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  Conclusion

Vendor-assisted workflow studies are becoming more popular as a means to evaluate if immunohematology analyzer capabilities 

are a match for a specific facility’s needs.  The purpose of this study was to evaluate quality, speed and cost workflow properties 

for the ProVue® (Ortho Clinical Diagnostics) and the IH-1000™ (Bio-Rad Medical Diagnostics GmbH) in a large volume transfusion 

service using Lean Six Sigma process flow and roadmap.
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Twenty-two runs (22) of one to six (6) samples per run were observed on two Ortho ProVue analyzers in a large Transfusion Service 

performing approximately 153,000 Type & Screens (T&S) annually. The workflow patterns were then repeated on one  

IH-1000. Each process was mapped in detail by direct observations using Process Modellar APP (iPAD). The evaluation started at the 

completion of sample preparation / centrifugation and ended when results were sent from the analyzer to the Laboratory Information 

System (LIS). Each analyzer was evaluated for the following: 

 Quality
  ■  Operator testing process steps per test run
  ■  Bio-hazardous exposure episodes
  ■  Operator maintenance tasks
 Speed
  ■  Operator time
  ■  Analyzer testing time
  ■  Operator maintenance time
 Cost
  ■  Personnel hours recaptured for testing
  ■  Personnel hours recaptured for maintenance

Time studies were analyzed using Minitab v17, and statistical significance was assessed using the paired t-test, with p values of <0.05 

considered significant. 

  Methods

  Cost / Labor Savings Results

Operator Times for Routine Maintenance

Finally, evaluating the operator time required to perform daily, weekly, and monthly maintenance, the total annual operator maintenance 

time is significantly less for the IH-1000 compared to the ProVue (Figure 9).

Based on the workflow observations presented here, the total number of personnel hours recaptured for both testing and maintenance was 
determined (Table 4).  Challenges in accomplishing necessary regulatory requirements to ensure quality products, processes and services as 
well as ensure quality and timely training for numerous staff and students can now be more adequately addressed.

Regardless of the metric evaluated in this study, the IH-1000 demonstrated 60% less process steps per test run, 79% reduction in bio-hazardous 
exposure episodes, and up to 89% reduction in operator time annually for both testing and maintenance.  The personnel hours recaptured did 
not factor in the manual testing that can also get added to the IH-1000 testing menu.  The IH-1000 effectively demonstrated the ability to handle 
the large testing volume of this facility, and will free up operators to address those other necessary quality assurance and training functions that 
often take second place to more immediate patient care / safety needs.

Table 4.  Personnel Hours Recaptured

Annual Personnel Hours Recaptured with IH-1000
Routine Automated Testing 3,316
Maintenance 46
Total Hours Avoided 3,362

Figure 9.  Total Annual Operator Time for Maintenance

Figure 8.  Comparison of Analyzer Time for Testing Table 3.  Paired T-Test and CI: ProVue Analyzer Time, IH-1000 Analyzer Time

95% CI for mean difference: (5.82, 11.27)
T-Test of mean difference = 0 (vs ≠ 0): T-Value = 6.52   
P-Value < 0.0011

N Mean StDev  SE Mean

ProVue Analyzer Time 22 38.32 2.34 0.50

IH-1000 Analyzer Time 22 29.77 7.34 1.56

Difference 22 8.55 6.15 1.31



Figure 2 demonstrates a typical IH-1000 test run experience with many operator steps eliminated and/or reduced.  Such steps included 

minimizing the need to load gel cards with each test run, re-suspend reagent red cells, or to consistently address gel card or patient 

sample barcode reading errors. This account does not use autovalidation on the ProVue. In Figure 2, the highlighted shapes with the 

heading “Unexpected Results”, shows the steps required to validate results. If autovalidation is used on the IH-1000, the highlighted 

steps would only be required for a minimal number of samples as most results autovalidate. The IH-1000 redundancy, capacity, and 

random access also minimized the steps associated with removing gel card and liquid waste, as well as the replenishment of system 

fluids.  

All shapes, with the exception of the grey-shaded shapes (start/stop or separate process),  were included in the total count of process 

steps and bio-hazardous exposure episodes per test run as illustrated in Figures 3 & 4.       

Speed Metric Definition
Operator or “Hands on” 
Time for Testing

Operator time required from sample centrifugation completion until the test run is started on the analyzer (includes 
sample, reagent, consumable loading) + Operator time for result review / verification, ending with results sent to the LIS.

Analyzer Testing Time 
Time from when operator instructs the analyzer to start the run; ends when the testing is complete and results ready for 
operator result review / verification.

Operator or “Hands on” 
Time for Maintenance

Operator time to perform daily, weekly, and monthly maintenance tasks. This does not include the total downtime of the 
analyzer for maintenance.

  Speed  Results

Operator Times for Testing

Three separate experienced operators were evaluated and timed for each analyzer with no significant variation in times noted between 

operators. In Figure 7, one can see wide variation in the operator times demonstrated on the ProVue (the larger the box, the more 

variation observed in operator time). Alternatively, the IH-1000 demonstrated more consistent operator times for each of the test runs 

observed. These observations support what one might expect when comparing the ProVue to the IH-1000 based on the process steps 

required and illustrated in Figures 1-3. Table 2 demonstrates the paired t-test results, obtaining a p value of <0.001 (p < 0.05), indicating 

the operator time for the IH-1000 was significantly less than the operator time required for the ProVue. 

Time studies were also performed, comparing operator time (pre- and post-analytical), analyzer testing times, and operator maintenance 
times (Table 1).

For simplicity, maintenance tasks were obtained from facility standard operating procedures and manufacturer user manuals.  Figure 5 

displays the breakdown of maintenance tasks by analyzer and Figure 6 displays the annual maintenance tasks / analyzer.

Table 2.  Statistical Analysis for Operator Times for Testing

95% CI for mean difference:  (9.44, 17.20)
T-Test of mean difference = 0 (vs ≠ 0): T-Value = 7.14   
P-Value < 0.001

N Mean StDev  SE Mean

ProVue Operator Time 22 14.18 8.64 1.84

IH-1000 Operator Time 22 0.86 0.37 0.08

Difference 22 13.32 8.75 1.87

Paired T-Test and CI: ProVue Operator Time, IH-1000 Operator Time

Analyzer Testing Times

Analyzer testing times were also evaluated for twenty-two (22) separate batches with sample batch sizes ranging from one (1) to six (6) 

samples; each batch consisting of similar assays (Figure 8). Loading relatively small batches sizes per test run while alternating between 

two ProVues still demonstrated average analyzer testing times to be longer than those demonstrated on the IH-1000. Notice the  

IH-1000 did demonstrate a lot more variation in testing times for the workload pattern observed in this facility. This is likely due to its 

design of being a high volume, high throughput testing analyzer. The more samples loaded, the more efficient the analyzer. Loading 

relatively small sample batch sizes in this trickle in pattern does not allow the IH-1000 to test with maximum efficiency; however, the 

paired t-test (Table 3) obtained a p < 0.001 (p <0.05), indicating a statistically significant difference (improvement) in analyzer testing 

times for one IH-1000 when compared to the two ProVues.

Key for Figures 1 and 2

Figure 3.  Summary 
of Process Steps                     

Figure 4.  Summary of Bio- 
hazardous Exposure Episodes                    

Figure 6.  Total Annual Maintenance 
Tasks by Analyzer

Figure 5.  Breakdown of Periodic 
Maintenance Tasks 

Table 1.  Operational Definitions

Figure 7.  Operator Time for Testing
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To clearly visualize the ProVue testing process followed at this Transfusion Service, the process was mapped in detail (Fig. 1).  
The process was mapped again, substituting the ProVue specific steps with the IH-1000 specific steps (Fig. 2).

  Quality Results

Figure 1.  ProVue Testing Process 

Figure 2.  IH-1000 Testing Process 


