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Abstract
Background: In 2014, the Department of Clinical Pathology, Faculty of Medicine 
Siriraj Hospital, Mahidol University, Bangkok, Thailand developed and implemented 
a new process that uses fully automated instrumentation, the lean management ap‐
proach, and autoverification to improve the productivity and efficiency of the uri‐
nalysis workflow process. The aim of this study was to evaluate analytical turnaround 
time compared with our old urinalysis workflow process and our new urinalysis work‐
flow process that was launched in 2014.
Methods: This study was performed at the Central Laboratory of our center during 
June 2017 using data collected from the July 2012 (old process) and July 2014 (new 
process) study periods. We used our laboratory information system to compute and 
analyze turnaround time of urinalysis tests, and those results were compared be‐
tween processes.
Results: The 90th percentile turnaround time in overall data was dramatically de‐
creased from approximately 60 minutes in 2012 to <50 minutes in 2014. The mean 
during both 6:00 am to 9:00 am and 9:00 am to 12:00 pm was approximately 42 min‐
utes in 2012; however, that duration was reduced to approximately 30 minutes for 
both of those time periods in 2014. Specimens within 60 minutes in both intervals 
increase from approximately 80% to more than 90%.
Conclusion: The results of this study revealed our new urinalysis workflow process 
that incorporates fully automated instrumentation, the lean management approach, 
and autoverification to be effective for significantly increasing productivity as meas‐
ured by analytical turnaround time and removing 1 staff to another section.
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1  | INTRODUC TION

Urinalysis is a process that includes evaluation of physical charac‐
teristics, chemical analysis, and microscopic sediment examination. 
The manual method of examining urine is time‐consuming, labor‐in‐
tensive, and it requires well‐trained technicians. The manual method 
is also associated with some inherent subjectivity, which can lead to 
staff‐related variability. Automated urine analyzers were developed 
to improve laboratory productivity and to reduce interobserver 
inconsistency.1‐3

Our center is a 2300‐bed university‐based national tertiary re‐
ferral hospital that is located in Bangkok, Thailand. Our clinical pa‐
thology laboratory receives an average of 500 urine samples per day 
that must be processed by 7 staff technicians. This high workload 
was found to be associated with delayed reporting of urinalysis re‐
sults, workload‐related stress. In response, our department set forth 
to improve the urinalysis process in 2014 by integrating fully auto‐
mated instrumentation, the lean management approach, and auto‐
verification into the urinalysis workflow process.

The lean management approach or principle, which was first 
introduced by Toyota in 1990, is the foundation of the Toyota 
Production System.4,5 The essence of lean management is the elim‐
ination of waste, and the elevation of value via reductions in error 
rates, waiting times, and other factors that reduce efficiency.6,7 
Although the concept of lean management and/or manufacturing 
found its start in the industrial sector, it has now been integrated 
into the healthcare sector where it was found to improve the quality 
of services and safety, to reduce turnaround times, and to reduce 
costs.5‐9

Autoverification is a process by which laboratory results are 
released to a physician without manual intervention. This is ac‐
complished by programming the laboratory information system 
(LIS) and/or instrument middleware software with the criteria that 
determines which information is released, when, and to whom. 
Autoverification in our laboratory facilitates the release of normal 
urinalysis result data to physicians automatically. Autoverification 
reduces the time and manpower needed to manually review re‐
sults, and it also reduces the mental fatigue and potential for error 
that are associated with the verification of large volumes of labo‐
ratory result data.10‐14

Since the sample collection and transportation components of 
the process are not managed by laboratory staff, we used analytical 

turnaround time (TAT) as the parameter to measure laboratory per‐
formance. TAT is defined as the time duration between the time the 
specimen is received and the time the results of urinalysis are re‐
ported. Ninetieth (90th) percentile TAT was reported to be the best 
measure for summarizing the frequency of mishaps and tracking fur‐
ther improvement.15

The aim of this study was to evaluate TAT compared be‐
tween our previous urinalysis workflow process and our new 
urinalysis workflow process that incorporates the use of fully 
automated instrumentation, the lean management approach, and 
autoverification.

2  | MATERIAL S AND METHODS

This study was performed at the Central Laboratory of the 
Department of Clinical Pathology, Faculty of Medicine Siriraj 
Hospital, Mahidol University during June 2017 using data collected 
from the July 2012 and July 2014 study periods. The protocol for 
this study was approved by the Siriraj Institutional Review Board 
(SIRB) [No. 704/2557 (EC3)].

2.1 | Urinalysis workflow process with lean analysis

The urine analyzer that was used as part of the old urinalysis pro‐
cess could only analyze the physical and chemical properties of 
urine specimens. The value of urinalysis workflow process was the 
result with turnaround time less than 60 minutes. Due to the high 
workload, we received the complaint about the delay reporting of 
urine results around 1‐2 times/day from the customer feedback. The 
waste and how to eliminate them are mentioned in the Table 1.

The value stream map (VSM) of old and new workflow processes 
are shown as workflow diagrams in Figures 1 and 2. The analyzer 
was replaced with a fully automated instrument that can examine all 
3 of the evaluations that comprise urinalysis. To further improve the 
efficiency of the process, we set up autoverification criteria 16 that 
would trigger automatic direct reporting the physician if the urinal‐
ysis result was no flagging. For the urine specimen with flags was 
identified and rereviewed by manual microscopic method to report 
all abnormal cell. The improvement from this strategy could reduce 
process time from approximate 10 to 3 minutes as well as relocation 
1 staff to another segment of the laboratory.

TA B L E  1   The waste and how to eliminate from the old urinalysis workflow process

Type of waste Waste How to Eliminate

Waiting Waiting for centrifugation urine in manual microscopic method
Waiting for satff release by manual
Waiting for satff approve by manual

Fully automated instrument examine physical, chemical 
and sediment of urine combined with autoverification

Over Processing Manual microscopic method in negative urine Fully automated instrument examine physical, chemical 
and sediment of urine combined with autoverification

Defective Product Result of urine sediment may be unreliable due to staff‐related 
variability

Fully automated instrument examine physical, chemical 
and sediment of urine
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2.2 | Data collection and analysis

TAT data from our LIS were collected and analyzed. The mean and 
median TAT, standard deviation (SD), and proportion of acceptable 
tests (% of TAT within 60 minutes) were evaluated. The specimen 
volume and 90th percentile TAT data during July 2012 and during 
July 2014 were collected, analyzed, and plotted. The average test 
volumes and analytical TAT in 3‐hour intervals during the 24‐hour 
period were also plotted.

2.3 | Statistical analysis

Microsoft Excel spreadsheet program (Microsoft Corporation) was 
used for data management and all statistical analyses. Two‐tailed 
independent Student's t test was used to test the significance of 
differences between the old and the new urinalysis workflow pro‐
cesses. Data are reported as number, mean ± SD, and median. A P‐
value < .05 was regarded as being statistically significant.

3  | RESULTS

Specimen volume and the 90th percentile analytical turnaround 
times (TATs) in 3‐hour intervals during the 24‐hour period of a day 
are shown in Figure 3. A significant decrease in TAT while increasing 
sample volume was observed. The 90th percentile TAT was dramati‐
cally decreased from approximately 60 minutes in 2012 to <50 min‐
utes in 2014.

The specimen volume and TATs in 3‐hour intervals are shown 
in Figure 4. The two highest TATs were during 9:00 am to 12:00 pm 
and 6:00 am to 9:00 am Specimens were severely overdue during the 
9.00 am to 12.00 pm time period in 2012, but the 90th percentile TAT 
duration during that time period greatly decreased after implemen‐
tation of the new process in 2014 (72 to 54.6 minutes, respectively).

Mean ± SD and median with range of TATs compared between 
the previous process and the new process are shown in Table 2. The 
worst time of the old procedure was around 4 hours at the inter‐
val of 9:00 am to 12:00 pm and the interval of 0:00 am to 15:00 pm; 
the worst time was more than 150 minutes while the worst time of 
the new workflow was about 3 hours and the interval of 6:00 am to 

F I G U R E  1   Value stream map of previous urine examination 
workflow

Front-end processing to match specimen and order 

Physical and chemical analysis (automated analyzer)

Microscopic examination for urine sediments 

Verification of Urinalysis Result 

Authorization of Urinalysis Result 

5 minutes 

20 seconds1 person 

Urine preparation   30 seconds 1 person 

2 minutes 

Centrifugation urine sediments 

1 minute 1 person 

10 seconds 1 person 

2 minutes 1 person 

F I G U R E  2   Value stream map of new urine examination workflow

Front-end processing to match specimen and order 

Physical/Chemical/sediment analysis  
(automated analyzer) 

Microscopic examination for urine sediments 

Verification of Urinalysis Result 

Authorization of Urinalysis Result 

5 minutes

20 seconds1 person

Urine preparation and selected specimen for fully 
automation or semi automation   

30 seconds 1 person

2 minutes

Centrifugation urine sediments 

1 minute 1 person

10 seconds 1 person

2 minutes 1 person

Physical/Chemical 
(Semi automated 

analyzer)
2 minutes

Check specimen for reviewing 
by microscopic 

10 seconds 1 person

Flags

No Flags

Verification and Authorization 
of  

Urinalysis Result 

10 seconds
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12:00 pm; the worst time was more than 150 minutes. The propor‐
tion of specimens that were reported within 60 minutes in 3‐hour 
intervals during the 24‐hour period of a day is shown in Figure 5. The 
significance level for the overall data was 0.01, but that increased 
to <0.005 when each interval was individually evaluated. The mean 

TAT during both 6:00 am to 9:00 am and 9:00 am to 12:00 pm was ap‐
proximately 42 minutes in 2012; however, that duration was reduced 
to approximately 30 minutes for both of those time periods in 2014. 
Moreover, specimens that report within 60 minutes in both intervals 
increase from approximately 80% to more than 95%.

F I G U R E  3   Specimen volume and 
the 90th, 50th and 10th percentile 
turnaround times (TATs)
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F I G U R E  4   Specimen volume and 90th 
percentilet urnaround time(TAT) in 3‐hour 
intervals during the 24‐hour period of a 
day
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TA B L E  2   Mean and median analytical turnaround time (TAT) ± SD and range of specimens compared between the previous process and 
the new process

TAT rangea 
(hours)

July 2012 (previous process) July 2014 (new process)

pn
Mean ± SD 
(minutes)

Median (Range) 
(minutes) n

Mean ± SD 
(minutes)

Median (Range) 
(minutes)

Overall 14,430 35.9 ± 20.6 31.2 (10.8‐238.2) 15,750 26.4 ± 17.4 22.8 (3‐185.4) .01

0‐3 331 19.0 ± 12.3 16.8 (10.8‐153.6) 317 16.7 ± 11.2 14.4 (3‐60) <.005

3‐6 258 28.8 ± 17.8 25.8 (10.8‐157.2) 225 21.7 ± 12.6 20.4 (3‐87) <.005

6‐9 4,164 42.2 ± 19.7 38.4 (10.8‐162) 4,727 28.2 ± 18.0 24.0 (3‐185.4) <.005

9‐12 4,499 42.0 ± 22.8 37.2 (10.8‐238.2) 5,588 30.1 ± 18.8 27.0 (3‐175.8) <.005

12‐15 1,898 33.5 ± 19.4 30.0 (10.8‐192.6) 1,835 23.1 ± 15.4 21.0 (3‐130.8) <.005

15‐18 1,523 25.2 ± 10.4 24.0 (10.8‐103.2) 1,500 21.2 ± 12.9 18.0 (3‐91.8) <.005

18‐21 1,114 21.7 ± 9.7 20.4 (10.8‐72) 993 19.3 ± 12.1 17.4 (3‐78.6) <.005

21‐24 643 20.8 + 8.9 18.6 (10.8‐36) 565 18.7 ± 10.8 17.4 (3‐33.6) <.005

Note: A p‐value <.05 indicates statistical significance.
aTotal specimen volume, and 3‐hour intervals during the 24‐hour period of a day. 
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4  | DISCUSSION

Autoverification and the integration of lean management principles 
are essentially important factors for increasing efficiency within 
laboratories.5‐13 In this study, we present and describe our experi‐
ence with a new urinalysis workflow process that includes fully auto‐
mated instrumentation, autoverification, and the lean management 
approach in a university‐based medical laboratory.

Th basic principles of the lean management approach include: (a) 
define value according to customer's view and identify the source 
of wasted resources; (b) identify of value stream map by observa‐
tion and analysis of processes; (c) create the flow that eliminated 
of waste and standardization of work to minimize variation; (d) re‐
sponse only the pull of customer demand; (e) continuous and sys‐
tematic improvement.17

In 2014, our laboratory analyzed the workflow of urine process 
and found waste which was using man power in many steps (micro‐
scopic examination for urine sediments, verification and approve of 
urinalysis results), unnecessary microscopic examination in negative 
urine, and variations from sediment analysis. So we improved the 
procedure by using a fully urine automated analyzer and set the 
criteria for autoverification for standardization of urine results and 
reduce the need of human by decrease the rate of review by micro‐
scopic as well as using computer release and approval results instead 
of laboratory staff.16

Many studies showed the benefit of urine analyzers which are 
convenience, time‐saving, accurate, and standardization.18‐23 To our 
knowledge, there is limited literature published on effectiveness 
analysis of automated urine analyzers as well as autoverification of 
urinalysis over the course of years.

This study revealed the benefit of fully automated urine analyzer 
combined with management of workflow and autoverification. After 
implementation of the new process in our laboratory, the review rate 
of microscopic examination was around 50%.16 This rate was more 
than median rate from Sysmex participant of CAP Q‐Probes study 
which only 32%.24 In this study, there were 13 from 88 laborato‐
ries that used an automated microscopic analyzer (Iris = 7 labora‐
tories and Sysmex = 6 laboratories). Most of them used flags from 

automated microscopic analyzer. There are two reasons that our 
laboratory performed more manual microscopic method. First, our 
hospital is the tertiary care and academic hospital so we have many 
complex patients. Second, we set our criteria which united between 
chemistry part and microscopic part of the analyzer which different 
from that study.

Through the analysis of sample volume, we found that an increase 
in urine sample volume was observed during 2012 to 2014, the TATs 
were significantly reduced. In order to assess the performance of 
the urinalysis examination during a day, we analyzed the volume of 
specimen and 90th percentile TAT in 3‐hour intervals. There were 
two peaks of TAT. The first one turned up at 9:00‐12:00 am when 
the outpatient units sent specimens to the laboratory. The sec‐
ond‐longest TAT was during 6:00 am to 9:00 am when the inpatient 
units sent the specimen, and there were only 4 staff performing the 
test. The most severely delayed results during these two periods 
might postpone clinical decision‐making in the practice of patient 
care. An improvement strategy was undertaken to shorten the TAT 
of both periods. The 90th percentile TAT of the previous flow was 
very wide range from around 30 to 70 minutes whereas the new one 
was only 30‐55 minutes. In addition, mean and median of TAT of the 
old method were around 16‐42 minutes while the improve flow was 
around 15‐30 minutes.

However, the data demonstrated that if the specimen volume 
less than 40 specimens/3‐hour intervals (around 300 samples/day) 
the 90th percentile TAT and percentage of specimen that report 
within 60 minutes were similar in both workflows.

The fully automated analyzer can increased effectiveness by 
high‐throughput, savings on disposable products, and relocating op‐
erators 3 as the same as our laboratory that one staff reposition to 
another area of the laboratory.

This study has some limitations. First, even though this study 
used retrospective data, which is regarded in most cases as being 
a weakness or vulnerability, all data were complete and accurate. 
Second, even though this is a single‐center study, our laboratory 
is the largest in Thailand, and the mean daily volume of specimens 
that requires evaluation is approximately 500. Third, an authentic 
limitation of this study is that we used only TAT as a parameter to 

F I G U R E  5   Specimen that report with 
in 60 minutes in 3‐hour intervals during 
the 24‐hour period of a day
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measure productivity. Cost‐effectiveness, error rate, and patient/
physician/laboratory staff satisfaction are other parameters that can 
and should be studied in the future.

In conclusion, the results of this study revealed our new urinaly‐
sis workflow process that incorporates fully automated instrumen‐
tation, the lean management approach, and autoverification to be 
effective for significantly increasing productivity as measured by 
analytical TAT.

ACKNOWLEDG MENTS

Research authors Preechaya Wongkrajang, Busadee Pratumvinit, 
and Kanit Reesukumal were supported by a “Chalermphrakiat” 
Grant, Faculty of Medicine Siriraj Hospital, Mahidol University.

CONFLIC T OF INTERE S T

The authors hereby declare no personal or professional conflicts of 
interest regarding any aspect of this study.

ORCID

Preechaya Wongkrajang  https://orcid.
org/0000‐0002‐4660‐3961 

R E FE R E N C E S

 1. Winkel P, Statland BE, Jorgensen K. Urine microscopy: an ill‐de‐
fined method examined by a multifactorial technique. Clin Chem. 
1974;20(4):436‐439.

 2. Kouri T, Fogazzi G, Gant V, Hallander H, Hofmann W, Guder 
WG. European urinalysis guidelines. Scand J Clin Lab Invest. 
2000;60(sup231):1‐96.

 3. Block DR, Lieske JC. Automated urinalysis in the clinical lab. MLO 
Med Lab Obs. 2012;44(10):pp. 8–10, 12.

 4. Liker J. The Toyota Way: 14 Management Principles from the World’s 
Greatest Manufacturer. Maidenhead, UK: McGraw‐Hill; 2004.

 5. Kruskal JB, Reedy A, Pascal L, Rosen MP, Boiselle PM. Quality ini‐
tiatives: lean approach to improving performance and efficiency in 
a radiology department. Radiographics. 2012;32(2):573‐587.

 6. Baker M, Taylor I, Mitchell A. Making Hospitals Work. Ross‐on‐Wye: 
Lean Enterprise Academy; 2009.

 7. Clark DM, Silvester K, Knowles S. Lean management systems: cre‐
ating a culture of continuous quality improvement. J Clin Pathol. 
2013;66(8):638‐643.

 8. Toussaint JS, Berry LL. The promise of lean in health care. Mayo Clin 
Proc. 2013;88(1):74‐82.

 9. Clark D. Quality improvement in basic histotechnology: the lean ap‐
proach. Virchows Arch. 2016;468(1):5‐17.

 10. Duca DJ. Autoverification in a laboratory information system. Lab 
Med. 2002;33:21‐25.

 11. Guidi GC, Poli G, Bassi A, Giobelli L, Benetollo PP, Lippi G. 
Development and implementation of an automatic system for 

verification, validation and delivery of laboratory test results. Clin 
Chem Lab Med. 2009;47:1355‐1360.

 12. Lehman CM, Burgener R, Munoz O. Autoverification and Laboratory 
Quality. Crit Values. 2009;2:24‐27.

 13. Krasowski MD, Kulhavy J, Morris C, et al. Autoverification in a core 
clinical chemistry laboratory at an academic medical center. J Pathol 
Inform. 2014;5(1):13.

 14. Palmieri R, Falbo R, Cappellini F, Soldi C, Limonta G, Brambilla P. 
The development of autoverification rules applied to urinalysis 
performed on the AutionMAX‐SediMAX platform. Clin Chim Acta. 
2018;485:275‐281.

 15. Kenagy JW, Berwick DM, Shore MF. Service quality in health care. 
JAMA. 1999;281:1661‐1665.

 16. Khejonnit V, Pratumvinit B, Reesukumal K, Meepanya S, Pattanavin 
C, Wongkrajang P. Optimal criteria for microscopic review of uri‐
nalysis following use of automated urine analyzer. Clin Chim Acta. 
2015;439:1‐4.

 17. Spagnol GS, Min LL, Newbold D.Lean principles in Healthcare: an 
overview of challenges and improvements. 6th IFAC Conference 
on Management and Control of Production and Logistics. The 
International Federation of Automatic Control. September 11–13, 
2013. Fortaleza, Brazil.

 18. van den Broek D, Keularts IM, Wielders JP, Kraaijenhagen RJ. 
Benefits of the iQ200 automated urine microscopy analyser in rou‐
tine urinalysis. Clin Chem Lab Med. 2008;46(11):1635‐1640.

 19. Jiang T, Chen P, Ouyang J, Zhang S, Cai D. Urine particles analy‐
sis: performance evaluation of Sysmex UF‐1000i and comparison 
among urine flow cytometer, dipstick, and visual microscopic exam‐
ination. Scand J Clin Lab Invest. 2011;71:30‐37.

	20.	 Yüksel	H,	Kiliç	E,	Ekinci	A,	Evliyaoğlu	O.	Comparison	of	fully	auto‐
mated urine sediment analyzers H800‐FUS100 and labumat‐urised 
with manual microscopy. J Clin Lab Anal. 2013;27:312‐316.

	21.	 İnce	FD,	Ellidağ	HY,	Koseoğlu	M,	Şimşek	N,	Yalçın	H,	Zengin	MO.	
The comparison of automated urine analyzers with manual micro‐
scopic examination for urinalysis automated urine analyzers and 
manual urinalysis. Pract Lab Med. 2016;5:14‐20.

 22. Previtali G, Ravasio R, Seghezzi M, Buoro S, Alessio MG. 
Performance evaluation of the new fully automated urine particle 
analyser UF‐5000 compared to the reference method of the Fuchs‐
Rosenthal chamber. Clin Chim Acta. 2017;472:123‐130.

 23. Sánchez‐Mora C, Acevedo D, Porres MA, et al. Comparison of 
automated devices UX‐2000 and SediMAX/AutionMax for urine 
samples screening: A multicenter Spanish study. Clin Biochem. 
2017;50(12):714‐718.

 24. Tworek JA, Wilkinson DS, Walsh MK. The rate of manual micro‐
scopic examination of urine sediment: a College of American 
Pathologists Q‐Probes study of 11,243 urinalysis tests from 88 in‐
stitutions. Arch Pathol Lab Med. 2008;132(12):1868‐1873.

How to cite this article: Wongkrajang P, Reesukumal K, 
Pratumvinit B. Increased effectiveness of urinalysis testing 
via the integration of automated instrumentation, the lean 
management approach, and autoverification. J Clin Lab Anal. 
2020;34:e23029. https ://doi.org/10.1002/jcla.23029 

https://orcid.org/0000-0002-4660-3961
https://orcid.org/0000-0002-4660-3961
https://orcid.org/0000-0002-4660-3961
https://doi.org/10.1002/jcla.23029

