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Background: Hand hygiene and double-gloving practices during induction of general anesthesia can de-
crease transmission of bacteria to patients and subsequent health care-associated infections; however,
compliance to these practices is low.
Methods: A pre- and postimplementation quality improvement design was used with Plan-Do-Study-Act cycles.
Several implementation strategies were used to improve hand hygiene and double-glove compliance among
anesthesia providers, including printed educational materials, video, in-person, and virtual meetings, visual re-
minders, audit, and feedback, and improved access to hand sanitizer dispensers in the anesthesia workstation.
Results: Average hand hygiene compliance increased from 0% to 11.8% and double-gloving compliance increased
from 18.5% to 34.5%. A decrease in surgical site infections was shown in the postimplementation period.
Discussion: Although hand hygiene and double-gloving practices increased after the initial implementation,
the improvements were not sustained long-term. Practices to support sustainability, such as routine booster
sessions, may be considered.
Conclusions: Incorporating these quality improvement measures into practice may improve anesthesia pro-
vider hand hygiene compliance during induction of general anesthesia and impact subsequent infection rates.
© 2024 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All
rights are reserved, including those for text and data mining, Al training, and similar technologies.

BACKGROUND practices.”” Induction and intubation are noted to be highly missed

opportunities for anesthesia hand hygiene and are also associated

Anesthesia provider hands are often contaminated with bacteria;
transmission of this bacteria to patients increases rates of post-
operative health care-associated infections (HAIs), such as surgical
site infections.! Completing hand hygiene (ie, hand sanitizer appli-
cation) and double gloving (ie, applying 2 sets of gloves pre-in-
tubation and doffing immediately post-endotracheal tube [ETT]
placement) decreases cross-contamination of bacteria within the
anesthesia workstation.” However, observational studies among
anesthesia providers showcase high rates of noncompliance to these
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with sharp increases in bacterial contamination.”®

Although evidence supports the use of hand sanitizer application
and double gloving during induction of general anesthesia (GA),
anesthesia providers often experience barriers when implementing
these simple evidence-based infection prevention measures into
practice.”® Adopting strategies to improve anesthesia provider hand
hygiene practices during induction of GA is critical to decrease an-
esthesia workstation contamination and reduce intraoperative
transmission of bacteria to patients and subsequent HAIs.'

At a large academic medical center in the Southeastern United
States, anesthesia provider hand hygiene compliance rates were lower
than the facility’s internal target and were identified as a priority.
Baseline data collection noted that 0% of anesthesia providers applied
hand sanitizer during induction of GA, and only 18.5% performed
double-gloving practices during induction of GA. The purpose of this
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quality improvement (QI) initiative was to increase anesthesia pro-
vider’s compliance with (1) hand hygiene and (2) double-glove
practices during the induction of GA. A secondary outcome was to
evaluate the impact of this initiative on surgical site infections.

METHODS
Context

Iterative Plan-Do-Study-Act cycles were used for this QI initiative.
The initiative took place at a large academic hospital within 4 gen-
eral surgery operating rooms (ORs). Approximately 38,000 surgeries
are completed annually at this location.” The general surgery ORs
were targeted for this QI initiative as they frequently require in-
duction of GA.

Interventions

One identified barrier to hand hygiene compliance during base-
line data collection was the location of the hand hygiene products.
Different locations to place the hand sanitizer products to increase
access were discussed with anesthesia providers. One solution was
to give each anesthesia provider their own small bottle of hand sa-
nitizer they could attach to their badge or keep in their pocket;
however, anesthesia providers felt this approach would not be ideal
as it did not align well with their workflow and would require them
to continuously open and close the sanitizer container. Another so-
lution was to place a tabletop hand sanitizer dispenser within the
anesthesia workstation. This solution was not approved by the fire
marshal, as there was concern that the dispenser could be easily
moved to a location not supported and aligned with the institution’s
fire safety regulations. Anesthesia providers stated that having an
automated hand sanitizer dispenser (ie, one that did not require
them to “pump” the solution onto their hands) in a standardized
location within the anesthesia workstation would be the best solu-
tion. As such, an Intravenous (IV) pole-mounted automatic hand
sanitizer dispenser was installed. This practice was approved by the
institution’s fire marshal and risk management teams. Automatic
hand sanitizer dispensers with a built-in vice mechanism were
purchased by the hospital’s anesthesia department. The automatic
hand sanitizer dispensers were affixed to the IV pole within the
anesthesia workstation by the hospital’s clinical engineering de-
partment.

Education on hand hygiene and double-gloving practices was
given to anesthesia providers using evidence-based implementation
strategies, including printed educational materials, video, in-person
and virtual education meetings, and visual reminders within the
anesthesia workstation.® Education included the evidence sup-
porting hand hygiene and double-gloving practices, baseline com-
pliance rates, and a demonstration of how to complete double-
gloving practices. Small visual reminders that stated “REMEMBER:
Sanitize hands & double glove before induction! ©” were placed
within the anesthesia workstation. Reminders were printed on
brightly colored paper and laminated.

Data collection and analysis

To monitor compliance with hand hygiene and double-gloving
practices, 10 weeks of baseline data were collected (March 13-May
16, 2023); postimplementation data were collected for 12 weeks
(July 20-October 10, 2023). A sample of cases was audited each week
between 4 different general surgery ORs. Education was provided,
and the IV pole-mounted hand sanitizer dispensers were installed in
June 2023. Cases were included in data collection if the anesthesia
type utilized for surgical cases was GA with ETT. Hand hygiene and

double-glove compliance were collected on a weekly basis through
direct observation utilizing (1) in-person observations via the ex-
ternal OR observation window, and (2) remote video recording col-
lected using the OR Black Box Surgical Systems Technologies.

Hand hygiene was marked as compliant if the provider applied
hand sanitizer between the time the anesthesia provider and patient
entered the OR to when the ETT was placed. Double gloving was
marked as compliant if the anesthesia provider removed the dirty
right-hand glove prior to squeezing the reservoir bag on the an-
esthesia gas machine to confirm ETT placement post-intubation. The
professional category of the anesthesia provider was recorded (ie,
certified registered nurse anesthetist [CRNA], student registered
nurse anesthetist [SRNA], anesthesia resident, and medical student).
No patient demographic data were collected. Run charts were used
to evaluate compliance over time, using standard run chart rules to
identify data shifts as signals of improvement.’

Surgical site infection data were collected from January 2022
through June 2024 (18 months baseline, 12 months post im-
plementation). As this initiative was conducted within the general
surgery ORs, there are various surgeries completed. Aggregate sur-
gical site infection data were collected for 16 different surgeries that
occur within these ORs, including appendectomy, cholecystectomy,
colorectal, gastrectomy, hernia repair, total abdominal hysterectomy,
glossectomy with facial flap resection, laryngotracheoplasty, ne-
phrectomy, oophorectomy, prostatectomy, small bowel resection,
splenectomy, thyroidectomy, vaginal hysterectomy, and exploratory
laparotomy. Data were plotted on a control chart and evaluated for
special cause variation.” Student t tests were also conducted to
evaluate statistical significance, which was set at P < .05. Data were
analyzed using QI Macros software (KnowWare International). This
initiative was determined exempt by the university’s institutional
review board and deemed to not be human subjects’ research.

RESULTS

A total of 173 audits were completed (54 baseline, 119 post im-
plementation). Compliance data were collected on a total of 80 CRNAs
(n =35, 65% baseline; n = 45, 38% post implementation), 77 anesthesia
residents (n = 16, 30% baseline; n = 61, 52% post implementation), 14
SRNAs (n = 3, 6% baseline; n = 11, 9% post implementation), and 2
medical students (n = 2, 2% post implementation).

For hand hygiene compliance, the baseline median was 0% and
increased to 9% post implementation. Per standard run chart rules,
the baseline median (0%) was locked and extended into the post-
implementation data collection period to identify signals of im-
provement. A shift (signal of improvement) was found, as there were
7 data points above the baseline median from week 12 to week
18 (Fig. 1).

For double-glove compliance, the baseline median was 15% and
increased to 33% post implementation, a 55% increase. A shift (signal
of improvement) was found, as there were 6 data points above the
baseline median from week 16 to week 21 (Fig. 2).

Hand hygiene and double-glove compliance by provider type are
shown in Table 1. Hand hygiene compliance increased to 13% for both
CRNA and anesthesia residents post implementation; SRNA hand
hygiene compliance remained at 0% post implementation. Double-
gloving practices by CRNA providers increased by 30.6%, from 25% at
baseline to 55.6% post implementation. SRNA providers’ double-
gloving practices increased the most from 0% at baseline to 27.3% post
implementation; however, the number of SRNAs audited was lower
than CRNA or anesthesia residents included in the sample size.

The baseline mean rate of surgical site infections was 0.022
(SD=0.005): This significantly decreased 31.8% to a rate of 0.015
(SD =0.004) post implementation, t(26)=4.058, P=.0001, d =0.003,
95% confidence interval [0.003, 0.010]. Special cause variation was
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Fig. 1. Hand hygiene compliance of anesthesia providers during induction of general anesthesia with endotracheal tube.

noted in the control chart, with a shift of 9 data points below the
locked and extended median (Fig. 3).

DISCUSSION
Our QI initiative found improvements in hand hygiene and
double-gloving compliance after implementing Plan-Do-Study-Act

cycles. This is similar to the QI project conducted by Paul et al,°
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which demonstrated that increased access to hand hygiene products
within the anesthesia workstation increased anesthesia provider
hand hygiene compliance. Our QI initiative was different in that we
monitored double-glove compliance in addition to hand hygiene
compliance and compared pre- and postsurgical site infection rates.
Improving hand sanitizer access within the anesthesia workstation
via an IV pole-mounted automatic dispenser is also innovative and
unique to this project.
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Fig. 2. Double-glove compliance of anesthesia providers during induction of general anesthesia with endotracheal tube.
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Table 1
Hand hygiene and double-glove compliance by provider type

Provider type Hand hygiene compliance  Double-glove compliance

Pre Post Pre Post
CRNA 0% (0/35)  13.3% (6/45) 25% (9/35) 55.6% (25/45)
Anesthesia 0% (0/16)  13.1% (8/61) 6.3% (1/16) 27.1% (13/48)
resident
SRNA 0% (0/3) 0% (0/11) 0% (0/3) 27.3% (3/11)
Medical students - 0% (0/2) - 0% (0/2)
Total 0% (0/54) 11.8% (14/119) 18.5% (10/54) 34.5% (41/119)

CRNA, certified registered nurse anesthetist; SRNA, student registered nurse an-
esthetist.

While improvements in hand hygiene and double-gloving com-
pliance increased during the project, there is still much room for
improvement. Hand hygiene compliance during this important
timeframe only increased to, at best, 13% among anesthesia provi-
ders and for SRNAs, compliance remained at 0%: This is much lower
than the internal target of 95% hand hygiene compliance set by the
institution. Efforts should be focused on improving hand hygiene
compliance among all anesthesia providers, especially SRNAs. As
SRNAs are still in training, facilities may consider using hand hygiene
compliance rates as a measure of competence while evaluating the
students. This feedback could also be used during performance re-
views for employed staff to hold them accountable. Indeed, Herman
et al'’ found that individual accountability, along with real-time
feedback through an electronic hand hygiene reminder system, in-
creased hand hygiene compliance.

Compliance with double-gloving practices improved post im-
plementation but also has room for improvement. While there is no
internal target for double-glove compliance, a compliance rate above
80% to 90% would be ideal. In this initiative, the highest compliance
with double-gloving practices was seen in CRNA providers at 55.6%
post implementation, while compliance with SRNAs and anesthesia
residents reached only approximately 27%. Efforts to increase

compliance should be targeted to all anesthesia providers, especially
SRNAs and anesthesia residents. There were 2 medical students
audited for double-glove compliance in the postimplementation
period with neither completing this practice; as residents often
begin in July, these individuals may not have received the targeted
education.

As seen in many QI initiatives, this project saw an initial increase
in hand hygiene and double-gloving compliance immediately after
the education and other strategies were implemented, but then
declined over time. To sustain practices, health care systems may
consider reviewing the National Health Service Sustainability
Model,"" which is a tool that identifies strengths and weaknesses in
QI implementation plans and helps predict the sustainability of the
initiative. The tool contains 10 factors relating to process, staff, and
organizational issues that impact change. Other tools that may help
increase sustainability include the use of performance boards and
improvement huddles to communicate improvements (and deficits)
to leadership and staff and can foster a culture of improvement.'>!?
Ongoing education, such as quarterly booster sessions and in-
corporating expectations into new hire orientation, may also be
beneficial to increase and sustain compliance.'

A significant reduction in surgical site infections was identified in
this initiative; however, results should be interpreted with caution.
Four general surgery ORs were included in this initiative and had IV
pole-mounted hand sanitizer dispensers added. While a large
quantity of general surgery cases are conducted within these ORs,
they may also be completed within other ORs at the facility. Patient-
specific data were not collected for this QI initiative, so connecting
surgical site infections to the specific ORs included in this initiative is
not feasible. Also, numerous processes can contribute to surgical site
infections, including practices in the pre-, intra-, and postoperative
phases. It is difficult to assess if the slight improvement in hand
hygiene compliance and double-gloving practices of the anesthesia
provider during the intraoperative phase contributed to the notable
reduction in these infections. We were not aware of other infection
control QI initiatives focused on the general surgery ORs, but other
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changes and interventions may have been implemented that influ-
enced the reduction in infection rates. Interestingly, the surgical site
infection rate saw the most notable decrease between July and
November 2023, which corresponds to the active implementation
phase of this initiative. Literature supports hand hygiene compliance
can reduce the risk of HAIs?; as such, it is plausible that this QI in-
itiative could have had an impact. Future initiatives may consider
conducting more robust auditing processes (ie, tracking compliance
with every surgical case) and linking surgical site infections to these
specific ORs. Additional recommendations for future QI initiatives
include monitoring hand hygiene compliance throughout the
maintenance and emergence phases of anesthesia to track utilization
rates of the IV pole-mounted device during these latter periods of
anesthetic delivery.

Limitations

Care was taken to minimize Hawthorne bias via the utilization of
external OR observation windows and remote video recordings via
OR Black Box Surgical Systems Technologies. However, Hawthorne
bias may still be present as direct observations were recorded for
this initiative. Additionally, only 4 ORs were included in this in-
itiative; future projects may consider expanding the IV pole-
mounted hand sanitizer dispensers to more ORs.

CONCLUSIONS

Our initiative found an increase in anesthesia provider hand
hygiene and double-glove compliance during induction of GA, along
with a reduction in surgical site infections. Based on these findings,
care should be taken to continue to improve hand sanitizer dis-
penser access within the anesthesia workstation. Increased educa-
tion and awareness regarding hand hygiene and double gloving
during induction of GA helped increase compliance. Anesthesia
leadership and infection prevention staff may consider im-
plementing the IV pole-mounted hand sanitizer into more ORs and
including double-glove education initiatives into quarterly com-
pliance training and embed into new hire orientation education.
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