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Abstract 

Background: Blood culture is a common procedure used in clinical settings for the diagnosis of 

different types of blood infections. Contamination of the culture occurs quite often, which results 

in a false positive or negative result.  Such results mislead clinicians and microbiologists to a 

wrong diagnosis.  Using statistical methods lead to a better understanding on how to change 

healthcare systems and ensure continuous and sustained quality improvement in any clinical 

setting. Statistical methods are used in a newly designed DMCIB model (Define, Monitor 

variation, Control variation, develop Internal thresholds and Benchmarks). The purpose of this 

study is to apply this model to develop an internal threshold to reduce contamination of blood 

culture. 

Methods: A prospective study design was adopted and the study was conducted at King Fahd 

Hospital of the University of Dammam (KFHU) during the two-year period,  January 2014 – 

December 2015. This study was conducted through the five phases of the DMCIB model. 

Appropriate thresholds were developed for KFHU Blood Culture Contamination (BCC) by 

applying the DMCIB model. 

Results: BCC was 3.063% during 2014. After implementing DMCIB the BCC was reduced to 

1.119% with a reduction in variation. The implementation of the DMCIB model helped verify 



the reduction of BCC, and KFHU was able to achieve a its best practice by developing a 

threshold for BCC. 

Conclusion: The new DMCIB model was useful in improving the quality of work, in reducing 

BCC, and in developing the best practice for blood culture processing. 
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Introduction 

Blood culture has become a common laboratory investigation as it guides clinicians to arrive at 

the right diagnosis in cases involving several types of infections. Contamination of blood culture 

results in a false positive diagnosis of infections.This occurs when organisms that are not present 

in the blood are grown in a culture medium.1,2
  Some healthcare organizations set a goal for 

Blood Culture Contamination (BCC) rate under 3% on a range from 0.6% to 12%.3 Several 

studies have pointed out that blood culture contamination rates are increasing alarmingly owing 

to a variety of  different reasons. Chukwuemeka IK et al. suggest aseptic collection challenges as 

the main cause.4   Saito N et al. conclude that reusable towels are a reason for the  high frequency 

of Bacillus-positive blood cultures.5 Regardless of the particular cause of contamination, it is 

clear that BCC is one of the main Key Performance Indicators since it is linked to avoidable 

patient morbidity, increased healthcare cost, and health care system inefficiencies.6-11   The 

Clinical and Laboratory Standards Institute recommends each health care institution maintain a 



contamination rate less than 3%.12,13 Other studies reported that BCC rates in hospitals can vary 

from 2% to 10% of blood cultures drawn. 14,15,16 

A false positive result that occurs when blood culture is contaminated causes wastage of 

resources not only for the hospital since it has to order another test, but also in a delay in 

treatment and a burden to the patient. Quality improvement mandates the use of systematic 

methods to remove wastage, improve quality, and reduce cost. The primary aim of quality 

improvement is not always to compare data internally or reach predefined targets, but to ensure 

continuous quality improvement by monitoring all processes and subjecting them to statistical 

analyses to understand the variations.  According to Ronald Snee (1991)17, Statistical thinking 

consists of “thought processes, which recognize that variation is all around us and is there in 

everything we do; [that] all work is a series of interconnected processes, and identifying, 

characterizing, quantifying, controlling, and reducing variation provide opportunities for 

improvement”.  Hoerl et al. (2002)18 has developed models for process improvement strategies 

and problem-solving strategies, asserting that the variations play a major role in process 

improvement. The importance of statistical thinking derives from the fundamental principle of 

quality put forward by W. Edwards Deming19:  to reduce variation and improve quality. Also, as 

Deming points out, we can reduce variation and improve quality in two key ways: 

• Eliminate the special cause of variation and bring the process into a state of statistical 

control. 

• Improve the system by reducing the common cause of variation – those causes of 

variation that still exist when a process is in statistical control. 



Many studies support statistical thinking while implementing quality improvement.20,21,22 

Recently, Al Kuwaiti et al. (2016)23 developed a new model for performance improvement in 

healthcare process, the ‘DMCIB’ model that comprises the stages Define, Monitor variation, 

Control variation, develop Internal thresholds and Benchmark.  DMCIB is the part of ‘DMAIC’ 

approach developed by W. Edwards Deming19 and is specifically applicable to the statistical 

analysis of the performance indicators. There are two things can be achieved by applying the 

DMCIB model: 1) reduce variation and 2) develop a threshold. Thus, DMCIB model can be used 

for the standardization of the process.  

In this study DMCIB model was used in quality improvement work to reduce the rate of BCC 

and to develop an internal threshold for KFHU’s blood culture process.  

Many quality improvement studies are available for reducing the BCC rate,24-29 but without 

addressing the issues of variation, internal thresholds and benchmarking. For example, Siti et al. 

observed that BCC was reduced by 2.03% from pre-intervention to post-intervention,  the study 

lacked information about variations within the process and also lacked benchmarking. Our case 

study, by contrast, showcases the use of statistical elements of the DMCIB model to evaluate 

performance measures and establish an internal threshold.  

 

Methods 

Study setting 

A prospective study design was used to report quality improvement work to reduce BCC using 

the DMCIB approach. Five steps were involved in DMCIB model. These steps were illustrated 



through the data collected from the laboratory of King Fahd Hospital of the University of 

Dammam (KFHU) in Saudi Arabia. BCC data were collected for the period from January 2014 

to December 2015. Such data are attribute data, that state whether a blood culture shows or does 

not show contamination. We used a c-chart to interpret the data as we report the number of blood 

contaminated per 100 cultures.  

 

Define Phase 

The Performance Indicator (PI) is defined as follows: 

Name of the indicator: Blood Culture Contamination (BCC) 

Description of PI: A blood culture set is defined as a set of blood sample taken in Vacutainers (1 

or 2) from a patient. The specimen is considered contaminated if one of the following organisms 

is found in above 50% of all blood culture sets obtained from the same patient on the same day: 

coagulase-negative staphylococci, alpha, streptococcus viridans, streptococcus species and 

Corynebacterium species. 

Dimension of performance: Safety 

Frequency of data collection: Monthly 

Rational for choice of PI: Patient safety 

Goal or anticipated outcome: < 3% 

Numerator: Number of Contaminated vacutainers*100 



Denominator: Total number of Blood Culture 

Monitoring Variation Phase 

Figure 1 shows BCC incidence during the year 2014, in which the average BCC was 3.063 

percent. BCC incidence during the month of November was high and falls outside the upper 

control limit, which was a special cause of variation. An action plan was developed to fix and 

eliminate the special cause of variation. 

Control Variation Phase 

An action plan was developed to reduce the rate of BCC. The following strategies were 

suggested and had been implemented to overcome the potential causes of BCC. 

• The Department of Laboratory reports to the Department of Nursing with names of those 

nurses who collected blood with high Blood Contamination Rate (BCR).  The nursing 

personnel explored and identified the root causes of contamination. 

• Training was given to the nurses who were collecting the BCR samples. 

• Contamination of the sterilized site was avoided prior to the drawing of blood. 

• Standardized kits with all required accessories were made ready for use. 

Figure 2 shows the 2014 data seen in Figure 1, along with the 2015 data. The 2015 BCC results 

were observed at below the historical average of 3.063 percent. This demonstrates a significant 

shift in the data and a special-cause signal of eight or more consecutive points below the 

historical average. The 2015 data is displayed with its average (central line) and control limits, in 

which the new process average for BCC was 1.119 percent. In addition to this, the special cause 



of variation was reduced from 6.227 (UCL, 6.227; LCL, 0) in 2014 to 1.499 (UCL, 1.869; LCL, 

0.37).  Hence, the variation was reduced by 4.728 percent in 2015. 

Internal Threshold Phase 

As shown in the 2015 data (figure 2), there was only a random variation, so that using the Upper 

Control Limit (UCL) of the current process, an internal threshold was set at 1.869.  A BCC 

percent greater than 1.869 would signal to the hospital administration that something new had  

entered the process and made BCC worse, which would then have warranted an immediate 

intervention and action to be taken to analyze the underlying cause. 

Benchmark phase  

Benchmarking was the last phase, where the actual KFHU BCC rate was compared with that of 

another Saudi Arabian University Hospital (internal benchmark) having an average of 1.90 

percent. The 2015 KFHU average of 1.119 (UCL, 1.869) was observed to be slightly lower than 

the internal benchmark. The international standard (external benchmark) was less than 3%  - 

above 1.869, which was the UCL of KFHU for 2015. According to Statistical Process Control 

(SPC) theory, in a stable process, all future points will fall between the control limits, which, in 

this case, would mean BCC of KFHU would consistently outperform both the internal and 

external benchmarks. Figure 3 shows the BCC control chart of KFHU during the year 2015, 

along with the internal and external benchmarks. 

Results and Discussion 

This study illustrated the development of an internal threshold for BCC by applying the DMCIB 

model at KFHU, University of Dammam, Saudi Arabia using the approach of statistical thinking. 



According to the glossary and tables for Statistical Quality Control, published by the American 

Society for Quality (ASQ) Statistics Division, ‘statistical thinking’ is defined as a philosophy of 

learning and action based on the three following fundamental principles: 

• All work occurs in a system of interconnected processes; 

• Variation exists in all processes; 

• Understanding and reducing variation are key to success.30 

As per the statistical thinking approach, the primary requirements for quality improvement are 

understanding, analyzing, quantifying, and reducing variation in the processes, which ultimately 

leads to maximization of customer satisfaction.31 In order to reduce variation and for the 

development of internal thresholds, Al Kuwaiti et al.23 recently put forth a new model DMCIB 

for quality improvement. In this study, we applied DMCIB to reduce BCC and developed a BCC 

threshold for KFHU.   

Definition of the performance indicator was formulated in the Define Phase of the DMCIB 

model with approval from the Directorate of Quality and Safety of KFHU. During the 

Monitoring Variation Phase of the model, BCC data was collected, and the average percentage of 

BCC during the year 2014 was observed to be 3.063 with UCL of 6.227 and Lower Control 

Limit (LCL) of 0 and a special cause of variation was observed in November 2014 (Figure 1). 

The need to have a more predictable process prompted the need to eliminate the special cause of 

variation through an action plan. The action plan was successful, as noted by the shift in the 2015 

data compared to the historical average, and, in addition, the variation was significantly reduced. 

Because the 2015 data only showed random variation, the UCL can be considered an internal 

threshold for BCC.  Therefore, KFHU should be alerted if the BCC rate goes above this level. 



The internal benchmark was used from King Khalid University Hospital,32 while the external 

was from the Clinical and Laboratory Standards Institute.12  The results of KFHU were 

considerably better than both the internal and external benchmarks. 

Conclusion 

The application of the DMCIB model was found to be useful in the quality improvement work of 

reducing the BCC rate at KFHU, Saudi Arabia from 3.063 to 1.119 percent with a variation 

reduction of 6.227 to 1.499 percent. An internal threshold was developed for the KFHU’s BCC. 

Reducing waste in healthcare systems, such as BCC is work that is crucial to improving quality, 

safety, and cost of care. 
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Blood Culture Contamination (BCC), 2014: Monitoring Variation Phase 
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Figure 1: The process depicted in this figure was considered to have special cause of variation 
of BCC for this hospital, and an action plan was developed to eliminate special cause of 
variation. UCL, upper control limit; LCL, lower control limit.  

 



 

 

 

 

Blood Culture Contamination (BCC), 2014: 2014 (Before) and 2015(After) the Action Plan 
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Figure 2: For the hospital’s 2015 data, the new process average for BCC was 1.1---- almost 2 
percent less BCC than in 2014. In addition, the variation was reduced by 4.7 BCC.  

 

 

 

 



 

 

 

 

 

Comparison of Blood Culture Contamination (BCC) 2015 data with Internal and External 
Benchmarks  
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Figure 3: The hospital’s BCC control chart is shown, along with the internal and external 
benchmarks. In a stable process, all future points will fall between the control limits, which, in 
this case, would mean that the hospital would consistently outperform the external benchmark. 

 


