraoperative environment occurred in 146/164 (89%) of cases, and providers were identified as the origin of this transmission in 12%
(17/146) of cases. Overall bacterial transmission to the
patient IV stopcock set was identified in 19/164 (11.5%) of
cases, and anesthesia providers were identified as the
origin of this transmission in 47% (9/19) of cases. Contamination of the environment before the start of case 2 (a
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Table 1. Patient and Provider Characteristics
Number of cases
Age, years (mean, [SCAP]SD[R])
Gender (male)
ASA* physical status
I
II
III
IV
SENIC (mean, [SCAP]SD[R])
Location of case
Same day
Floor
ICU
Emergent status
Elective
Urgent
Emergent
Procedure
Orthopedic
General abdominal
Gynecologic
Vascular
Ear, nose, throat
Neurosurgical
Neurological
Plastics
Urological
Breast
Thoracic
Other
Training
Resident
CRNA
Attending
Rooms ⬎1
Duration ⬎2 hours

N (%)
164
50.3 ⫾ 20.7
86 (53.1)
21 (13)
87 (53)
51 (31)
5 (3)
1.3 ⫾ 0.9
145 (88)
16 (10)
3 (2)
148 (91)
12 (7)
3 (2)
54 (33)
27 (16)
13 (8)
12 (7)
12 (7)
11 (7)
4 (2)
9 (5)
6 (4)
4 (2)
3 (2)
9 (5)
81 (49)
55 (34)
28 (17)
128 (78)
73 (45)

ASA ⫽ American Society of Anesthesiology health classification system;
SENIC ⫽ Study on the Effect of Nosocomial Infection Control; ICU ⫽ intensive
care unit; CRNA ⫽ certified registered nurse anesthetist.

Table 2. Baseline Provider Hand Contaminationa
Organism
MRSA
MSSA
VRE
Enterococcus (non-VRE)
Staph other
Micrococcus
Corynobacterium
Streptococcus
Gram negativeb

Providers N/total (%)
12/164 (7%)
18/164 (11%)
4/164 (2%)
1/164 (0.6%)
164/164 (100%)
110/64 (67%)
14/164 (9%)
128/164 (78%)
81/164 (49%)

MRSA ⫽ methicillin-resistant Staphylococcus aureus; MSSA ⫽ methicillinsensitive Staphylococcus aureus; VRE ⫽ vancomycin-resistant Enterococcus.
a
Samples taken upon entry to the patient environment but before patient
contact and after an opportunity to perform hand hygiene.
b
E. coli, Klebsiella, Serratia, Pseudomonas, and Acinetobacter.

measure of the efficacy of decontamination practices) occurred in 7% of ORs analyzed (6/82) and was linked to
stopcock contamination in 5% (1/19) of cases. All identified
transmission events are described in Table 3.
In this experimental model we were able to confirm 1
occurrence of intraoperative horizontal transmission (1%,
1/92 pairs of ORs): ineffective decontamination of provider
hands before case 1, leading to contamination of the
environment and stopcock during case 1, followed by
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ineffective decontamination of the environment after case
1, followed by ineffective hand decontamination while
interacting with the environment in case 2, followed by
contaminated patient IV stopcock set at the end of case 2
(Table 3).
A univariate logistic regression analysis identified no
independent risk factors for provider-origin transmission.
However, independent predictors of environmental contamination not linked to a provider source included surgery involving the first case of the day, anesthesia provider
supervision of more than 1 room, increasing patient age,
and discharge to the ICU from the OR (Table 4).

DISCUSSION
In this study, we evaluated the potential link between
provider hand contamination immediately before patient
contact and intraoperative transmission of the same bacterial organisms. We validated our prior observations
pertaining to intraoperative bacterial transmission of potentially pathogenic bacterial organisms to both the patient
stopcock set and the patient care environment during the
routine practice of general anesthesia. Previously, we demonstrated that such transmission was associated with increased patient mortality.3 The current study extends these
observations by demonstrating that provider hand contamination immediately before patient care was a source
for some, but not all, of the intraoperative contamination
that we observed. In addition, the findings of this study
provide insight into other, potentially modifiable, risk
factors for intraoperative bacterial transmission, including
ineffective decontamination strategies.
The spectrum of bacterial contamination found on the
hands of the providers in this study is not unlike that
described for health care workers in similarly fast-paced
environments.8 The reason for the magnitude of hand
contamination despite a 90% reported perioperative hand
hygiene compliance rate during the study time period is
unclear and requires further study. It is likely due to ineffective hand decontamination practices despite adequate decontamination events. As is suggested by the difference between
providers in total contamination, as was shown in this study,
there may be educational deficits among certain types of
providers regarding hand hygiene importance, technique,
and efficacy. Similar to survey reports of the attitudes and
beliefs of anesthesia providers regarding hand hygiene,9 this
study suggests that there is a need for further education even
at the level of experienced health care providers.
The most striking finding of this study was the evidence
that bacterial organisms found on the hands of providers in
a “snap shot” in time immediately before patient contact
explained a fairly large proportion of the subsequent overall environmental and patient IV stopcock set contamination. Repeated measurements of hand contamination
throughout the period we studied (case 1 and case 2) might
have explained an even larger portion of the overall bacterial transmission. This concept is supported by the univariate logistic regression analysis, which suggests that the risk
of bacterial transmission events that were not linked to
providers is independently predicted by an anesthesia
attending physician caring for patients in more than 1
room. In concordance with the World Health Organization
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Table 3. Evidence for Intraoperative Transmission of Bacterial Pathogens from Anesthesia Provider Hands
to the Anesthesia Environment and Patient IV Catheters
Case 1
Before case 1
Provider hands
(site B)
Direction of transmission 3
Organism
Micro
Attending
S. epi
Attending
S. hae
Attending
S. epi
Attending
S. epi
Attending
S. epi
Attending
Micro
Attending
S. epi
Attending
Strep
Resident
Pseudo
Attending
Pseudo
Resident
Micro
Resident
MRSA
Resident
MSSA
Resident
S. auric
CRNA
Micro
CRNA
S. epi
CRNA
Micro

Case 2
End case 1

Stopcock

Before case 2

Machine
APL/D

Machine
APL/D

End case 2

Provider hands
(site E)

Stopcock

Machine
APL/D

X
X
X
X
Attendinga
X
X
X

X
X

X

X

X
X

X
X
X

X
X

X
X
X

X
X
X
X

X
Attendinga

X
X
X

Attendinga

X

CRNAa

X

X

Sites were cultured as described, and pathogens were found at the times and locations noted.
APL ⫽ anesthesia machine adjustable pressure limiting valve; D ⫽ anesthesia machine inhaled agent concentration dial; X ⫽ transmission event confirmed by
biotype analysis; S. epi ⫽ Staphylococcal epidemidis; S. hae⫽Staphylococcal haemolyticus; Strep ⫽ streptococcus; Pseud ⫽ pseudomonas; MRSA ⫽
methicillin-resistant Staphylococcal aureus; MSSA ⫽ methicillin-sensitive Staphylococcal aureus; S. auric ⫽ Staphylococcal auricularis; CRNA ⫽ certified
registered nurse anesthetist.
a
Provider was negative at the start of case 1; hands contaminated by bacterial organisms brought in by other providers.

Table 4. Risk Factors for Transmission
Provider
Risk factors
Resident
CRNA
Rooms
Attending not solo
Patient age
Patient gender
Patient ASA
Duration ⬎2 hours
Urgent case
Emergent case
Floorb
ICUb

OR
0.91
0.83
0.8
0.7
1.0
1.7
0.9
0.7
0.3
0.2
1.3

95% CI
0.2–3.7
0.2–3.8
0.2–2.7
0.2–2.3
1.0–1.0
0.7–4.4
0.4–1.8
0.2–2.1
0.1–1.3
0.4–56
0.3–6.4

a

Other
P value
0.899
0.813
0.757
0.562
0.925
0.259
0.737
0.539
0.109
0.209
0.726

OR
0.29
0.29
1.0
0.5
1.0
0.6
0.5
0.5
0.31
0.2
1.7
0.1

95% CI
0.0–2.4
0.0–2.6
0.3–3.3
0.1–2.2
0.9–1.0
0.3–1.5
0.3–1.0
0.2–1.3
0.1–1.3
0.0–2.5
0.2–14
0.0–0.7

Other adjusted
P value
0.254
0.272
0.977
0.350
0.056
0.301
0.059
0.146
0.109
0.213
0.603
0.023

OR

95% CI

P value

8.2
0.1
1.0

1.0–66
0.0–0.6
0.9–1.0

0.049
0.022
0.029

0.0

0.0–0.3

0.007

Resident and CRNA are in reference to attending level of training. OR ⫽ operating room; CI ⫽ confidence interval; CRNA ⫽ certified registered nurse anesthetist;
ICU ⫽ intensive care unit.
a
Denotes risk factor predicts perfectly. b Compared with same-day unit.

(WHO) and Hand Hygiene Task Force guidelines recommending performance of hand hygiene before entering the
patient room as part of the number 1 preventative measure,10,11 it seems likely that organisms were brought to the
patient and the environment as providers moved from room
to room with continued lapses in hand decontamination.
Furthermore, patient age and patient discharge location (to
the ICU) were also independent risk factors. These may be a
marker of both disease severity and associated competing
agendas: hand hygiene versus expedited patient care.12 Additional work is indicated to further verify these results.
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Interestingly, our results suggest that the first case of
the day is associated with a larger magnitude of overall
bacterial transmission. Though speculative, incorporation of a surgical scrub, interventions targeting hand
hygiene, or both during this time period may be effective
in reducing both the quality and number of overall
contamination events. This could significantly reduce
postoperative infections.1
The findings of this study are important because they
simultaneously provide direct microbial evidence that anesthesia providers are involved in intraoperative bacterial
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transmission to patients and substantiate the current Centers for Disease Control and Prevention and WHO stance
that hand hygiene is important hospital-wide.10,11 This
information is especially important for the intraoperative
environment because, although aseptic technique and use
of barrier techniques are widely accepted and implemented
for certain well-defined components of this particular clinical arena,13 hand hygiene is not met with the same degree
of rigor, especially among anesthesia providers.9,14 Furthermore, there is reasonable evidence that the anesthesia
environment poses a risk to patient safety through the
development of health care–associated infections and that
improvements in hand hygiene reduce this risk substantially.1,15–17 The finding that there are substantial unidentified sources of bacterial transmission should provide a
powerful impetus for further investigation in this area and
facilitate the development and implementation of infection
control guidelines.
Similar to interventions in other fast-paced environments, future quality improvement strategies should
consider barriers specific to the OR, such as pressure to
work more efficiently, because prior work suggests that
this may play a significant role.18 Finally, insight into
mechanisms of bacterial cross-contamination gleaned
from this experimental model might ultimately prove
useful for implementation of more global infectioncontrol measures and, ultimately, reduce hospital-wide
health care–associated infections.
The major limitation of this study is the potential
insensitivity of the methodology. We elected to sample
hands only in a single time window, immediately before
patient contact. We chose this period of time because hand
hygiene performance during this period is currently emphasized by WHO.6 Our results support this emphasis, but
we believe that our results may underestimate the importance of hand hygiene throughout the entire process of
patient care. In addition, because provider hands were not
sampled if prior physical patient contact had occurred, a
number of potential provider-origin transmission events
were potentially left unidentified and may have explained
at least some of the transmission events not linked to
providers in this study. Finally, provider knowledge of the
study may have led to exaggerated hand hygiene compliance and therefore underestimated the significance of provider hand contamination before patient care.
Despite these limitations, we note that even with the
study of only 82 surgical case pairs, our experimental
model was able to confirm 1 occurrence of intraoperative
horizontal transmission. We suspect that this sequence
occurs to a much greater extent than we were able to detect
with our limited sampling methodology, providing support for continued hand hygiene while caring for patients.
As such, further study is warranted to assess the potential
impact of this sequence.
In conclusion, we have found that the hands of anesthesia providers are contaminated immediately before patient
care with a wide range of bacterial pathogens. Furthermore,
contamination of patient IV tubing and the immediate
patient environment is common in the intraoperative setting and is partially explained by bacterial transmission
from the contaminated hands of anesthesia providers.
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Contamination of provider hands before patient care therefore represents an important modifiable risk factor for
bacterial cross-contamination. These findings support initiatives designed to improve intraoperative hand hygiene
of anesthesia providers both before and during patient care,
as well as intraoperative decontamination strategies. These
findings also challenge the commonly held belief by
physicians that they play little or no role in bacterial
transmission.19
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