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BACKGROUND: The Centers for Disease Control and

Prevention (CDC) Guideline for Hand Hygiene in Health

Care Settings was issued in 2002. In 2003, the Joint

Commission on Accreditation of Healthcare Organiza-

tions (JCAHO) established complying with the CDC

Guideline as a National Patient Safety Goal for 2004.

This goal has been maintained through 2006. The

CDC’s emphasis on the use of alcohol-based hand rubs

(ABHRs) rather than soap and water was an opportu-

nity to improve compliance, but the Guideline con-

tained over 40 specific recommendations to implement.

OBJECTIVE: To use the Six Sigma process to examine

hand hygiene practices and increase compliance with

the CDC hand hygiene recommendations required by

JCAHO.

DESIGN: Six Sigma Project with pre-post design.

PARTICIPANTS: Physicians, nurses, and other staff

working in 4 intensive care units at 3 hospitals.

MEASUREMENTS: Observed compliance with 10 re-

quired hand hygiene practices, mass of ABHR used

per month per 100 patient-days, and staff attitudes

and perceptions regarding hand hygiene reported by

questionnaire.

RESULTS: Observed compliance increased from 47%

to 80%, based on over 4,000 total observations. The

mass of ABHR used per 100 patient-days in 3 intensive

care units (ICUs) increased by 97%, 94%, and 70%; in-

creases were sustained for 9 months. Self-reported

compliance using the questionnaire did not change.

Staff reported increased use of ABHR and increased

satisfaction with hand hygiene practices and products.

CONCLUSIONS: The Six Sigma process was effective

for organizing the knowledge, opinions, and actions of a

group of professionals to implement the CDC’s evi-

dence-based hand hygiene practices in 4 ICUs. Sever-

al tools were developed for widespread use.
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H and decontamination has been shown to reduce

the spread of infectious agents for more than 150 years.1

The Institute of Medicine has identified nosocomial infections

as the most common complication for hospital inpatients,2 and

hands are the most common mode of transmission for many

important nosocomial pathogens such as methicillin-resistant

Staphylococcus aureus (MRSA).3,4 The 1991 Harvard Practice

Study on adverse events in health care5 indicated that surgical

site infections were the second most frequent type of adverse

event for inpatients, constituting 13% of adverse events. This

study did not include other hospital-acquired infections such

as urinary tract infections or central line infections. A subse-

quent study by the Centers for Disease Control and Prevention

(CDC) of 1992 to 1996 data6 indicated that surgical site infec-

tions constituted only 17% of all hospital-acquired infections.

This suggests that only 1 in 6 hospital-acquired infections

were counted in the Harvard Practice Study, and that hospi-

tal-acquired infections are almost certainly the most frequent

adverse event for inpatients.

In 2002, the CDC issued a new Guideline for Hand Hy-

giene in Health Care Settings,7 which elucidated many points

related to hospital-acquired infection. The 2 most basic find-

ings were: (1) the hands of health care workers are regularly

contaminated with pathogenic microorganisms; and (2) the

hands of health care workers are a major route of transmis-

sion of pathogens throughout the hospital environment and

from the body of one patient to another. These findings were

already well known, but the primary recommendation was

new: alcohol-based hand rub (ABHR) should be used for ‘‘rou-

tinely decontaminating hands.’’ The 2002 CDC Guideline not-

ed that ABHRs are faster and easier to use than soap and
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water, more effective at killing most microorganisms, and are

less likely to cause dermatitis. Recent studies have shown that

use of ABHRs results in fewer infections.8–10 Using products

other than soap is not new; the original hand decontamination

process established by Semmelweis in the 1850s used a de-

contaminating rinse with chlorinated lime rather than soap.11

In total, the 2002 CDC Guideline provided over 40 rec-

ommendations, with 4 categories for the level of evidence and

for 8 different aspects of practice. In 2003, the Joint Commis-

sion on Accreditation of Healthcare Organizations (JCAHO)

added ‘‘comply with current CDC hand hygiene guidelines’’

to its list of National Patient Safety Goals for 2004. Although

this goal was clear, how to achieve it in hospitals was not.

In 2003, the 3M Company approached the Department of

Veterans Affairs (VA) and Veterans Health Administration

(VHA) about conducting a joint project using the Six Sigma

methodology. After discussions, VHA and 3M signed a memo-

randum of agreement to work together to develop methods to

comply with JCAHO’s required hand hygiene practices. We

report on the implementation and results of this agreement.

METHODS AND DEVELOPMENT OF INTERVENTIONS
USING THE SIX SIGMA PROCESS

The lead representative for VA was the National Center for Pa-

tient Safety. The first challenge was to understand which of the

over 40 CDC recommendations were required by JCAHO. Dis-

cussions revealed that JCAHO would require CDC Category IA,

IB, and IC recommendations, and VA staff composed a 1-page

summary of the required CDC recommendations (Fig. 1). It

contains 19 consolidated recommendations on 4 topics and

was used to simplify the CDC Guideline, and specify what to

address using the Six Sigma process.

The Six Sigma process focuses on identifying critical

points where changes should be made, making those chang-

es, and ensuring that the changes are established as perma-

nent practice.12,13 The version of the Six Sigma process

developed and implemented by 3M has 5 steps, Define, Meas-

ure, Analyze, Improve, and Control, which are referred to as

the acronym DMAIC.

In the Define step, a ‘‘project charter’’ is developed that

explicitly defines the problem or opportunity using a standard

1-page format that is agreed upon by all participants. This en-

sures that everyone understands what is to be addressed.

The Measure step includes development of a ‘‘process

map’’ that describes the way that things currently occur, a

‘‘cause and effect matrix’’ linking actions and missed actions to

good and bad outcomes, and quantitative measurement of the

baseline performance parameter(s) to develop the ‘‘initial

capability,’’ i.e., initial performance level(s).

In the Analyze step, ‘‘Failure Modes and Effects Analysis

(FMEA)’’ is performed, and the data collected previously in

the Measure step is analyzed using appropriate statistical

methods (‘‘multi-vari studies’’) to determine/confirm sources

of variation and opportunities to improve.

The Improve step involves adjusting processes and imple-

menting improvements that address, fix, and/or prevent prob-

lems. After implementation of the improvements, data are

collected again and the improvements may be refined.

The final Control step (1) codifies the improvements into a

‘‘Control Plan’’ that describes the interventions, who is respon-

sible for each, and how and when they will be monitored and/

or measured; and (2) sustains the gains by assuring continued

adherence to the Control Plan to maintain improved perform-

ance and results. The points of the Control Plan, translated out

of the Six Sigma format and into a checklist format, are seen in

the list of interventions (Fig. 2, more detailed version in the

Appendix, and online at VA web site14).

The Six Sigma process was used to organize and focus ef-

forts to implement JCAHO’s hand hygiene goal in 4 intensive

care units (ICUs) at 3 VA medical centers. These ICUs are cod-

ed as Medical ICU-1 (MICU-1), Surgical ICU-1 (SICU-1), ICU-2,

and ICU-3. MICU-1 and SICU-1 are in a Midwestern city, in a

large hospital affiliated with a university medical school;

MICU-1 is a ‘‘closed’’ ICU staffed by full-time intensivist phy-

sicians. Surgical ICU-1, ICU-2, and ICU-3 are ‘‘open’’ ICUs not

staffed by full-time intensivists. Intensive care unit-2 is in a

Southern city, in a small hospital not affiliated with a medical

school. Intensive care unit-3 is in a Midwestern city, in a me-

dium-sized hospital affiliated with a medical school.

3M provided Six Sigma training to VA staff, and assigned 2

team members and a program manager (a ‘‘Six Sigma Black

Belt’’) to the project. Weekly teleconferences with representa-

tives from the hospitals, 3M, and VA Central Office took

place over a 6-month period. Control charts were used to track

the monthly grams of ABHR used per 100 patient-days, pro-

viding monthly performance data and reducing reliance on ob-

servation data, which are time consuming to collect, inherently

intermittent, and have more potential for unintentional bias.

To track the mass of ABHR used, the number of contain-

ers of ABHR replaced at each ICU was recorded monthly by

staff responsible for this duty as part of the project. This was

challenging because it required scrupulous measurement of

something not previously controlled, monitored, or measured.

Each container held 198g of ABHR, and ICU staff already re-

corded monthly patient-days of care provided in each ICU, so

grams of ABHR used per 100 patient-days was easy to com-

pute. Working with foam, gel, and liquid products, and based

on a combination of information from manufacturers, the CDC

Guideline, and empirical tests with the products, it was deter-

mined that an appropriate usage quantity of ABHR was ap-

proximately 1.4 g. A template for recording and calculating this

data is shown in the Appendix.

To collect data on observed hand hygiene practices, a tool

was developed to allow observers to record caregiver compli-

ance with 10 required hand hygiene practices (see Appendix).

Intensive care unit (ICU) staff used the tool to monitor the

practices of their colleagues without notification as to when the

observations would take place. A special instruction sheet was

developed to accompany the tool and standardize its use. Data

were collected over several days at different times by persons

who would typically be in the ICU, i.e., ICU staff rather than

Infection Control Staff. The observation method and tool al-

lowed the recording of several hand hygiene opportunities dur-

ing a single patient encounter. The objective was to record at

least 400 opportunities per ICU. This sample size was suffi-

cient to show statistically significant changes as small as 10%.

Staff professions or titles were noted, but names were not.

There were many categories of staff recorded, but these were

later recategorized as MD, RN, or ‘‘Other.’’

A questionnaire was developed to record ICU staff atti-

tudes and perceptions (Appendix). This questionnaire con-

tained a Hand Assessment Scale15 and questions developed

during the Six Sigma process. The questionnaire was used
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before and after interventions. The questionnaires provided

insights into staff attitudes as well as data for a Six Sigma

‘‘counterbalance.’’ The idea for a counterbalance is to measure

a parameter that might get worse as the desired parameters get

better. In this study, staff satisfaction with hand hygiene

practices was the counterbalance. We did not want to increase

observed compliance, or the use of ABHR, at the cost of making

ICU staff dissatisfied. We believed that improvements were un-

likely to be sustainable if the ICU staff were unhappy about the

improvement mechanisms.

Reviewing hand hygiene processes systematically, it be-

came clear that widespread and easy access to hand hygiene

FIGURE 1. Summary of Centers for Disease Control and Prevention hand hygiene recommendations required by Joint Commission on

Accreditation of Healthcare Organizations.
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products such as ABHR, antimicrobial soap, and sterile and

nonsterile gloves, must be provided before anything else. First,

ABHRs must be available at the bedside and/or the entryway

to all patient rooms, and antimicrobial soap at all sinks. In

discussions, it became clear that health care workers had not

established the frequently repeated hand hygiene practices re-

quired by JCAHO as part of their routine, and that they did not

feel comfortable reminding each other to decontaminate their

hands. Also, health care workers did not know the specific

recommendations in the CDC Guideline, and many believed

that they were practicing hand hygiene at an unrealistically

high rate. The latter point has been previously reported.16 This

FIGURE 2. Hand hygiene interventions developed through Six Sigma process.
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meant that health care workers did not fully comprehend the

need to increase hand hygiene practices. The most challenging

improvement identified to improve staff hand hygiene practic-

es was for patients and visitors to remind staff to decontam-

inate their hands, and for patients and visitors to also

decontaminate their hands.

Of note, a major educational effort was not identified as a

critical aspect of the intervention by the Six Sigma process.

Education-oriented items focused only on updating and reori-

enting existing educational training materials and providing

new posters presenting new information or perspectives

(Fig. 2). The posters developed during the project and rede-

signed subsequently are online at a VA web site.17 There were

no special training sessions, and no exams based on the CDC

Guideline. Other educational interventions were relatively

simple: a 1-page summary document (Fig. 1), and updating

FIGURE 3. Control chart showing baseline and final grams of alcohol-based hand rub used per 100 part-days per month for Medical Intensive

Care unit-1, Surgical Intensive Care Unit (SICU)-1, and SICU-2. Control bars are set at 2 standard deviation intervals.
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preexisting Power Point presentations. An 8-minute video on

hand hygiene was also provided to each ICU and shown at an

ordinary staff meeting.

RESULTS

Results are presented on (1) the mass of ABHR used per 100

patient-days (Fig. 3), 2) the observed rate of compliance with

hand hygiene practices (Table 1, Fig. 4), and (3) the responses

to items on the hand hygiene questionnaire before and after

the interventions (Table 2).

Each ICU started interventions at a different time and

MICU-1 and SICU-1 were tracking the containers of ABHR

used per patient-day prior to the project (Fig. 3). Intensive care

unit-2 started tracking later. Intensive care unit-3 tracked

ABHR use, but partway through the project they discovered

that the containers being counted included containers used in

areas other than the ICU, so these data were not included in

the study. Alcohol-based hand rub use nearly doubled at

MICU-1 and SICU-1 (Po.001 for both pre-post comparisons),

and increased by 70% at ICU-2 over the period of the study.

Data on observed hand hygiene practices are based on the

overall percent ‘‘yes’’ responses to observed hand hygiene op-

portunities noted using the Observation Tool (Table 1, Fig. 4;

Appendix). All 4 ICUs showed statistically significant increases

in observed compliance with hand hygiene practices, with rel-

ative improvement ranging from a 55% to 95%. All 3 provider

groups (RNs, MDs, and others) demonstrated statistically sig-

nificant improvements, with nurses starting and ending with

the highest observed rate of compliance (53% and 82%, re-

spectively). Of the 10 practices measured with the Observation

Table 1. Observed Compliance, by ICU, by Healthcare Worker (HCW) Category, and Overall

MICU-1 SICU-1 ICU-2 ICU-3 All Nurses All MDs All Other HCWs Total

Baseline
observations

509 511 407 911 1130 311 897 2,338

Baseline Yes (%) 51 51 52 39 53 47 39 47
Time of initial
observations

October
2003

January/
February 2004

January
2004

January
2004

October 2003 to
January 2004

October 2003 to
January 2004

October 2003 to
January 2004

NA

Final observations 338 320 405 699 864 187 711 1,762
Final Yes (%) 79

Po.001
87

Po.001
83

Po.001
76

Po.001
82

Po.001
77

Po.001
78

Po.001
80

Po.001
Time of final
observations

May 2004 May 2004 April/May
2004

May 2004 April/May 2004 April/May 2004 April/May 2004 NA

Relative (%)
improvement

in compliance

55 71 60 95 54 64 100 72

ICU, intensive care unit; MICU, medical intensive care unit; SICU, surgical intensive care unit; NA, not applicable.

FIGURE 4. Observed hand hygiene compliance, by practice

measured in observation tool. Observed practices were as follows

(Fig. 2 and Appendix for additional information): (1) Before clean

and aseptic procedures, including medication prep and prior to

prep, gown and glove for sterile procedures. (2) After contact with

blood, body fluids, secretions or excretions, mucous membranes,

nonintact skin. (3) After handling objects and devices such as

soiled linen, trash, equipment. (4) After removing gloves or other

PPE used for contact with body substances. (5) Before patient

contact. (6) After patient contact upon exiting patient’s room. (7)

Upon entering patient’s room before equipment contact. (8) After

equipment contact upon exiting patient’s room. PPE, personal

protective equipment.

Table 2. Baseline and Final Responses to Hand Hygiene
Questionnaire

Question Initial
Data (104)

Final
Data (77)

P Value

Is there a protocol? 90.4% 93.5% .166
Self-compliance rate

estimate
87.8% (n=96) 86.5% (n=73) .207

Hand self-assessment

Appearance (1 to 7) 5.5 5.8 .269
Intactness (1 to 7) 5.2 5.5 .267
Moisture (1 to 7) 4.3 4.6 .334
Sensation (1 to 7) 5.2 5.6 .145
Hand hygiene motivators

Relationship? (1 to 5) 4.8 4.9 .133
Colleague reminds (1 to 5) 2.1 2.1 1.0
Remind others (1 to 5) 2.8 2.9 .661
Patient reminds (1 to 5) 1.2 1.2 1.0
Products used

Soap and water (%) 56.3 49.0 .124
Alcohol alone (%) 39.1 52.4 .002
Satisfaction?

Satisfaction practices (1 to 5) 4.0 4.3 .065
Satisfaction products (1 to 5) 4.0 4.5 .003
Job function summary RN—45 (43%) RN—36 (47%)

MD—6 (6%) MD—8 (10%)
Other—51 (49%) Other—31 (40%)
Blank—2 (2%) Blank—2 (3%)
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Tool, those with the lowest average baseline and final compli-

ance were numbers 5 and 6: ‘‘before patient contact’’ and ‘‘after

patient contact upon exiting the room’’ (Fig. 4). The practices

with the highest average baseline and final compliance were

numbers 2 and 7: ‘‘after contact with blood, body fluids, se-

cretions or excretions, mucous membranes, nonintact skin’’

and ‘‘upon entering the room before equipment contact.’’ Ob-

servation of practices 9 and 10 was added near the end of the

project and the results of those questions are not shown.

Baseline and final responses to the hand hygiene ques-

tionnaire were similar for almost all questions (Table 2;

Appendix). The measure selected as a Six Sigma counterbal-

ance, staff satisfaction, increased slightly, a satisfactory result

as the goal was to maintain a baseline level of staff satisfaction

while ABHR use and observed compliance improved. Also, the

reported use of ABHRs increased significantly. Table 3 shows

the responses to ‘‘When you don’t disinfect your hands (use

soap or an alcohol hand rub to kill microbes) when you should,

what is the reason why?’’ The reduction in the ‘‘too busy’’ re-

sponse, and the increase in the ‘‘forget’’ response suggest that

postintervention noncompliance was increasingly accidental

rather than intentional. The mean estimated rate of self-com-

pliance with hand hygiene practices (87%) was virtually un-

changed. However, the distribution of responses changed; the

final data contained fewer unrealistic self-responses of 99% to

100% and an increase in the more realistic response of 90% to

95% (Appendix).

DISCUSSION AND CONCLUSIONS

We demonstrated that VA personnel working with a 3M project

manager to employ the Six Sigma process were able to develop

and implement effective interventions that improved hand hy-

giene practices. The Six Sigma process proved to be an effec-

tive tool for organizing the knowledge, opinions, and actions of

health care professionals on an important clinical issue that

has been historically intractable.

Many studies have reported that from 5% to 15% of inpa-

tients acquire an infection while in the hospital6,18–21 or that

about 2 million infections occur annually.6,22 One study es-

tablished an excess mortality because of nosocomial infection

of 44% in ICU patients.23 Despite the long-established, wide-

spread, and injurious problem of hospital-acquired infections,

numerous studies have shown that health care workers do not

regularly perform hand hygiene practices consistent with the

policies established by their professional groups, employers,

etc.7,16,24 There is perhaps no aspect of inpatient care where

the divergence between evidence and practice is so pervasive,

damaging, long established, and well known.

Our observed 80% compliance after interventions was

comparable with the most successful reports in the literature

and superior to most published studies attempting to improve

hand hygiene compliance.7 Furthermore, we observed statis-

tically significant and sustained increases in the mass of AB-

HRs used in the observed ICUs per 100 patient-days,

consistent with the compliance that we also observed. We val-

idated monthly monitoring of ABHR use per 100 patient-days

as a timesaving proxy for observed compliance with required

hand hygiene practices. Data from the staff questionnaire in-

dicated that improved compliance did not result in diminished

staff satisfaction. Our finding that mean self-reported rate of

compliance with hand hygiene practices was unchanged

suggests that self-reported rates should not be used to indi-

cate actual compliance rates, trends, or other changes in hand

hygiene practices.

The Six Sigma process is different from the ‘‘Plan, Do,

Study, Act’’ (PDSA) cycle used in many clinical quality im-

provement efforts. One important difference was evident in

this study. The first 3 Six Sigma steps, ‘‘Define, Measure, and

Analyze,’’ focus on studying the problem in depth using vari-

ous prescribed methods and acquiring high-quality baseline

data before doing anything else. These steps may make the Six

Sigma process especially appropriate for patient safety im-

provement initiatives because they address a common prob-

lem in patient safety: the lack of reliable baseline data on the

current or preexisting status.

Additional aspects of the Six Sigma process that were im-

portant to the success of our study included the focus on iden-

tifying the subset of potential interventions that will be

especially effective, using control charts to separate normal

variation from real performance changes, and using a control

plan to ‘‘maintain the gains’’ achieved. The project generated

several tools for widespread use in VA and elsewhere: a 1-page

summary of the JCAHO-required CDC recommendations

(which continue to be required through at least 2006), an ob-

servation tool, a staff questionnaire, a summary checklist of

hand hygiene interventions, and a series of posters designed to

remind staff of required hand hygiene practices and encourage

compliance.

We thank Carol Meeter and Chris Hughes of 3M for help with
planning data collection and data analysis, and staff at the 4
VA Medical Center Intensive Care Units for enthusiastic partic-
ipation and help with data collection.
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Appendix. Checklist of Hand Hygiene Interventions

adapted from VA-3M Six Sigma Project.

Spreadsheet used to calculate alcohol-based hand-rub

usage per 100 or 1,000 patient days.

Observation tool developed for project.

Questionnaire for staff developed for project.

Self-reported compliance with required hand hygiene

practices, baseline and final.
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