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THE HYPOTHESIS
Health care–associated infections (HCAIs) affect approxi-
mately 10% of patients admitted to acute care facilities, 
accounting for up to 500,000 infections and a cost of 30 bil-
lion dollars annually.1 Despite advances in surgical tech-
niques, sterilization, and disinfection programs, the U.S. 
health care system has not yet generated a sustained, over-
all improvement in HCAI rates.2–5 Instead, HCAIs have 
become an increasing dilemma due to the evolving prob-
lem of multidrug-resistant bacteria and the increasing com-
plexity of the health care environment.6–8 The problem has 
been highlighted by the Centers for Medicaid and Medicare 
Services, which no longer reimburse for some costs related 
to HCAIs.9 These infections are now a major public health 
concern, and as a result, the importance of gaining a bet-
ter understanding of the various mechanisms of bacterial 
transmission in different hospital settings has been empha-
sized.6,10,11 It is hypothesized that the anesthesia work envi-
ronment (AWE) and anesthesia provider hygiene practices 
contribute to HCAIs. The purpose of this review is to sum-
marize historical and recent literature pertaining to the 
magnitude and implications of AWE bacterial transmission 
dynamics (pathogen reservoir of origin, pathogen strain 
characteristics, mode of transmission, and portals of entry 
and exit to a susceptible host). This will highlight the poten-
tial areas for improvement in attenuation of intraoperative 
bacterial transmission and subsequent HCAI development.

ESTABLISHING THE HYPOTHESIS
The operating room (OR) environment includes health care 
tools and surfaces used within the AWE, air, and even anes-
thesia health care providers themselves.12–18 It has long been 
known that syringes and intravascular catheters can become 
contaminated directly via bacterial contamination of the 

provider’s hands or indirectly during connection to patient 
IV tubing.19–22 In 1974, Blogg et al.23 reported that syringes 
can become contaminated with bacterial pathogens after 
a single use, thereby providing a plausible mechanism for 
the bacterial contamination of propofol vials later linked to 
cases of severe sepsis24 and a series of Staphylococcus aureus 
bloodstream infections occurring in patients undergoing 
electroconvulsive therapy.25 An investigation of outbreaks 
associated with propofol at 7 different hospitals further 
characterized breaches in aseptic practice that could be 
associated with propofol contamination including failure 
to disinfect propofol vials before use, transfer of syringes 
between ORs and facilities, and syringe reuse (serial use 
of the same syringe for the same patient).26 Conceptually, 
these breaches in aseptic practice could lead to bacterial 
transfer to propofol vials. This could subsequently con-
taminate syringes used for injection, the syringe connec-
tion ports (hubs) of peripherally and centrally inserted IV 
catheters, and the internal lumen of the central or peripheral 
devices. This contamination may therefore ultimately cause 
distal seeding of the bloodstream. This sequence of events 
has been characterized as a primary mechanism for central 
line–associated primary bloodstream infections.27 However, 
infective agents cannot be seen and real-time testing for con-
tamination is not available. This relative lack of feedback to 
the practitioner makes it difficult for them to appreciate the 
connection between practice and infection.

Laryngoscope blades and handles are contaminated 
with blood and mucus after use and standard disinfection 
procedures. Residual contamination of these airway devices 
associated with suboptimal disinfection practices has been 
linked to infectious outbreaks.17 Additional work has con-
firmed the need for better disinfection of laryngoscope han-
dles in today’s OR environment.28

Contamination of anesthesia machine surfaces with 
blood, mucus, and bacterial organisms after standard 
cleaning processes was first characterized in the 1960s12,13 
and subsequently confirmed.14,15 Many of these disinfec-
tion practices are still used today. Numerous early stud-
ies reported the ability of recovered bacterial pathogens 
to survive on anesthesia equipment for several days and 
to serve as potential sources of infection.29–35 In addition, 
residual surface contamination was identified as a possible 
link to a cluster of follicular tonsillitis infections, all occur-
ring in the same postoperative week.34 Other reports have 
documented an association of residual contamination of the 
anesthesia machine circuit and Ambu-bag with outbreaks 
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of Pseudomonas aeruginosa respiratory infections.29,35 These 
early findings, however, were limited by the subopti-
mal bacterial typing methodology used. Thus, bacterial 
transmission events occurring in this distant era were not 
confirmed and were not directly linked, with reasonable 
certainly, to subsequent infections, with the data serving to 
present only a theoretical risk.

Bacterial contamination of the anesthesia machine cir-
cuit is also important to consider as a risk factor for bac-
terial transmission in the AWE. Early work by Albrecht 
and Dryden identified an association between combined 
preoperative decontamination of the external surface of 
anesthesia machine circuits and use of new absorbers with 
a reduction in postoperative pneumonia. These authors 
therefore concluded that contaminated anesthesia machines 
can indeed transmit bacteria to patients.32,36 Several investi-
gators have used laboratory models to confirm this mecha-
nism.37,38 Leijten et al.39 published the results of a study in a 
simulated environment evaluating a matrix of factors that 
could potentially affect bacterial transfer to the patient cir-
cuit, and subsequently to the patient. They found that with-
out an in-line circuit filter in place, bacterial organisms were 
universally transmitted to the patient circuit, with the great-
est density of organisms lodged closest to the patient. They 
also found that the anesthetic gas (halothane) and soda lime 
were ineffective at preventing bacterial transfer.39 Multiple 
studies have subsequently demonstrated the efficacy of in-
line circuit filters in prevention of bacterial transfer to the 
patient circuit.40,41 It has been suggested that filters be used 
routinely and changed between each case.42

Fukada et al.18 sought to examine bacterial contamina-
tion on the hands of anesthesiologists during general anes-
thesia and found that they were heavily contaminated with 
bacterial pathogens throughout all phases of anesthesia 
care. These findings are concerning given that anesthesia 
providers have been shown to be particularly noncompliant 
with hand hygiene.43 To determine how many anesthesia 
providers comply with practices recommended for prevent-
ing transmission of infectious agents to patients, Tait and 
Tuttle43 surveyed anesthesiologists and reported the results 
in 1995. Ninety-five percent reported washing their hands 
after caring for “high-risk” patients, but only 58% washed 
their hands in “low-risk” situations. Although the OR envi-
ronment and anesthetic practice characterized by Tait and 
Tuttle have likely evolved in the interim, more recent obser-
vational work has shown that lapses in hand hygiene com-
pliance occur frequently in today’s OR. Furthermore, they 
often involve failure to wash hands before and/or after 
aseptic tasks involving line insertions, bronchoscopy, or 
even after blood exposures.44,45 Thus, when taken together, 
these data support the potential links between anesthesia 
providers and postoperative infectious outbreaks reported 
as early as the 1960s. One outbreak involved group A 
β-hemolytic streptococci–derived puerperal sepsis occur-
ring in the postoperative period, whereas another involved 
2 outbreaks of S aureus surgical site infections (SSIs) thought 
to originate with the contaminated hands of an anesthesia 
provider suffering from psoriasis.46–52 Although these origi-
nal infectious outbreak investigations were limited by the 
suboptimal typing methodology used at the time, a grow-
ing body of evidence provided a rationale for why they may 

have been true associations. However, the risk remained 
only theoretical.

Although not generally considered to be under direct 
control of the anesthesiologist, even intraoperative air poses 
some risk for bacterial transmission. In 2005, Edmiston et 
al.53 published the results of a study whereby air samples 
were taken during 70 different vascular procedures from a 
single OR. Coagulase-negative Staphylococcus and S aureus 
were recovered from 86% and 64% of all samples, respec-
tively, with Gram-negative bacteria recovered less fre-
quently (33%). More contamination was found closer to 
the surgical field than those samples obtained farther away, 
but interestingly, some organisms were identical to those 
recovered from nasal samples of health care workers. These 
results raised questions pertaining to the efficacy of masks 
in prevention of bacterial transfer, but also highlighted a 
very important issue, that the bacterial inoculum brought 
to the OR can affect the patient via a vector outside of pro-
vider hands or the environment (surfaces/equipment); that 
is, aerosolization of particles.

This brings to question the evidence for the common 
practice of wearing masks in the OR for the purpose of 
decreasing the aerosolization of bacteria originating with 
providers. Unfortunately, a recent Cochrane review sug-
gested that it is unclear whether the wearing of surgi-
cal masks by OR personnel during “clean” surgery either 
increases or reduces the risk of SSIs.54 Based on this review, 
there are no data available to assess whether there is a ben-
efit if a patient wears a surgical facemask. Furthermore, 
research is necessary to evaluate the potential benefit to 
having patients (and their spouses when present during 
initiation of neuraxial analgesia on the labor and delivery 
suite) wear masks during initiation of neuraxial blockade.

In summary, although we have known since 1963 that 
the AWE poses some risk for intraoperative bacterial trans-
mission,12–54 this early work provided only a theoretical risk 
for the occurrence of intraoperative bacterial transmission 
events and subsequent infection development. In all cases, 
suboptimal methodology failed to conclusively identify the 
source(s) for the causative organism of infection and trans-
mission links or other aspects of transmission dynamics. As 
such, it is not surprising that infection control measures in 
the AWE have not historically involved targeted attenua-
tion of intraoperative bacterial transmission events.

CONFIRMING THE HYPOTHESIS
Recently, this knowledge gap has been addressed by a newly 
developed model for study of intraoperative bacterial cross-
contamination. This model measures the relative contribution 
of intraoperative bacterial reservoirs including anesthesia 
provider hands throughout care, patient skin surfaces, and 
proven representatives of the anesthesia environment, in par-
allel during the process of patient care, to high-risk bacterial 
transmission events. This approach leverages temporal asso-
ciation and systematic phenotypic analysis to examine the 
importance of bacterial reservoirs of origin, modes of trans-
mission, portals of entry, and phenotypic strain characteris-
tics in the incidence of transmission and subsequent infection 
development. Use of this model has helped to clarify the 
magnitude and importance of intraoperative bacterial trans-
mission events in the intraoperative arena.55–58
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In a study published in Anesthesiology in 2008,55 this 
model for study of bacterial cross-contamination was used 
to examine the magnitude, rate, and implications of intra-
operative bacterial transmission events involving the AWE 
during the first case of the day in 61 operative suites at a 
single medical center. Transmission of bacterial organisms, 
including vancomycin-resistant Enterococcus (VRE), to IV 
stopcock sets was shown to occur in 32% of ORs, thereby 
solidifying and expanding on results characterizing the risk 
of bacterial contamination of intravascular devices used in 
the AWE.23–26

Bacterial contamination of the AWE occurred very early 
(in as little as 4 minutes) and was also shown to increase 
significantly at the case conclusion with a mean difference 
of 115 colonies per surface area sampled (P < 0.001). Highly 
contaminated work areas (at a threshold of >100 colonies 
per surface area sampled) increased the odds of stopcock 
contamination by 4.7 (P = 0.011; Fig.  1), with the associa-
tion remaining significant despite adjustment for multiple 
potentially confounding variables.55 These results firmly 
established the relationship between AWE contamination 
and high-risk bacterial transmission events suggested by 
earlier work.12–18

Stopcock contamination events have been associated 
with increased patient mortality. Using pulsed-field gel elec-
trophoresis techniques, the stopcock set has been shown to 
serve as an independent route to infection with introduction 
of VRE into the internal lumen of the patient IV stopcock set 
followed by VRE bacteremia and ultimately death from sep-
tic shock.55 This work was supportive of earlier articles that 
similarly suggested that bacterial transmission events could 
lead to an increased patient morbidity.12–52 The authors con-
cluded that the next step was to further address bacterial 
transmission dynamics by examining the source and the 
reservoir(s) for these important transmission events.55

One of the sources investigated was anesthesia provider 
hands at baseline, before initiation of patient care.56 The first 
and second operative cases in each of 92 ORs were initially 
randomly selected for observation with 82 paired samples 
included in the final analysis. Biotype analysis and temporal 

association were used to compare transmitted organisms to 
anesthesia provider hand reservoir isolates obtained before 
the start of each case. There were 2 key findings from this 
study: (1) anesthesia provider hands are frequently contam-
inated with major bacterial pathogens before patient care, 
and (2) the contaminated hands of anesthesia providers 
before patient care serve as a significant source of patient 
environmental and stopcock set contamination in the OR. 
Thus, this study provided the next step beyond early work 
showing that the hands of anesthesia providers are con-
taminated with bacterial organisms18 by providing micro-
biological confirmation of the involvement of the anesthesia 
provider hand reservoir in high-risk bacterial transmission 
events to patient IV stopcock sets.

In a third study, the investigators sought to examine 
additional intraoperative reservoirs of transmission, to 
examine modes of transmission (processes by which bacte-
ria get transmitted to susceptible patients), pathogen strain 
characteristics, and to further confirm the open-lumen stop-
cock set, a high-risk intravascular device, as an important 
portal for bacterial entry to the host.57 In this multicenter 
study, 274 ORs were observed across 3 major academic 
medical centers, with the first and second cases of the day 
in each OR (548 surgical cases) studied in series to identify 
within- and between-case modes for transmission events. 
All patients were followed for 30 days for the development 
of infection and all-cause mortality. The authors verified 
that intraoperative bacterial transmission was a problem 
across 3 separate medical centers, with frequent contami-
nation of high-risk intravascular devices (open-lumen stop-
cock sets) coupled with poor standard cleaning practices, 
including lack of active decontamination. Furthermore, 
multiple intraoperative bacterial reservoirs relevant to the 
AWE (e.g., the patient, provider hands, and the environ-
ment) contributed independently to the rate of bacterial 
contamination of patient open-lumen IV stopcock sets, 
yet were linked by residual contamination of the environ-
ment occurring despite routine cleaning between surgical 
cases occurring sequentially in the same OR environment. 
Of the 548 cases, the most frequent mode of transmission 
was found to involve transmission events originating from 
reservoirs within the same surgical case (within-case trans-
mission), but an alarmingly high rate (approximately 30%) 
of transmission events linked to reservoirs from a prior sur-
gical case (between-case transmission) was also confirmed. 
In 60% of between-case transmission events, residual con-
tamination of the AWE occurring between cases after rou-
tine cleaning was implicated. All 3 reservoirs (anesthesia 
provider hands, the patient, and the patient environment) 
were shown to contribute to between-case (64% environ-
ment, 14% patient, and 21% providers) and within-case 
(47% environment, 23% patient, and 30% providers) trans-
mission events. Thus, these results supported the earlier 
relation between increased probability of stopcock con-
tamination occurring at a threshold of approximately 100 
colony-forming units (CFUs).55 Bacterial contamination of 
these devices was yet again associated with an increased 
patient morbidity and mortality, thereby supporting the 
earlier conclusion that the open-lumen stopcock sets 
and intravascular devices served as important portals of  
bacterial entry.55

Figure 1. Increasing contamination of the surrounding patient environ-
ment is associated with an increased risk of stopcock contamination. 
A threshold of 100 colony-forming units of environmental contamina-
tion for increased risk of stopcock contamination is identified.
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Each intraoperative bacterial reservoir was also found 
to harbor a unique subset of bacterial pathogens known to 
cause HCAIs, for example, patient linked with S aureus, pro-
vider hands linked with Enterococcus and Gram-negative 
organisms, and the environment the unifying link between 
the patient and provider reservoirs.57 Importantly, it was 
confirmed by pulsed-field gel electrophoresis, a validated 
typing method,57 that at least 30% (6 of 20) of 30-day post-
operative HCAIs were derived from these intraopera-
tive bacterial reservoirs. Of great concern, provider hands 
were confirmed as vectors for transmission in 27% (12 of 
44) of between-case and within-case stopcock transmission 
events.57

This work also led to the subsequent identification of bac-
terial pathogen strain characteristics facilitating increased 
resistance to preventive measures, and therefore intraopera-
tive bacterial transmission and subsequent infection devel-
opment.58 In this study, 2 S aureus phenotypes were found 
to explain the majority of intraoperative S aureus transmis-
sion events. Furthermore, patients with prior exposure to 
the hospital ward or intensive care unit environments were 
at increased risk of colonization with this virulent pathogen. 
These findings are important because they may provide 
some insight into the success of Bode et al.59 in reducing 
SSIs with patient decolonization efforts. Bode et al. enrolled 
patients from the hospital ward and demonstrated that 
patient decolonization significantly reduced SSIs.

These more recent studies together have addressed 
several important aspects of the pathophysiology of post-
operative HCAI development, including the relative 
importance of various reservoirs in bacterial transmission 
events, various modes of transmission (between and within 
cases), pathogen strain characteristics, and an important 
portal of entry, the IV stopcock set.55–58 In doing so, they 
have supported earlier work describing a theoretical risk 
of contamination by subsequently confirming the occur-
rence, magnitude, and importance of bacterial transmission 
events arising from the AWE. Collectively, these early and 
more recent findings strongly suggest that intraoperative 

bacterial transmission events arising from the AWE occur, 
that they occur rapidly, are of significant magnitude and are 
associated with increased patient morbidity and mortality. 
Furthermore, as illustrated by the interventions summa-
rized in Table  1, bacterial transmission dynamics involv-
ing confirmed AWE transmission events strongly suggest 
that to see a significant reduction in intraoperative bacterial 
transmission and subsequent HCAI development, a mul-
timodal approach targeting attenuation of provider hand, 
environmental, and patient skin surface reservoirs, in paral-
lel during the process of patient care, is indicated.57 Finally, 
given the association of bacterial contamination of patient 
IV stopcock sets with increased patient morbidity and mor-
tality, improvements in intravascular catheter/stopcock set 
design and handling are also indicated. Figure 2 illustrates 
a multimodal approach for improvements in intraoperative 
infection control.

BUILDING AN EVIDENCE-BASED MULTIMODAL 
APPROACH
Targeting Anesthesia Provider Hand 
Contamination
Several studies have addressed the barrier of anesthesia 
provider hand contamination, designed to test the effective-
ness of a personalized body-worn dispenser in improving 
intraoperative hand hygiene by anesthesia providers. The 
dispenser is capable of recording individual hand decon-
tamination events by providers, dispenses 70% alcohol gel, 
includes an embedded computer chip to allow continuous 
monitoring, and provides an audible reminder to perform 
hand hygiene. In 1 study,60 111 ORs (58 control and 53 device-
assigned operative suites) were evaluated in a controlled 
before and after study. Anesthesia was performed accord-
ing to usual practice and bacterial transmission events 
were identified through the use of a previously validated 
protocol.55 The implementation of the device significantly 
increased hourly hand decontamination events by 27-fold, 
reduced intraoperative transmission of pathogenic bacterial 
organisms to stopcock sets, reduced AWE contamination, 

Table 1.  Comprehensive Infection Control Program Targeting Bacterial Transmission in the Anesthesia 
Work Area
Intervention Target(s)
Personalized alcohol dispenser for hand hygiene • Independent reservoir for stopcock transmission events56–58

    Personal feedback (hourly hand decontamination events) • Highly transmissible and/or more virulent bacterial strains58

    Peer pressure (group feedback) • Augmentation of cleaning,45,60–62 between-case transmission56–58

    62% ethanol • Direct microbiological links to postoperative HCAIs57

Environmental cleaning • Independent reservoir for high-risk stopcock transmission events57

    Frequency (induction and emergence) • Critical link between patient and provider reservoirs55–58,60,62,65

    Quality (double biocide, microfiber cloth) • Augmentation of hand hygiene efforts44–45,55,58,60,63

Patient decolonization • Independent contributor to high-risk stopcock transmission events57

    Wide variety of surgical patients • Primary reservoir for Staphylococcus aureus strain phenotype P58

    Hospital ward or intensive care unit exposure • Augmentation of hand hygiene and cleaning efforts55–58,60,63

    S aureus, Gram-negative, Enterococcal pathogens • A leading cause of 30-day postoperative HCAIs57

Vascular care bundle (open-lumen stopcock sets) • Important portal for bacterial entry55–57,70,72

    Improved design (disinfectable, needleless, closed) • Downstream passive (in-line with current practice) safety device72

    Improved handling (disinfection system) for syringes and hubs • Augments patient, provider hand, and environmental cleaning efforts55–57,63,70,72

Infection surveillance • Highly transmissible and/or more virulent bacterial pathogens58

    Patient surveillance • Patient-borne pathogens that can transmit between patients57–59

    Environmental surveillance • A potent transmission vehicle and the overall bacterial milieu55–58,60,62,65

    Provider surveillance • Improved education, hand hygiene, glove usage, and signage45,57, 66,67,75

HCAIs = health care–associated infections.
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and reduced 30-day postoperative HCAIs. This study helps 
to solidify the links between hand contamination, environ-
mental contamination, high-risk stopcock contamination, 
and subsequent infection development. These results were 
verified in a subsequent study performed in the intensive 
care unit where use of the same device was associated with 
a significant decrease in the number of ventilator-associated 
pneumonias; from 6.9 to 3.7 ventilator-associated pneumo-
nias/1000 ventilator days.61

Targeting Residual Environmental Contamination
There is clearly room for improvement in reducing contami-
nation of the AWE45,62 especially as relates to scrub-the-hub 
protocols.63 Infection risk related to anesthesia providers 
may be related to hand hygiene45,56 and may even be related 
to scrubs and jackets worn by anesthesia providers.64,65 
Recent work using a fluorescent marker66 has identified 
glove use as a potentially beneficial practice, suggesting 
that the use of double gloves at the time of induction of 
anesthesia, with removal of the outer set after completion 
of induction but before touching the anesthesia cart or key-
board, could immediately reduce some of the workspace 
contamination that currently occurs.67 This study has sev-
eral implications, including a potential mechanism to avoid 
the increased risk of stopcock contamination with glove use.

Another study involved a combination of video obser-
vational and bacterial transmission tracking conducted to 
identify the rate and time at which the environment becomes 
contaminated during a procedure.68 The authors found that 
bacterial contamination of high-risk objects within the AWE 
reached the previously determined threshold for increased 
probability of stopcock contamination at only 2 time points, 
induction and emergence of anesthesia (Fig. 3), periods that 
correlated with nadirs in hand hygiene compliance (Fig. 4). 
This indicates that an environmental cleaning strategy 
might be most effective when used during the times imme-
diately after anesthesia induction and emergence.

Synthesis of the available literature pertaining to the 
personalized, body-worn alcohol dispenser suggests that 
the superior efficacy of the hand hygiene device may be 
derived from a simple concept; anesthesia providers could 
conveniently disinfect their hands during the complex 
phases of anesthesia, including induction and emergence. 
A recently published study compared the behavior of 
anesthesia providers during induction and maintenance 
of anesthesia in the OR. They reported that the frequency 
of contact with both the environment and patients was 
significantly higher during induction as compared with 
maintenance of anesthesia.69 These more active periods are 
linked to increased probability of open-lumen IV stopcock 
contamination due to residual environmental contamina-
tion reaching a necessary threshold. Anesthesia providers 
cannot easily wash their hands during these high-risk peri-
ods without the immediate availability of hand sanitizer. 
This is further validated by data suggesting that placement 
of hand sanitizer in a more convenient location on the anes-
thesia machine increased the frequency of hand hygiene 
among anesthesia providers.70 This argues strongly for 
the development and implementation of improvement 

Figure 2. An evidence-based multimodal 
approach for improvements in intraopera-
tive infection control. The upstream bac-
terial inoculum including provider hand, 
environmental, and patient skin contami-
nation should be addressed in parallel in 
addition to downstream improvements in 
intravascular catheter design and han-
dling. This program should be initiated 
along with surgical care improvement 
project measures to maximally attenu-
ate the bacterial transmission and to 
attempt to optimize the host. HCAI = 
health care–associated infection; SCIP = 
Surgical Care Improvement Project.

Figure 3. Bacterial contamination of the anesthesia environment 
reaches a peak during the 2 busiest phases of anesthesia care, 
induction and emergence of anesthesia. CFUs = colony-forming units.
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strategies uniquely suited for the barriers of specific hos-
pital environments.

Improved Patient Screening and Decolonization
As previously discussed, patients frequently arrive to the 
intraoperative environment with skin surfaces colonized 
with major bacterial pathogens that contribute significantly 
to bacterial contamination of patient IV stopcock sets, events 
associated with increased patient morbidity and mortal-
ity.3,55,57 As such, improvements in patient decolonization 
strategies may be indicated. As the Perioperative Surgical 
Home model of care expands, these activities may belong in 
the domain of the anesthesiologist.

Because recent work suggests that more virulent bacte-
rial organisms are associated with patients exposed to the 
hospital ward,58 future research should be directed toward 
assessing the efficacy of improved screening and decoloni-
zation of patients exposed to the hospital ward, before OR 
entry, on 30-day postoperative SSI reduction.

Targeting Improved Intravascular Care  
Handling and Design
Downstream catheter care (including injection ports) 
is another important barrier to intraoperative infection 
control because many primary and secondary lumens of 
open-lumen intravascular devices have been shown to be 
contaminated with pathogenic bacteria.71 An important 
question to consider is the relative importance of catheter 
design versus handling in bacterial contamination of intra-
vascular catheters. In vitro work has concluded that cath-
eter design supersedes handling technique.72 This stands in 
contrast to work conducted in the clinical environment. In 
a randomized, controlled, ex vivo study, the relative inci-
dence of bacterial injection by anesthesia providers after 
induction of anesthesia and patient stabilization was com-
pared for a closed, disinfectable stopcock incorporating a 
split septum, with and without disinfection before injec-
tion, and the conventional open-lumen stopcock set.73 A 
key finding of the study was that disinfection of the closed 
catheter before injection was absolutely necessary. Simple 
introduction of the closed system in place of the open lumen 
without disinfection actually increased the risk of bacterial 
injection (from 3.2% in the conventional design to 4% for 
the nondisinfected closed stopcock). However, when dis-
infected, the incidence of effluent bacterial contamination 
was 0% (0 of 152) and was associated with an absolute risk 

reduction of 3.2% (95% confidence interval [CI], 0.5%–7.4%) 
of bacterial injection. Thus, work in the clinical environ-
ment suggests that catheter handling supersedes design. 
The difference in these studies may be explained by the 
size of the bacterial inoculum before bacterial injection. The 
bacterial inoculum leading to contaminated effluent in the 
OR was estimated at 50,000 CFU,73 whereas prior in vitro 
work evaluated the rates of bacterial injection after initial 
contamination with <100 CFU.72 It may be that the split 
septum design fails under more heavily contaminated con-
ditions occurring in the clinical environment, highlighting 
the importance of disinfection before injection to reduce the 
size of the bacterial inoculum.

In a follow-up clinical trial,71 the efficacy of 2 inter-
ventions designed to augment anesthesia provider dis-
infection of intravascular devices and syringe tips, the 
HubScrub and DOCit (PSI Medical Catheter Care, Erie, 
PA), respectively, was investigated. The HubScrub is 
designed to clean needleless connectors, including open 
systems, with 70% isopropyl alcohol before access and to 
provide interim protection from bacterial transmission 
during subsequent use. Similarly, the DOCit is a device 
designed to simultaneously scrub the interior and exte-
rior contact surface of luer connectors on IV tubing and 
syringes with 70% isopropyl alcohol, providing direct 
decontamination and interim protection from bacte-
rial transmission to the luer connector of IV tubing and 
syringes. Conventional red caps are designed to close 
open-lumen stopcock systems at present. The HubScrub 
and DOCit are intended to be used together as part of a 
catheter care station attached to the IV pole in the OR and 
thus facilitating anesthesia provider access.

When implemented in the clinical environment, the 
incorporation of these 2 devices was associated with a sig-
nificant reduction in intraoperative bacterial contamination 
of open-lumen IV stopcock sets (OR, 0.79; 95% CI, 0.63–0.98; 
P = 0.034) and a reduction in the combined incidence of 
30-day postoperative infections and phlebitis (OR, 0.589; 
95% CI, 0.353–0.984; P = 0.040) when adjusted for proce-
dural covariates. The distribution of HCAIs involved 27% 
wound (deep and/or superficial), 8% bloodstream, 8% deep 
surgical site, 12% respiratory, and 46% catheter-associated 
urinary tract infections.71 Thus, this study demonstrated 
that stopcock contamination was modifiable, and it closed 
the loop on the importance of the stopcock set as an impor-
tant portal for bacterial entry.

Figure 4. Anesthesia provider hand 
hygiene compliance reaches a nadir during 
induction and emergence of anesthesia. 
CFUs = colony-forming units.
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CONCLUSIONS
HCAIs are of great concern across all health care arenas, 
including the intraoperative environment. The develop-
ment of 30-day postoperative infections has been directly 
linked to bacterial transmission events originating from 
AWE reservoirs. As such, in addition to the following 
national guidelines adopted to reduce the risk of infection 
development during neuraxial procedures,74 anesthesia 
providers should consider implementation of measures 
designed to target attenuation of bacterial transmission 
occurring during the routine administration of all anes-
thetics. Evidence suggests that a multimodal approach 
targeting improvements in intraoperative hand hygiene, 
patient screening and decolonization, and environmental 
decontamination, as well as improvements in intravascular 
handling and design, may reduce the risk of postoperative 
infections. Future work should evaluate the efficacy of the 
combined, evidence-based strategies as illustrated in Table 
1 and described in this review. E
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