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ABSTRACT

Background: Hospital-acquired infection (HAI) is one of the most common complications occurring in a hospital
setting. Although previous studies have demonstrated the application of data-driven Six Sigma DMAIC (Define, Measure,
Analyze, Improve and Control) methodology in various health-care settings, no such studies have been conducted on
HALI in the Saudi Arabian context.

Objective: The purpose of this research was to study the effect of the Six Sigma DMAIC approach in reducing the HAI
rate at King Fahd Hospital of the University, Al-Khobar, Saudi Arabia.

Methods: Historical data on HAI reported at inpatient units of the hospital between January and December 2013
were collected, and the overall HAI rate for the year 2013 was determined. The Six Sigma DMAIC approach was then
prospectively implemented between January and December 2014, and its effect in reducing the HAI rate was evaluated
through five phases. The incidence of HAI in 2013 was used as the problem and a 30% reduction from 4.18 by the
end of 2014 was set as the project goal. Potential causes contributing to HAI were identified by root cause analysis,
following which appropriate improvement strategies were implemented and then the pre- and postintervention HAI
rates were compared.

Results: The overall HAI rate was observed as 4.18. After implementing improvement strategies, the HAI rate
significantly reduced from 3.92 during the preintervention phase (first quarter of 2014) to 2.73 during the postintervention
phase (third quarter of 2014) (P < 0.05). A control plan was also executed to sustain this improvement.

Conclusion: The results show that the Six Sigma “DMAIC” approach is effective in reducing the HAI rate.
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INTRODUCTION

hospitalized patients and causes nearly 5000 annual
deaths. In Saudi hospitals, the overall rate of HAIs was
reported to be 8% in 2003 and 4.5 per 1000 discharged
patients in 2004.14 Likewise, in hospitals located at Taif,

Hospital-acquired infection (HAI) in a health-care
setting is one of the major causes of death and increased

morbidity among hospitalized patients. It prolongs
the hospital stay of affected patients and increases the
cost of patient care.['! In Europe, HAI affects 1 of 10
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Saudi Arabia, the nosocomial infection rate was found
to be 1.86 and 2.09 for 2010 and 2011, respectively.?!
HAI can occur within 48 h of hospital admission, 3 days
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of discharge or 30 days of an operation. The most
common types of HAls are bloodstream infection,
ventilator-associated pneumonia, urinary tract infection
and surgical site infection. The viral, bacterial or fungal
pathogens of such infections are mostly resistant to at
least one commonly used antibiotic. Of these, there
are several multidrug-resistant pathogens such as
methicillin-resistant  Staphylococcus aureus (MRSA),
vancomycin-resistant S. aureus and vancomycin-resistant
enterococci, which are becoming increasingly
problematic, particularly in the critical care setting, and
creating challenges in the management of HAIs.™®

HAI leads to emotional stress, considerable increase
in costs due to the increased length of hospital stay,
functional disability and, in some cases, death.l’-!Z
In addition, increased use of drugs, need for isolation
as well as the additional use of laboratory and other
diagnostic studies also contribute to the increase in costs.
Therefore, to ensure patient safety and reduce the cost of
patient care, it is imperative to take necessary preventive
measures against HAI in hospital settings. Some of
these preventive measures include proper handling
and disposal of sharp instruments (e.g., needles) and
biomedical waste, sterilization of instruments, food and
water precautions, surface sanitation, periodical medical
checkup and vaccination for health-care workers, training
programs, hand hygiene protocol, use of personal
protective equipment (PPE), reduction in the number of
visitors and isolation rooms.!">'¥ Lack of hand hygiene
compliance among health-care workers has been found
to be the main source of HAIs.!"> Further, it is observed
that a 20% increase in hand hygiene compliance reduces
the rate of HAI by 40%.[1617

In the United States, approximately 2 million patients
annually suffer from HAIs and nearly 90,000 are
estimated to die.!"8 Therefore, there is an urgent need
to address potential risk factors and gaps in hospital
processes, which in turn would reduce the occurrence of
HAlIs. Traditionally, measures toward reduction of HAI
focus on individual performances and their errors as well
as on addressing gaps in hospital processes, especially
focusing on postimplementation monitoring.

Although previous studies have demonstrated the
application of Six Sigma DMAIC (Define, Measure,
Analyze, Improve and Control) methodology in reducing
HAIls, no such studies have been conducted on HAI
in the Saudi Arabian context.!'2!! To fill this gap, the
present research was conducted to study the effect of
Six Sigma DMAIC approach in reducing the HAI rate

at the King Fahd Hospital of the University (KFHU),
Al-Khobar, Saudi Arabia.

METHODS

Design and setting

This prospective study was conducted at KFHU,
Al-Khobar, Saudi Arabia. First, the historical data on
HAI reported at the hospital’s inpatient units between
January and December 2013 were collected from the
hospital’s Infection Control Committee, and the overall
HAI rate for the year 2013 was determined. The Six
Sigma DMAIC approach was then implemented between
January and December 2014, and its effect in reducing
the HAI rate was evaluated. Ethical approval for this study
was was obtained from the Institutional Review Board,
Deanship of Scientific Research, Imam Abdulrahman
Bin Faisal University, Dammam, on May 4, 2015 (IRB
No.: IRB-2014-22-225).

Define, Measure, Analyze, Improve and
Control model

The five effective phases of the Six Sigma DMAIC model
are described as follows.

Define Phase

First, a project charter was prepared to define the
problem, scope of the project, its goals and team members
involved [Table 1]. A U-chart was used to study the data
for 2013 [Figure 1]. Based on the historical data, the
incidence of HAI in 2013 was defined as the problem and
a 30% reduction from 4.18 by the end of 2014 was set as
the project goal. Accordingly, an internal multidisciplinary
team was formed, and the patient-handling process was
studied using the SIPOC (suppliers, inputs, process,
outputs and customers) tool [Figure 2]. Several types of
infections were then identified and stratified into various
categories.

Measure Phase

Investigators developed a data collection plan and
gathered data to stratify baseline performance. A check
sheet was developed to identify any potential HAIs among
patients who were hospitalized during the first quarter
of 2014 [Supplementary Appendix 1, online only]. The
preintervention HAI rate was calculated by dividing the
number of HAIs reported in the specified period with
the total number of patient-days for the same period, the
result of which was then multiplied by 1000. HAI rate at
KFHU during the first quarter of 2014 was measured.
Subsequently, a baseline sigma for the occurrence of
HAI at KFHU was calculated [Table 2].
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Analyze Phase

A root cause analysis (RCA) was carried out for each
reported HAI case, and a checklist was prepared to
find their potential causes. A cause—effect diagram was
made to identify the potential causes of HAI [Figure 3]
and is listed in Table 3. Further, a Pareto analysis was
performed to find the vital few causes contributing to the
trivial many [Figure 4].

Improve Phase

Based on the cause—effect diagram and Pareto
analysis, the internal multidisciplinary team framed
the appropriate improvement strategies through
various brainstorming sessions with stakeholders of
KFHU [Table 4]. Such strategies were implemented for
a period of 3 months (third quarter of 2014) at KFHU
and postintervention HAI rate was then calculated.
Further, the effectiveness of these strategies was
studied by comparing the pre- and postintervention
HAI rates.
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Figure 1: Control chart (U-chart) showing the incidence of
hospital-acquired infection during the year 2013

Control Phase
A control plan was executed by the Directorate of
Quality and Safety of KFHU to statistically monitor the

Table 1: Description of project charter
Project charter

Project name Study of effect of applying Six
Sigma (DMAIC) methods in reducing HAI

rate in a university hospital

Resource plan Champion - Principal investigator
Black belt - Coinvestigator

Process owner - Vice dean of clinical affairs

Problem
statement

In 2013, the number of patients prone

to HAI was high in KFHU. This could
negatively affect the quality of patient care
services and challenge patient safety

Goal Reduce the HAI rate by 30% (i.e., from
statement 4.18 to <3) by the end of December 2014

Enhanced patient safety
Increased patient satisfaction
Improved public image and reputation of
the university hospital
The impact of project outcomes on
the cost of patient care is not to be
addressed, as the hospital is entirely
managed through government funding

Intangible
benefits

Team
members

Representatives belonging to the following
units: infection control, medicine, nursing,
laboratory, pulmonary, environmental
systems, epidemiology, radiology, quality
and safety directorate, finance, central sterile
services department, housekeeping and food
and water supply

Scope To reduce the HAI rate at all inpatient units

of KFHU by the end of December 2014

This project would carry through the five
phases of DMAIC extending over a period
of 12 months from January to December
2014

High-level
project
milestone

DMAIC — Define, Measure, Analyze, Improve and Control;
HAI — Hospital-acquired infection; KFHU — King Fahd Hospital of the
University
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Figure 2: Suppliers, inputs, process, outputs and customers diagram of the patient-handling process adopted in King Fahd Hospital of the University
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process and sustain the improvement obtained. HAI rate
pertaining to the fourth quarter of 2014 was monitored,
and a U-chart was used to check whether the process
was under control and the improvement obtained could
be sustained [Figure 5]. Further, the multidisciplinary
team also conducted a periodic audit during December
2014 among the hospital employees to check their hand
hygiene compliance and proper utility of all PPEs, and a
random adherence rate was estimated.

Tools and techniques

Following are the various Six Sigma tools and techniques
that were used to implement the DMAIC model in this
study: project charter; SIPOC; control chart (U-chart);
RCA; cause and effect diagram and Pareto analysis.

Data analysis

Minitab (Minitab Inc, State College, PA, USA) and SPSS
software version 20.0 (SPSS Inc., Chicago, IL, USA) were
used for data analysis. The HAI rates between the first
and third quarter of 2014 were compared using the
t-test. P < 0.05 was considered statistically significant.

RESULTS

To define the problem, the incidence of HAI at KFHU
during the year 2013 was reported as 4.18 [Figure 1].
Further, HAI rates measured in January, February

Table 2: Contributing factors of hospital-acquired
infection

Potential causes contributing to the occurrence of HAI

Poor knowledge and application of basic infection control
measures

Overcrowding

Inefficient implementation of policies and procedures across the
hospital

Insufficient knowledge about blood transfusion safety

Needles stick injuries/blood and fluid exposure (mucocutaneous
occupational exposures in health-care workers)

Inadequate environmental hygienic conditions and waste disposal
Poor hand hygiene practices adopted by the health-care workers

Factors contributing to health-care workers’ poor adherence
to hand hygiene

Lack of knowledge on guidelines/protocols
Busy/insufficient time

Sinks are inconveniently located/shortage of sinks
Lack of soap and paper towels
Understaffing/overstaffing

Lack of scientific information regarding the definitive impact of
improved hand hygiene on health care-associated infection rate

Wearing gloves with a belief that glove use obviates the need for
hand hygiene

HAI — Hospital-acquired infection

and March 2014 (first quarter of 2014) were 4.31,
3.87 and 3.54, respectively, with a mean of 3.92.
Subsequently, the baseline sigma for the occurrence of
HAI was calculated as 4.16 o [Table 4]. Pareto chart
revealed that issues related to the category of health-care
personnel highly influenced the occurrence of HAI at

Personnel o Poor adoption of Hand

hysienic practices
o Lack of knowledge and
application  of  basic

o Lackof soapandpaper infection control m easures
towels e Lack of knowledge about
e Shortageof blood transfusion safety
sinksInconvenient e  Exposure to needle stick
location of sinks injuries, blood and fluids
Too busy/insufficient tim e

Lack of knowledge on
guidelines/protocols
o  Understaffing Overstaffing

Occurrence
of
HAI

o Inadequate environmental o Inefficientim plementation
hygenic conditions of policies and procedures
o Inadequate waste proposal across the hospital

¢ Overcrowding

Figure 3: Cause—effect diagram of potential causes of hospital-acquired
infection at King Fahd Hospital of the University
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Figure 5: Control chart of hospital-acquired infection rate during the
fourth quarter of 2014
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Table 3: Various improvement strategies to
overcome the causes for hospital-acquired infection

Table 5: Difference between the hospital-acquired
infection rates in the pre- and postintervention

Improvement strategies phases
Developing and implementing infection control policies and Period Mean SD t P
procedures Preintervention phase 3.92 0.40 35.00 0.001*

Preparation and distribution of infection control booklet
Training programs on infection control
Developing and implementing of hand hygiene champion posters

Creation of a screensaver message on hand hygiene on all
computer monitors with periodic changes

Creating and implementing a housekeeping hand hygiene
support verification as part of the daily cleaning checklist

Developing a patient/visitor hand hygiene brochure and
education/awareness plan and placing them in the admission
packet and family lounges

Conducting an environmental assessment with staff and
physicians for location/accessibility of hand hygiene supports and
implementing a master plan for best locations on the unit as well
as on portable equipment

Infection control policies and procedures

Definitions of health care-associated infections
Vancomycin-resistant enterococci management
Management of needlestick injuries/blood and fluid exposure
Disinfection and sterilization of patient care equipment
Immunization program

Training programs

Hand hygiene compliance

Standard precaution and isolation precaution

Proper use of PPE

Health-care worker immunization

Notifiable diseases/conditions to Ministry of Health
Types of biomedical waste and its management
Management of exposure to blood and body fluids spills

PPE — Personal protective equipment

Table 4: Baseline sigma showing the occurrence of
hospital-acquired infection during the first quarter of
2014

Process Sigma components Output/
result

Number of defects opportunities per unit (O) 0O=1

(inpatients served in the hospital without HAI

from January 2014 to March 2014)

Total number of inpatient’'s days at KFHU from n = 3297

January 2014 to March 2014

Number of patients prone to HAI during the same D=13
time period (D)

DPO = (D/O) x n 0.0040
Yield (1-DPO) x100 99.60
Process Sigma c=4.16

DPO - Defects per opportunity; D — Defects; O — Opportunity;
HAI — Hospital-acquired infection; KFHU — King Fahd Hospital of the
University

KFHU [Figure 4]. Taking into consideration findings of
the cause—effect diagram and Pareto analysis, various
improvement strategies were framed and implemented

Postintervention phase 273 0.35
*Significant at the 0.05 level. SD — Standard deviation

during the third quarter of 2014. After implementation
of such strategies, it was observed that the HAI
rate had significantly reduced from 3.92 during the
preintervention phase (first quarter of 2014) to 2.73
during the postintervention phase (third quarter of
2014) (P < 0.05) [Table 5]. In the Control Phase, the
HAI rate during the fourth quarter of 2014 was reported
as 2.4, and the U-chart indicated that the process was
under control and that sustained improvement had been
achieved. From the random sample estimation of hand
hygiene practice and adherence by employees toward
proper utilization of PPEs during a periodic audit, it was
found that 85% of employees adhered to such practices.

DISCUSSION

The present work studied the impact of applying the Six
Sigma DMAIC approach in reducing the HAI rate at
KFHU.

In US hospitals, HAIs account for an estimated 1.7
million infections and 99,000 associated deaths each
year,?2%5! and the overall annual direct medical cost is
approximately USD35.7—45 billion.”* In our study,
HAI reported at KFHU for 2013 was 4.18, which was
higher than that reported by Pennsylvania Department
of Health (2.45 rate per 1000 patient days).!? It is
anticipated that reduction in HAI rate will eventually
enhance patient safety, increase patient satisfaction,
decrease mortality as well as reduce the length of stay
and cost of patient care.

A few studies have demonstrated the utility of the Six
Sigma approach in the health-care sector with a specific
focus on catheter-related bloodstream infections,
nosocomial urinary tract infections, MRSA infections
and operating room throughput, surgery turnaround
time, clinic appointment access, hospital discharge
process, hand hygiene compliance, antibiotic prophylaxis
in surgery, scheduling radiology procedures and meeting
standards for cardiac medication administration.[9-21:26-32]
However, to the best of our knowledge, in the Saudi
Arabian context, this is the first-of-its-kind study
describing the use of a Six Sigma model in reducing HAI
rates.
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This study was conducted through the five phases
of DMAIC approach using different quality tools
and techniques at each level. This approach helped
the authors to define the appropriate goal, measure
the data resources, analyze the possible causes,
implement the improvement strategies and sustain
the gains. During the Define Phase, the problem
under investigation was clearly defined with respect
to HAI incidence during the previous year, and a
goal to reduce the HAI rate by 30% was set. During
the Measure Phase, the HAI rate was measured as
3.92 and a baseline sigma calculation was made to
measure the current performance level regarding
the efficiency of infection control measures adopted
at KFHU. This performance level was found to be
lower than the performance indicated in the study
by Drenckpohl et al., which attempted to reduce the
incidence of breast milk administration errors in a
neonatal intensive care unit.B%

In the Analyze Phase, a RCA was carried out to
determine the possible causes of each infectious case.
After implementing the improvement strategies, the HAI
rate reduced from 3.92 at the preintervention value to
2.73. This result is in accord with that of a previous
study reporting a 30% decrease in nosocomial urinary
tract infections after the application of the Six Sigma
process improvement methodology.”®! Another study
indicated a 76% reduction in central line-associated
bloodstream infection in an 18-month period following
the application of the Six Sigma DMAIC model at adult
ICUs.B4

During the Control Phase, a control plan was developed
and implemented by the investigators to monitor and
sustain the gains obtained during the Improve Phase.
Most employees (85%) were found to have adhered to the
hand hygiene practice and PPEs, the main components
addressed during this phase. Similarly, a previous study
has demonstrated that the compliance to such practices
increased from 38% to 69% following the adoption of
the hand washing routine; however, this increase in
the adherence rate was not associated with detectable
changes in the incidence of HAL.’® In contrast, another
study found the Six Sigma process to be effective in
organizing the knowledge, opinions and actions of a
group of professionals to implement the Centers for
Disease Control and Prevention’s evidence-based hand
hygiene practices in ICUs.!?”! Despite these contradictory
findings from the earlier study, our finding demonstrated
that Six Sigma is an effective approach in reducing the
HAI rate.

Limitations and recommendations

This study only focused on inpatient units of a university
hospital in Saudi Arabia, excluding the HAI rates among
outpatients. Thus, it is recommended to extend this study
to focus on outpatient departments. A similar application
of the Six Sigma approach can be performed in other
hospital-related operations such as surgery turnaround
time, clinic appointment access, antibiotic prophylaxis
in surgery, radiology procedures and hospital bed
availability. The cost-effectiveness of improved processes
can be studied in future research.

CONCLUSION

Application of the Six Sigma DMAIC approach was found
to be effective in reducing the HAI rates, thereby ensuring
patient safety and satisfaction at KFHU, Dammam, Saudi
Arabia. The DMAIC model described in this study may
help hospital administrators and quality management
personnel to identify implementation strategies and
significantly reduce HAI rates in health-care settings and
assist in sustaining the gains obtained.
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SUPPLEMENTARY
APPENDIX 1

Check sheet for analyzing the infectious cases

Age:

Patient ID:

Gender:

Weight:

Days in hospital:

Days in ICU

Procedures done: Therapeutic/Interventions antimicrobial use/Indication of antimicrobial (prophylactic-therapeutic)

Infection type:

Septicemia pneumonia upper respiratory tract
Urinary tract infection

Skin infection

Fungal infection

Others

JOOO0

Signature of the Screening Member Date:



